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Purpose: Road safety research is important due to the large number of road traffic fatalities
globally. This study investigated the influences of age, driving experience and other covari-
ates on aggressive driving behavior.
Methods: A cross-sectional survey was conducted in Yixing City, Wuxi City, Jiangsu Province,
China. Regression analysis was applied to explore the influences of age and driving experience
and their interactions with other covariates on aggressive driving behavior. Two analyses
methodologies were used to assess the simple effect of the interactions. Firstly, the Jamovi
automatic analysis classification program was used to calculate the simple slope test. Second, the
SPSS macro program was also used to calculate the simple slope test also.
Results: A total of 570 drivers (247 males, 282 females) participated in the survey. A negative
correlation was found between age and aggressive driving behaviors, and a positive correlation was
found between neuroticism and aggressive driving behaviors in the multiple regression analysis.
Significant associationswere also found between age, driving experience, and depression, aswell as
age, driving experience, and neuroticism. Simple slope tests showed that depressive symptoms
could increase aggressive behaviors in the elderly and experienced drivers. When experiencing
neuroticism, individuals with higher driving experience were more aggressive in driving than
shorter experienced drivers.
Conclusion: Age and neuroticism influenced aggressive driving behaviors. Veteran drivers
could be aggressive drivers when experiencing depressive symptoms or neuroticism. Mobile
intervention could be sent to the potentially risky drivers, which would be safe and broadly
feasible to prevent aggressive driving behavior in the background of COVID-19.
Keywords: aggressive driving behavior, age, driving experience, depressive symptoms,
neuroticism

Introduction
Road safety has been an important global public health issue, particularly over
the last few decades.1 Injury resulting from traffic accidents accounted for many
years lived with disability,2,3 and brought about considerable loss in productivity
and economic outcomes.4,5 According to a World Health Organization report in
2019, more than 1.35 million people die on the roads annually.6 China has the
largest number of road traffic fatalities in the world.7 The road fatalities in
China accounted for 23% of the total global road traffic deaths in 2016,8 and
approximately 21% of the total global road fatalities in 2017.9 Studies have
shown that aggressive driving behavior significantly contributes to road traffic
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events, including the morbidity and mortality of road
traffic accident outcomes.10–17

Aggressive driving has been defined as “when indivi-
duals commit a combination of moving traffic offences to
endanger other persons or property” by the National
Highway Traffic Safety Administration (NHTSA).18,19

This is consistent with the definition of aggressive beha-
vior as “any form of behavior directed toward the goal of
harming or injuring another living being who is motivated
to avoid such treatment”.20 Studies in the field demonstrate
that sociodemographic attributes are related to aggressive
driving behavior.21–23

Age and aggressive driving behavior have been
reported to be closely associated. Many studies have con-
cluded that the much younger aged drivers correlated with
more risky, reckless and aggressive driving behaviors,
which may be associated with an increased risk of traffic
accident involvement.24–27 Conversely, Chinese scholar
Huihui Zhang found that older drivers undertook more
aggressive driving than younger drivers.28 A Chinese
high-speed railway study reported that older age was
a significant predictor of accident involvement.29

Therefore, whether age and aggressive driving behavior
was positively correlated or negatively has not reached
consistent reporting.

Previous studies revealed that men outnumber women
in causing physical injury and direct aggression.30–33

Evolutionary perspective,30,34 biosocial reformulation
mechanism35,36 and neurobiological dispositions37 may
contribute to the origins of gender differences in aggres-
sive behaviors. In cultures men may act to reassert their
masculinity through aggressive behaviors.38 Dwight
A. and David L. reported that violence in driving was
more commonly reported in male-drivers.39 Chinese scho-
lars Jia et al reported that males were much more likely to
overtake in a driving environment.40 Additionally Feng
et al reported the same phenomenon.41 Gwyther and
Holland reported that women were significantly more
likely to self-regulate while driving than men.42 The cur-
rent studies consistently report that males are much more
prone to direct aggressive behaviors.

Drivers with different driving experiences have differ-
ent exposures and coping skills when negotiating conflict-
ing traffic conditions. Lajunen and Parker (2001) found
that driving experience correlated negatively with aggres-
sive driving.43 Similarly, Chinese scholars Jia et al found
that driving experience was negatively correlated with
aggressive driving behavior.40 However, Chinese scholars

Li et al reported no significant correlation between aggres-
sive driving behavior and driving experience.44 There are
few reports on the relationships between driving experi-
ence and aggressive driving behaviors, so further research
is required.

Up to date, most studies report that males display much
more physically aggressive behaviors convergently.
However, there is not a consistent understanding of the
influence of age and driving experience on aggressive
driving behavior. This study aims to address this research
gap and explore the influences of age and driving experi-
ence, and their interactions on aggressive driving behavior.
A cross-sectional survey collected the data and other con-
founding factors that could impact aggressive driving
behavior in actual traffic environments were controlled
for in the analyses including personality28,45,46 and alcohol
use disorders,47,48 social supports,49,50 negative emotion
(depressive and anxiety symptoms),11,51,52 and poor sleep
quality.53,54 The findings of this study will contribute to
understanding aggressive driving behavior and may assist
in the early identification of high-risk or accident-prone
drivers, thus enabling the early prevention of traffic
accidents.

