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In the last two-year studies, a prototype of accidents and characteristics of
driving behavior had been explored. Critical effects of driving behavior on safety
were clearly shown. It also suggests that understanding of what drivers think while
driving on the road can help to clarify the nature of accidents. Therefore, a risky
driving behavior model incorporating concepts of Theory of Planned Behavior (TPB)
and Risk Homeostasis Theory (RHT) was constructed for further discussion the

relationship between individual personality traits and risky driving behavior.

Since young motorcyclists were frequently involved in roadway accidents in
Taiwan, this paper presents a Structure Equation Model (SEM) framework to discuss
the mechanism of risky riding behavior prevailing in young motorcyclists. Aiming to
clarify young rider’s risky behavior is due to underestimation of risk, or
overestimation of utility, or lack of knowledge in modern traffic operation, a behavior
model incorporating personality traits, risk perception, utility perception, attitude
towards safe riding, and risky riding behavior is proposed. Questionnaires from six
hundred and eighty three young motorcyclists aged between 18 and 26 years old,
holding qualified licenses and having motorcycle riding experience during the past

month were collected for analysis.

As expected, the results indicate that personality traits indirectly affected riding
behavior via attitude, risk perception, and utility perception. Notably, risky riders are
not all related to those young inexperienced riders. Instead, they tend to be skillful,
confident, and understanding modern traffic rules. Furthermore, one interesting result
relates to the construct of unawareness of traffic conditions, which appeared to affect
strongly and negatively on risky riding behavior. Riders who frequently neglected the
traffic situation exhibit fewer risky riding behaviors. Such riders can be considered
nervous, unskillful or lacking safety knowledge, whose fear of involving in an
accident led them to fail to observe the surrounding traffic conditions. This result
suggests managerial implications for safety education and for future ITS

development.
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ABSTRACT

Young motorcyclists are traditionally considered a high risk population in Taiwan. Given the
critical influence of rider’s behavior on the traffic safety, identifying what riders think can
help clarify the nature of accidents. This paper presents a framework incorporating
personality traits, risk perception, utility perception, attitude towards safe riding, and risky
riding behavior into a Structure Equation Model (SEM) in a discussion of the mechanism of
risky riding behavior in young motorcyclists. 683 young motorcyclists aged between 18 and
26 years old, holding qualified licenses and having motorcycle riding experience during the
past month were collected.

As expected, the results indicated that personality traits indirectly affected riding
behavior via attitude, risk perception, and utility perception. Notably, risky riders are not all
related to those young inexperienced riders, and unlike inexperienced riders they tend to be
skillful, confident, and knowledgeable of modern traffic rules. Furthermore, one interesting
result relates to the construct of unawareness of traffic conditions, which appeared to strongly
and negatively influence risky riding behavior. Riders who frequently neglected the traffic
situation exhibit fewer risky riding behaviors. Such riders can be considered nervous or skill
lacking riders whose fear of experiencing an accident led them to fail to observe the
surrounding traffic conditions. This analytical result suggests managerial implications for

safety education and for future ITS development.
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INTRODUCTION

Young drivers are considered a high risk traffic group. Despite their comparatively low
exposure to driving, young people were more likely to be involved in vehicle accidents
(1)(2)(3). In Britain, for example, the average accident rate among the young population was
2.5 times that for other age groups (7). Tseng et al. (4) also indicated that drivers aged
between 18 and 26 had the highest accident rate.

Early research has indicated that the high accident rate among young drivers can be
blamed on immature skills or insufficient experience. However, several investigations have
suggested that experienced young drivers still have a high accident risk (/). Furthermore,
young drivers have been shown to be excessively confident or to have higher risk acceptance
and tended to suffer accidents in less complex intersections (5)(6). Obviously, inexperience
was not the only explanation for the accidents. Other factors differentiating young riders from
others must also be clarified (7)(8).

Human factors, which represent the main cause of vehicle accidents, were seen as the
main contributor to crashes (9)(10). Analysis and identification of risky psychological traits
significantly affects accident prevention. Based on the theory of planned behavior (TPB),
Ulleberg and Rundmo (10) incorporated personality traits, attitudes towards safety and risk
perception into a Structure Equation Model (SEM) in a discussion of the mechanism of risky
driving behavior in young drivers. The results demonstrated that personality may indirectly
influence risky driving behavior via attitude. However, risk perception, which is positively
correlated with attitude, was not found to be directly and significantly related to driving
behavior. Furthermore, risk homeostasis theory (RHT) indicated that risky driving behavior
induced not only costs, which can be expressed as perceived risk, but also benefits such as
excitement or time saving (/7). Ignoring potential driver benefits from such driving is likely
to result in an incomplete understanding of such risky behavior. Thus, it is worthwhile to
extend the previously developed model to include utility of risky driving.

Motorcycles are the main transportation mode among the young population in Taiwan.
As a consequence, accident and mortality rate for single motorcycle accidents were markedly
higher than for non-motorcycle accidents (12)(13)(14). To better understand the unique
characteristics of risk-taking behavior among young motorcyclists, this study focused on
young motorcyclists and the interactions of their associated latent constructs consisting of
personality, attitude, risk perception, and perceived riding utility during their riding decision
making process.

Based on the research by Ulleberg and Rundmo (70) and Hoyes et al. (11), section
two proposes a conceptual behavior model. Data collection and measurements are then
presented in section three. Sections four and five then illustrate the process of model
construction and the results of exploratory factor analysis and SEM. The final section

comprises discussion.
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CONCEPTUAL FRAMEWORK AND MEASUREMENTS

Previous research mostly divided psychological factors into personality trait and social
cognitive variables (10). Personality reflects internal characteristics of individual differences
and demonstrates consistent patterns and tendencies in individual reactions to the external
environment (70)(15). Since personality represents a stable condition which might be formed
while a person growing up, it can be assumed that personality would influence social
cognitive variables. Personality thus can be treated as a latent explanatory construct, while
risky riding behavior can be considered a latent dependent construct. Meanwhile, some social

cognitive latent intermediate variables should also appear.

Conceptual Framework

Based on the literature review and framework proposed by Hoyes et al. (11) and Ulleberg and
Rundmo (70), a preliminary conceptual framework is proposed, as shown in Fig. 1. Four
personality traits, including sensation seeking, altruism, normlessness, and driving anger,
provided the explanatory construct. Risk perception, attitude towards safe driving, and utility
perception were treated as latent intermediate constructs. The dependent construct was risky

driving behavior. Each construct is discussed as follows.

Risk
Perception

Attitude
toward Safe
Driving

Risky
Driving
Behavior

Perception

FIGURE 1 Conceptual framework of risky driving behavior model

Explanatory Construct

Personality traits, considered the explanatory construct in this research, comprise driving
anger, sensation seeking, normlessness, and altruism. Numerous studies have investigated the
direct (2)(9)(16)(17)(18) and indirect (2)(10) effects of personality traits on risky driving
behavior. By clustering the personality and driving behavior of young drivers, Ulleberg (18)

claimed that high risk populations share general characteristics of low altruism and high
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driving anger