Participants and Methods
Participants
The incidence of traffic accidents in Eastern China (includ-
ing Shanghai City, Jiangsu Province, Zhejiang Province,
Anhui Province, Jiangxi Province, and Fujian Province)
was higher than in other regions in China.55 The gross
domestic product (GDP) of Jiangsu province was the high-
est among all provinces in Eastern China at the end of
2018.56 A prosperous economy was accompanied by an
increase in the number of motor vehicles purchased.57,58

The per capita GDP of Wuxi City was ranked first in
Jiangsu Province in 2017 and 2018.59,60 The economic
level of the Yixing area ranked in the middle of all the
areas of Wuxi city.61 Therefore, participants were recruited
from the Yixing area of Wuxi City.

The required sample size was estimated using the fol-
lowing formula: n = Z2P(1-P)/E2. P was set at 35.7%
according to previous research.40 E was 5% and Z was
1.96. The calculated sample size was 353. Given that 10%
of the questionnaires may be invalid, the required sample
size was estimated to be at least 392. In total, 570 partici-
pants completed the survey. Among these surveys, 31
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questionnaires were not correctly finished, resulting in 529
valid surveys, with a response rate of 94.56%.

The inclusion criteria were: 1) adult drivers aged from
18 to 70 years, and 2) possession of a valid motor vehicle
driver’s license. The Application and Usages of Motor
Vehicles from the Ministry of Public Security of the
People’s Republic of China No. 139 states that a person
shall not apply for a motor vehicle driving license while
experiencing mental illness conditions. Equally, those who
have either taken or injected narcotic drugs during the past
three years, been discharged from compulsory isolation
measures for drug rehabilitation for less than three years,
or have taken long-term dependent psychotropic drugs and
are still addicted to them are not allowed to have a driving
license.62 Therefore having a driver’s license in China
means an individual is free of mental illness and drug
dependence.

The exclusion criteria were: 1) driver’s license suspen-
sion, such as for drink driving; 2) drivers with a disability
certificate; and 3) drivers of luxury cars were excluded
because a luxury car may indicate a higher socioeconomic
status, and thus, other drivers may avoid directing their
aggressive driving behavior towards such individuals. The
retail price of the luxury motor vehicle was > 1.3 million
RMB, because the car retail price> 1.3 million RMB was
defined as a luxury car by China’s Taxation Bureau.63

Measures
Social demographic data were collected, including gender,
age, driving experience, and education. Gender was
defined as male or female. Age was divided into four
groups: [18–30] years old, [30–40] years old, [40–50]
years old, and equal to or greater than 50 years old.
Driving experience was divided into three groups: equal
to or less than two years, 3–4 years, and equal to or more
than five years. Education was divided into three groups:
below senior high school (including senior high school),
college education, and graduate school or above.

The aggressive driving behavior questionnaire devel-
oped by Luoyong was used in the current study. The
questionnaire contains 23 items that assessed the following
five factors: neglecting others, rapid lane changing, high-
speed driving, risky overtaking, and personal assailment
(noted as an Appendix).64 Neglecting others, such as not
using the signal light when turning, was included. Rapid
lane changing meant the driver moves his or her vehicle
into a different lane rapidly. High speed driving referred to
driving too fast disregarding speed limits. Personal

assailment indicated hostility behaviors referred to as
abusing or glaring at other drivers. Each factor was
assessed on both A and B part. The A scale indicated
real aggressive driving experience in certain conditions.
B scale indicated cognitive control ability in terms of
aggressive driving behavior when confronted by the
same condition. Each question was scored on a five-point
Likert scale. The test-retest reliability of each dimension
of the scale ranges from 0.84–0.93 and the Cronbach ɑ
coefficient ranges from 0.76–0.92.64 The total score for
Part A, used in this study, assessed aggressive driving
behavior. The higher the summary score for the A scale,
the more likely the respondent drives aggressively.

The Generalized Anxiety Disorder (GAD-7) scale was
used to assess the anxiety symptoms of participants. The
GAD-7 is a seven-item, self-reported anxiety measurement
tool designed by Spitzer.65 The total score is a sum of
seven categories; the total score ranges from 0–21 with 0–
4 indicating no GAD, 5–9 indicating mild GAD, 10–14
indicating moderate GAD, and 15–21 indicating severe
GAD. The internal consistency coefficient of the GAD-7
is reported as 0.907 and the retest reliability coefficient is
0.413, indicating that it has good reliability and validity.66

The Patient Health Questionnaire-9 (PHQ-9), evaluated
depressive symptoms experienced during the preceding
two weeks. There are nine items in this questionnaire.
A total score between 0–4 points indicates no depression,
5–9 indicates slight depression, 10–14 indicates moderate
depression, 15–19 indicates moderately severe depression,
and 20–27 indicates severe depression.67 The Chinese
version of the PHQ-9 has been reported to have
a Cronbach’s α coefficient of 0.86.68

The typical definitions of personality share the under-
standing that it includes sustainable patterns of feelings,
thoughts, and actions that emerge with stability over time
and with context.46 The Eysenck Personality
Questionnaire-Short Scale (EPQ-RSC) was used to assess
personality. The psychoticism, extraversion, and neuroti-
cism model (P–E–N model) of personality was developed
by Eysenck. Critics of the psychoticism trait have sug-
gested that it was too heterogeneous to be considered
a single trait. The psychoticism (P) scale of the EPQ had
provoked much criticism regarding its clinical value and
inferior psychometric properties. Participants with mental
disorders were excluded from this study. Thus, only the
extraversion (E) and neuroticism (N) subscales of the
EPQ-RSC were used in this study. The reliability and
validity of the E scale were reported to be 0.85 and 0.64,
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respectively. The reliability and validity of the N scale
were 0.82 and 0.63, respectively.69,70

Sleep is a naturally recurring rest-state of mind and
body, characterized by relatively inhibited sensory activity,
inhibition of nearly all voluntary muscles and distin-
guished from wakefulness by a decreased ability to react
to stimuli. The Pittsburgh Sleep Quality Index (PSQI) was
used to assess sleep quality. The PSQI was divided into
seven factors, with the total score ranging from 0–21.71

The higher the score, the lower the sleep quality. The
psychometrics of the PSQI in insomnia patients was
fittable.71 The Chinese version of the PSQI in the commu-
nity ranks adults with insomnia an overall reliability coef-
ficient of 0.82–0.83.72

Abuse of illegal drugs is prohibited in China and is
subject to legal constraints. Driving after drinking alcohol
and driving while intoxicated in China is punished by
driving-license suspension. Any driver whose driving
license was suspended was excluded from this study.
However, the drinking culture is prevalent in China and
it was reported that alcohol use disorders would influence
driving behavior.47,48 Therefore this article only considers
the control of alcohol dependence. The Alcohol Use
Disorders Identification Test (AUDIT), developed by the
World Health Organization (WHO) in 1982, was used to
screen for dangerous and harmful drinking.73 The scale
consists of 10 items, with a score of 8 being positive for
harmful drinking. The Cronbach’s α coefficient for the
Chinese Version of this AUDIT is reported to be 0.782
and the Chinese version of the AUDIT scale has been
found to have better reliability and validity than the
English version.74

Social support is where assistance is available from
other people when needed, usually including emotional
support,75 companionship support,76 informational
support,77 and tangible assistance.78,79 Social support was
measured by the Social Support Rating Scale (SSRS),
formulated by Chinese scholar Xiao in 1986. The scale
has ten items measuring three factors: objective support,
subjective support, and social support utilization, with an
overall Cronbach’s α coefficient of 0.833. The higher the
score, the higher the level of social support.80

Procedure
The Ethics Committee of Hainan Medical University
approved the cross-sectional study protocol. A cross-
sectional survey was designed and conducted between 1st
February and 30th April 2019. A teacher with a Ph.D. in

clinical psychology supervised a team of researchers compris-
ing another two teachers and three undergraduates who
majored in psychology. This team of researchers conducted
the survey in Mandarin. Posters were put up at the Vehicle
Management Office in theYixing area to recruit participants to
the study. The undergraduates took turns recruiting partici-
pants at the office. The participants were informed that it was
an anonymous survey and that all answers would be kept
strictly confidential and only used for research purposes. All
participants were informed about the purpose of this study, in
accordance with the Declaration of Helsinki. The survey was
conducted with the participant’s consent. Participants who
consented to participate and met the inclusion and exclusion
criteria completed the online survey for data collection.

Statistical Analysis
Descriptive statistics were performed using the SPSS24.0
software. The data were expressed as a number, percen-
tage, and sub-group comparisons.The regression analysis
on the influencing factors of aggressive driving behavior
was undertaken using Jamovi statistical software and the
simple slop test of interactions was automatically gener-
ated. Second, the SPSS macro program was also used to
calculate the simple effect. Two kinds of methodology
were used to determine the simple effect of the
interaction.

Results
Social Demographic Characteristics of
the Sample
Table 1 showed the social demographic characteristics of
the sample. The sample comprised 529 participants,
including 247 males (46.69%) and 282 females
(53.31%). The majority of participants (41.97%) were
aged 18–30 years. Most of the participants had more
than five years of driving experience (39.32%) and most
had a college education (76.75%).

Effects of Age and Driving Experience on
the Dimensions of Aggressive Driving
Behavior
Table 2 showed the analysis of aggressive driving
behaviors of different driving-experience in the four
dimensions and the subgroup analysis of different
ages in each dimension. There were significant differ-
ences in the total score of neglecting others, rapid lane
changing, risky overtaking, and personal assailment.
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Subgroups of different ages showed that the 30–40 age
group differed in neglecting others, rapid lane chan-
ging, high-speed driving and the 18–30 age group
differed in risky overtaking and personal assailment.

Post Hoc Analysis of Age Groups and
Driving Experience in Each Dimension
If the difference in Levene’s test was statistically signifi-
cant (p<0.05), the hypothesis of homogeneity of variance

Table 1 Collation and Analysis of Participants Demographic Information

Variable Category Number of People Percentage (%)

Gender Male 247 46.69
Female 282 53.31

Age [18, 30] 222 41.97

[30, 40] 135 25.52
[40, 50] 140 26.47

Over 50 32 6.05

Driving experience ≤ 2 years 180 34.03
3–4 years 141 26.65

≥ 5 years 208 39.32
Educational level ≤ Senior high school 101 19.09

College education 406 76.75

Graduate school or above 22 4.16

Table 2 F-Test of Effects of Age and Driving-Experience on Aggressive Driving Behaviors

Factors Driving Experience F Test Value P

≤ 2 Years 3–4 Years ≥ 5 Years

Neglecting others 9.26±0.35 9.50±0.37 7.66±0.23 10.82 0.00

[18, 30] 9.70±0.41 10.61±0.563 8.20±0.85 1.86 0.16
[30, 40] 7.37±0.73 9.27±0.61 8.18±0.39 2.56 0.08

[40, 50] 8.38±1.75 6.82±0.63 7.16±0.32 0.63 0.53

≥50 8.50±1.85 8.80±1.39 8.35±0.83 0.03 0.97
Rapid lane changing 9.56±0.37 9.92±0.44 7.12±0.23 21.64 0.00

[18, 30] 10.17±0.43 11.21±0.69 9.33±1.12 1.24 0.29

[30, 40] 7.48±0.83 9.69±0.72 7.82±0.54 3.02 0.05
[40, 50] 7.50±1.02 7.00±0.67 6.45±0.21 1.12 0.33

≥50 6.75±0.75 8.00±1.79 7.09±0.722 0.30 0.74

High speed driving 9.58±0.36 9.72±0.37 10.27±0.35 1.13 0.32
[18, 30] 10.01±0.42 11.21±0.69 9.13±0.97 0.72 0.46

[30, 40] 7.67±0.68 8.81±0.60 10.43±0.71 3.59 0.03
[40, 50] 9.00±1.45 8.86±0.84 10.18±0.48 0.84 0.43

≥50 8.50±1.50 9.20±1.93 11.04±1.13 0.60 0.55

Risky overtaking 12.38±0.44 13.60±0.48 11.56±0.33 5.98 0.00
[18, 30] 12.98±0.52 15.62±0.75 14.00±2.00 4.01 0.02

[30, 40] 10.26±0.99 12.60±0.69 11.90±0.63 1.99 0.14

[40, 50] 10.50±1.05 10.18±0.85 10.87±0.38 0.30 0.74
≥50 9.25±1.18 11.4±2.02 12.35±0.92 0.92 0.41

Personal assailment 7.81±0.28 8.76±0.34 7.39±0.25 5.71 0.00

[18, 30] 8.10±0.33 9.92±0.544 9.47±1.51 4.48 0.01
[30, 40] 6.78±0.64 8.38±0.50 7.95±0.49 1.75 0.18

[40, 50] 7.63±1.12 6.55±0.58 6.83±0.28 0.40 0.67

≥50 5.00±0.71 6.80±1.46 7.22±0.62 1.00 0.38
Total score 48.59±1.54 51.48±1.68 44±1.05 7.31 0.00
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was not satisfied. If the difference in Levene’s test was not
statistically significant (p>0.05), the hypothesis of homo-
geneity of variance could not be rejected. When the homo-
geneity of variance was met, the Tukey’s test can then
compare groups in pairs. When the homogeneity of var-
iance was not met, the Games-Howell test was performed
in pairs between groups.

The multiple factor comparisons of the [18, 30] age
group within the different driving experience groups

As shown in Table 3, no significant difference was
detected using Levene’s test between high- speed driving,
neglecting others, rapid lane changing and risky overtak-
ing (p>0.05). As the variance was uniform, Tukey’s tests
were performed for group comparisons. Personal assail-
ment was statistically significant in Levene’s test (p<0.05),
however, the variance was not uniform, and the Games-
Howell test was performed.

Table 4 showed that when the driving experience was
3–4 years compared with that of ≤ 2 years, there was

a significant difference in the dimension of risky over-
taking. When the driving experience was 3–4 years, com-
pared with driving years ≤ 2 years, there was a significant
difference in the dimension of personal assailment.

The multiple factor comparisons of the [30, 40] age
group within the different driving experience groups

As shown in Table 5, neglecting others, rapid lane
changing, risky overtaking and personal assailment
showed no statistically significant difference using
Levene’s test (p>0.05). As the variance was uniform,
Tukey’s tests were performed and high-speed driving was
statistically significant using Levene’s test (p<0.05), then
the variance was not uniform, and the Games-Howell test
was performed.

Table 6 showed that when the driving experience was
3–4 years compared with that of ≤ 2 years, there was
a significant difference in the dimension of neglecting
others. When driving years ≥5 years, there was
a significant difference in the dimension of rapid lane
changing compared with driving years 3–4 years. When
driving years ≥5 years, compared with driving years ≤ 2
years, there was a significant difference in the dimension
of high speed driving.

The multiple factor comparisons of the [40, 50] age
group within the different driving experience groups

As shown in Table 7, no statistically significant differ-
ence in each dimension was detected (p>0.05). As all the
variances were uniform, Tukey’s tests were performed.

Table 3 Homogeneity of Variance Test

Factors Levene Statistic P

Neglecting others 1.09 0.34

Rapid lane changing 0.57 0.56

High speed driving 0.91 0.41
Risky overtaking 0.54 0.59

Personal assailment 3.74 0.03

Table 4 Group Comparison in the [18, 30] Age Group

Way DE (I) DE (J) MD (I- J) SE P 95% CI

LB UB

Neglecting others T ≤ 2 years 3–4 years −0.91 0.70 0.40 −2.56 0.74

≤ 2 years ≥ 5 years 1.50 1.27 0.47 −1.51 4.50

3–4 years ≥ 5 years 2.41 1.34 0.17 −0.76 5.57
Rapid lane changing T ≤ 2 years 3–4 years −1.04 0.78 0.38 −2.88 0.80

≤ 2 years ≥ 5 years 0.84 1.42 0.83 −2.51 4.19

3–4 years ≥ 5 years 1.88 1.49 0.42 −1.65 5.41
High speed driving T ≤ 2 years 3–4 years −0.65 0.72 0.64 −2.34 1.04

≤ 2 years ≥ 5 years 0.88 1.31 0.78 −2.20 3.96

3–4 years ≥ 5 years 1.53 1.38 0.51 −1.71 4.78
Risky overtaking T ≤ 2 years 3–4 years −2.64 0.93 0.01 −4.85 −0.44

≤ 2 years ≥ 5 years −1.02 1.70 0.82 −5.03 2.99

3–4 years ≥ 5 years 1.62 1.79 0.64 −2.60 5.85
Personal assailment G-H ≤ 2 years 3–4 years −1.83 0.64 0.01 −3.33 −0.32

≤ 2 years ≥ 5 years −1.37 1.54 0.66 −5.36 2.62

3–4 years ≥ 5 years 0.46 1.60 0.96 −3.63 4.55

Abbreviations: T, Tukey’s test; G-H, Games-Howell test; DE, driving experience.
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Table 8 shows that in the group [40, 50] years old,
there was no significant difference between each subgroup.

The multiple factor comparisons of equal to or over 50
years old age group within the different driving experience
groups

As illustrated in Table 9, no statistically significant
difference was detected for any dimensions (p>0.05).
The variance was uniform, so Tukey’s tests were
performed.

Table 10 showed that when drivers were aged ≥50
years old, there was no significant difference between
each subgroup.

Multiple Analyses of the Factors
Influencing Aggressive Driving Behaviors
Table 11 showed the regression analysis results testing the
influences of various factors on aggressive driving behavior.
Age and neuroticism were significant influencing factors, and
the interaction between age, driving experience, and depres-
sion was statistically significant. Similarly, the interaction

between age, driving experience, and neuroticism was statis-
tically significant. Multicollinearity first proposed by Frisch,81

refers to the correlations between two or more dependent
variables in a linear regression model, influencing the associa-
tions between dependent and independent variables. Variance
inflation factor (VIF) is a measure of collinearity in a multiple
linear regression model. Quinn and Keough suggested that
when VIF<10, there was no obvious multicollinearity.82 In
statistical analysis, when 10≤VIF<100, the inference is that
obvious multicollinearity exists, and there is severe multicol-
linearity whenVIF≥100. All VIF values were tested and found
to be in the acceptable range.

Simple Effects of Age, Driving Experience,
and Depressive Symptoms
Regression analysis showed that the interaction
between age, driving experience, and depression was
significant, so a simple slope test was conducted to
characterize the interaction. Firstly, the Jamovi analysis
automatic classification program was used to calculate

Table 5 Homogeneity of Variance Test

Factors Levene Statistic P

Neglecting others 2.64 0.08
Rapid lane changing 1.93 0.15

High-speed driving 4.45 0.01

Risky overtaking 0.22 0.80
Personal assailment 0.11 0.90

Table 6 Group Comparison in the [30, 40] Age Group

Way DE (I) DE (J) MD (I- J) SE P 95% CI

LB UB

Neglecting others T ≤ 2 years 3–4 years −1.90 0.88 0.08 −3.98 0.18

≤ 2 years ≥ 5 years −0.813 0.84 0.60 −2.81 1.19

3–4 years ≥ 5 years 1.088 0.71 0.28 −0.58 2.76
Rapid lane changing T ≤ 2 years 3–4 years −2.21 1.09 0.11 −4.78 0.37

≤ 2 years ≥ 5 years −0.34 1.05 0.95 −2.81 2.14

3–4 years ≥ 5 years 1.87 0.87 0.09 −0.20 3.94
High speed driving G-H ≤ 2 years 3–4 years −1.15 0.91 0.43 −3.34 1.04

≤ 2 years ≥ 5 years −2.77 0.99 0.02 −5.13 −0.40
3–4 years ≥ 5 years −1.62 0.93 0.20 −3.84 0.60

Risky overtaking T ≤ 2 years 3–4 years −2.35 1.18 0.12 −5.14 0.45

≤ 2 years ≥ 5 years −1.64 1.14 0.32 −4.33 1.05

3–4 years ≥ 5 years 0.70 0.95 0.74 −1.54 2.95
Personal assailment G-H ≤ 2 years 3–4 years −1.60 0.86 0.16 −3.64 0.44

≤ 2 years ≥ 5 years −1.17 0.83 0.34 −3.14 0.79

3–4 years ≥ 5 years 0.43 0.69 0.81 −1.22 2.07

Table 7 Homogeneity of Variance Test

Factors Levene Statistic P

Neglecting others 2.68 0.07
Rapid lane changing 1.85 0.16

High speed driving 1.25 0.29

Risky overtaking 0.46 0.64
Personal assailment 0.47 0.63
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the interaction. The classification program divided
depressive symptoms into three levels: the average
minus one standard deviation level, the average level,
and the average plus one standard deviation level. The
result of this analysis was shown in Figure 1. The top
two panels showed that for those with depressive
symptoms one standard deviation less than the mean
and those with the mean level depression symptoms,
aggressive driving behaviors decreased with age and
experience. However, the third panel showed that
older and experienced drivers were more likely to
engage in aggressive driving behavior when experien-
cing more severe depressive symptoms.

The SPSS macro program was also used to calculate
the simple effect of the interactions. According to the
PHQ-9 cut-off classification, in the absence of depres-
sive symptoms (PHQ-9≦4), the overall trend in aggres-
sive driving behavior decreased with increasing age and
driving experience (Figure 2). As shown in Figure 3, in
the case of mild depressive symptoms (5≦PHQ-9≦9),

when participants’ were aged older than 40, regardless
of driving experience levels, the occurrence of aggres-
sive driving behavior demonstrated an upward trend. As
shown in Figure 4, in the case of moderate depressive
symptoms (10≦PHQ-9≦14), aggressive driving behavior
showed a downward trend with increasing age and driv-
ing experience. As shown in Figure 5, in the case of
moderate to severe depressive symptoms (15≦PHQ-
9≦19), the aggressive driving behavior of drivers older
than 30 years old showed an upward trend. As shown in
Figure 6, in the case of severe depressive symptoms
(20≦PHQ-9≦27), the aggressive driving behavior of
drivers with driving experience of more than 5 years
and aged greater than 30 years showed an increasing
trend.

Simple Effect Test of Age, Driving
Experience, and Neuroticism
The interaction effect of age, driving experience, and
neuroticism was statistically significant, so a further
simple effect test was conducted for this interaction.
Firstly, the Jamovi analysis automatic classification
program was used to calculate the interaction. The
classification program divided neuroticism into three
levels: average minus one standard deviation level,
average level, and average plus one standard deviation
level. The results were shown in Figure 7. The Jamovi
simple effect test showed that the total tendency was
aggressive driving behavior decreased with increasing

Table 8 Group Comparison in the [40, 50] Age Group

Way DE (I) DE (J) MD (I- J) SE P 95% CI

LB UB

Neglecting others T ≤ 2 years 3–4 years 1.56 1.39 0.51 −1.74 4.86

≤ 2 years ≥ 5 years 1.21 1.24 0.59 −1.71 4.14
3–4 years ≥ 5 years −0.35 0.79 0.90 −2.21 1.52

Rapid lane changing T ≤ 2 years 3–4 years 0.50 0.98 0.87 −1.82 2.82

≤ 2 years ≥ 5 years 1.06 0.87 0.45 −1.01 3.12
3–4 years ≥ 5 years 0.56 0.56 0.58 −0.76 1.87

High speed driving T ≤ 2 years 3–4 years 0.14 1.97 0.99 −4.57 4.84

≤ 2 years ≥ 5 years −1.18 1.76 0.78 −5.35 2.99
3–4 years ≥ 5 years −1.32 1.12 0.47 −3.98 1.34

Risky overtaking T ≤ 2 years 3–4 years 0.32 1.61 0.98 −3.50 4.13

≤ 2 years ≥ 5 years −0.37 1.43 0.96 −3.76 3.01
3–4 years ≥ 5 years −0.69 0.91 0.73 −2.85 1.47

Personal assailment T ≤ 2 years 3–4 years 1.08 1.21 0.65 −1.80 3.96

≤ 2 years ≥ 5 years 0.80 1.08 0.74 −1.75 3.35
3–4 years ≥ 5 years −0.28 0.69 0.91 −1.91 1.35

Table 9 Homogeneity of Variance Test

Factors Levene Statistic P

Neglecting others 0.24 0.79

Rapid lane changing 0.48 0.62
High speed driving 0.65 0.53

Risky overtaking 0.40 0.67

Personal assailment 0.99 0.39
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age. However, shorter driving experience participants
decreased much more sharply than more highly experi-
enced drivers engaging in aggressive driving.

Then, using the SPSS macro program, the simple
effects of age, driving years, and neuroticism (above-
average level, and below average level) were calculated.

As shown in Figures 8 and 9, the general trend showed
that increasing age decreased aggressive driving beha-
vior. Shorter driving experienced participants decreased
much more obviously than longer experienced drivers in
aggressive driving when experiencing both reduced and
higher neuroticism.

Table 10 Group Comparison in the ≥50 Years Old Group

Way DE (I) DE (J) MD (I- J) SE P 95% CI

LB UB

Neglecting others T ≤ 2 years 3–4 years −0.30 2.59 0.99 −6.69 6.09

≤ 2 years ≥ 5 years 0.15 2.09 0.99 −5.01 5.31
3–4 years ≥ 5 years 0.45 1.90 0.97 −4.25 5.15

Rapid lane changing T ≤ 2 years 3–4 years −1.75 2.28 0.73 −7.38 3.88

≤ 2 years ≥ 5 years −0.84 1.84 0.89 −5.38 3.71
3–4 years ≥ 5 years 0.91 1.68 0.85 −3.23 5.05

High speed driving T ≤ 2 years 3–4 years −0.70 3.41 0.98 −9.12 7.72

≤ 2 years ≥ 5 years −2.54 2.75 0.63 −9.34 4.25
3–4 years ≥ 5 years −1.84 2.51 0.75 −8.04 4.35

Risky overtaking T ≤ 2 years 3–4 years −2.15 2.87 0.74 −9.23 4.93

≤ 2 years ≥ 5 years −3.10 2.31 0.39 −8.81 2.62
3–4 years ≥ 5 years −0.95 2.11 0.90 −6.15 4.26

Personal assailment T ≤ 2 years 3–4 years −1.80 1.94 0.63 −6.59 2.99

≤ 2 years ≥ 5 years −2.22 1.57 0.35 −6.09 1.65
3–4 years ≥ 5 years −0.42 1.43 0.95 −3.94 3.11

Table 11 Regression Analysis of Factors Influencing Aggressive Driving

Variable Estimate SE t P

Intercept 74.81 10.62 7.04 0.00

Age −7.43 2.42 −3.07 0.00

Gender −4.46 2.57 −1.73 0.08
Education −2.46 2.93 −0.84 0.40

Driving experience −2.24 2.29 −0.98 0.33

Depression symptoms −0.67 0.36 −1.87 0.06
Anxiety symptoms 0.52 0.45 1.14 0.25

Extraversion −0.47 0.45 −1.04 0.30

Neuroticism 1.01 0.41 2.46 0.01
Alcohol dependence 0.26 0.23 1.16 0.25

Social support −0.24 0.17 −1.40 0.16

Sleep quality 0.96 0.50 1.91 0.06
Age ✻ driving experience ✻ gender −0.05 0.46 −0.11 0.92

Age ✻ driving experience ✻ education 0.44 0.46 0.96 0.34

Age ✻ driving experience ✻ depression 0.20 0.08 2.38 0.02
Age ✻ driving experience ✻ anxiety −0.07 0.10 −0.74 0.46

Age ✻ driving experience ✻ extraversion 0.07 0.08 0.95 0.34

Age ✻ driving experience ✻ neuroticism −0.17 0.08 −2.20 0.03
Age ✻ driving experience ✻ alcohol dependence −0.03 0.05 −0.51 0.61

Age ✻ driving experience ✻ social support 0.00 0.02 0.10 0.92

Age ✻ driving experience ✻ sleep quality 0.09 0.09 0.91 0.36
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Discussion
It has been previously reported that driver factors are
directly or indirectly responsible for approximately 90%
of traffic accidents.25,26,83,84 The recognition of risky dri-
vers prone to aggressive driving behaviors and accident
involvement is essential for ensuring traffic and public

safety. It has previously been asserted that drivers’ self-
reporting accurately represents their actual behavior,85

especially when surveys were conducted anonymously,86

inferring that findings from this anonymous survey would
be reliable. Gender was not a significant impact of aggres-
sive driving behavior probably because the female sample

Figure 1 The simple effect of age, driving experience and depression symptoms using Jamovi software.

Figure 2 The simple effect of age, driving experience and depression symptoms when PHQ-9≦4 using SPSS.
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was slightly higher than the male sample in an insuffi-
ciently sized sample pool.

Age and Aggressive Driving Behavior
Drivers of different ages may exhibit distinct cognition, driv-
ing abilities and risk preferences in any given traffic environ-
ment. The results from the current study elucidated that age
and aggressive driving behavior was negatively correlated,
consistent with previous studies that elderly drivers were
safer drivers and in comparison, younger drivers were prone
to commit increasingly risk-taking driving.26,27,87 However,
the above studies ignored that other variables interacted with
age during global traffic environment. Zhang analyzed the
interaction of age and sex on aggression, and found the con-
verse trend that aggressive driving increased with age.28 Guo
analyzed the interaction of age and personality traits finding
that elderly drivers would be more accident-involvement.29

These inconsistent findings from different scholars indicated
that the influence of age on aggressive behavior would be
more complicated when considering the interaction effects in
natural traffic environments.

The interaction analysis from the current study indicated
that veteran drivers with depressive symptoms could be more
prone to aggressive driving behaviors. First, the Jamovi
automatic analysis indicated that older drivers and those
with more driving experience were more likely to show
aggressive driving behaviors when experiencing higher
depressive symptoms. Second, based on the PHQ-9 cut-off
criterion, among those participants with mild depressive
symptoms, older drivers and those with more driving experi-
ence were prone to aggressive driving behaviors. Together,
these results derived using different assessment methods
indicated that slight depressive symptoms increase the
aggressive driving behaviors of older and more experienced
drivers. In addition, the SPSS macro program showed that in
the case of moderate to severe depressive symptoms, the
aggressive driving behavior of drivers older than 30 years
with all levels of driving experiences exhibited an upward
trend. Moreover, when exhibiting severe depressive symp-
toms, the aggressive driving behavior of drivers with more
than five years’ experience and those aged greater than 30
years also showed an increasing trend.

Figure 3 The simple effect of age, driving experience and depressive symptoms when 5≦PHQ-9≦9 using SPSS.
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Associations between depression and aggression in
children, adolescents88–91 and schizophrenic patients92

have been previously described. To the authors’ knowl-
edge, this study is the first to show an association between
depressive symptoms and aggressive behavior in the gen-
eral adult daily lives setting. Depressed individuals may
potentially be prone to aggression due to depressive symp-
toms being correlated with irritable moods,93–95 and irri-
table moods were correlated with impulsivity,96,97 which
was closely associated with aggression.98–100 Praag sug-
gested that increased aggressive behaviors be thought of as
the pacemakers of depression.101 The coinciding linkage
of depression and aggression suggested a shared neuroen-
docrine pathway. This result indicated a clinical potential
of anti-depressants for treatment of aggressive behavior, as
previously discussed by other scholars.102–104

According to the current and previous studies, aggressive
driving prevention among experienced adult drivers should
consider treating depressive symptoms. Such treatment
methods include physical treatments, medication, and

psychotherapies. Physical therapy included electroconvul-
sive therapy (ETC),105 vagus nerve stimulation,106 and mag-
netic seizure therapy.107–109 Medications referred to
traditional antidepressants and new antidepressants. The tra-
ditional clinical drugs mainly included tricyclic
antidepressants,110 monoamine oxidase inhibitors
(MAO1).111 The new type antidepressants mainly included
selective serotonin reuptake inhibitors (SSRIs),112 and selec-
tive serotonin-norepinephrine reuptake inhibitors (selective
serotonin-norepinephrine reuptake inhibitors, SNRIs).113

However, for those drivers who are not diagnosed with
clinical depression, psychotherapy,114 would be safer and
more practical to be administered by the traffic administra-
tion department. Internet cognitive behavioral therapy
(iCBT) had been found effective for the treatment of depres-
sive symptoms as well as other psychosomatic symptoms
and psychosocial problems.115–118 In the COVID-19 back-
ground. iCBT could be a safe, cost-effective, feasible and
immediately accessible method to moderate and mitigate the
depressive symptoms for broadly targeted drivers.

Figure 4 The simple effect of age, driving experience and depression symptoms when 10≦PHQ-9≦14 using SPSS.
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Neuroticism and Aggressive Driving
Behavior
Personality reveals individuals’ behavioral patterns in
a variety of situations. Personality traits may be stable
and could predispose individuals’ emotional arousal and
behavioral responses.119 The multiple regression model of
the data showed that neuroticism had a significantly posi-
tive correlation with aggressive driving. This finding was
consistent with previous studies that neuroticism was asso-
ciated with more accident involvement, traffic
violation29,120,121 and anti-social behavior.122

The psychological mechanism for the association
between neuroticism and aggressive behavior probably is
due to the following reasons. First, people experiencing
neuroticism tend to experience negative emotions such as
stress, depression, and shame. Individuals in higher neu-
roticism might be easily emotional angered or frustrated,
which triggers aggressive driving. Further, people with
high neuroticism tend to have emotional instability,
which means they tend to respond impulsively to stimuli
and be overly-emotional. Many a study found that

individuals with emotional instability, such as sensitivity
to express impulsivity, or high sensation seeking, can be
predisposed to aggressive driving behaviors across
conditions.123–125 The neurocognitive mechanism of neu-
roticism and aggressive behavior is unclear. Barratt and
Krakowski et al reported patients with frontal impairment
could not inhibit their violent impulses.126,127 The instru-
mental anti-social aggression was suggested to be related
to a lack of moral socialization and empathy due to a lack
of development of the violence inhibition system.128–130

Whether specific neural cue for an inhibitory pathway can
explain the association of neuroticism and aggression
association deserves further exploration.

The SPSS simple effect test also showed that drivers
with less driving experience decreased much more shar-
ply than more highly experienced drivers in aggressive
driving within both neuroticism levels. Such trends indi-
cated that drivers with more extended driving experience
who were experiencing neuroticism required more inten-
sive follow-up investigation and interventions. To screen
and identify individuals with high neurotic personality

Figure 5 The simple effect of age, driving experience and depression symptoms when 15≦PHQ-9≦19 using SPSS.
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traits could be undertaken using a questionnaire such as
the Eysenck personality Questionnaire,131 or Five-Factory
Inventory.132 Additionally, a prevention logo or tips to
warn about aggressive driving could be sent to targeted
drivers using digital messages, such as Wei-chat

messages in China. Such strategies have proven effective
in health promotion strategies,133–136 enabling any poten-
tially aggressive driving individuals to prevent activating
their aggressive tendencies due to early awareness
strategies.

Figure 6 The simple effect of age, driving experience and depressive symptoms when 20≦PHQ-9≦27 using SPSS.

Figure 7 The simple effect test of age, driving experience and neuroticism using Jamovi software.
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Limitations
Despite the notable contributions of the current study to
aggressive driving research, there are also real challenges
in understanding the role of aggressive human factors in
the real traffic environment. First, the cross-sectional
design did not allow for the deduction of cause and effect,
thus longitudinal research would be required. Second, the
measurement of aggressive driving was derived from self-
reporting measures, and more objective assessment meth-
ods could be used in future. Investigations. Third, external
validation of the results required the testing of additional
samples. Furthermore, the driving experience was mea-
sured using the number of driving years, whereas annual
mileage should be considered in future studies. Finally, the
study did not fully control the influencing factors of
aggressive driving in the real world. There could be
more confounding factors for road traffic accidents due
to aggressive driving behavior in the complex dynamic
traffic environment, such as the drivers’ cognitive con-
founders (for example, attention, working memory and
decision making processes) were not feasible to be

included in a retrospective investigation. Therefore, the
external validity of this study needs a great deal more
consideration.

Conclusion
It is crucial to identify which demographic drivers more
prone to contribute to accident-related conditions, as these
findings can inform risky driver prevention and treatment to
enhance traffic safety. First, this study suggested that age
influenced aggressive driving behaviors negatively.
However, veteran drivers (elderly and those with more
extensive driving experience) could exhibit more risky driv-
ing behaviors than younger and inexperienced drivers when
experiencing depressive symptoms. The findings allow for
a greater understanding of the relationship between age and
driving safety and indicated that elderly and experienced
drivers require much more care and consideration for their
mental health conditions to ensure traffic safety.

Further, the results confirmed that neuroticism influ-
enced aggression in the context of the driving environ-
ment. Higher neuroticism drivers should be considered

Figure 8 The simple effect of age, driving experience and depression symptoms when neuroticism≦6 using SPSS.
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worthwhile targets for preventing aggressive driving and
ensuring roadside safety. Additionally, drivers with more
vast driving experience displaying neuroticism were much
more aggressive than less experienced drivers experien-
cing neuroticism. In particular, safety program should be
directed at experienced drivers with higher neuroticism
trait.

Psychological treatments can be considered a traffic
safety strategy, together with vehicle operation regulations
and traffic rules education. Contrary to our common sense,
veteran drivers could be riskier when experiencing depres-
sion symptoms or neuroticism. To our knowledge, this is
the first study reporting that veteran drivers were more
risky drivers when experiencing particular psychological
states. The findings suggested that mental health condi-
tions and personality traits should be considered when
traffic safety programs are developed and applied.
Mobile digital interventions could be sent to the poten-
tially risky drivers, which would be safe and broadly
feasible as a tool to prevent aggressive driving behavior
in the background of COVID-19.
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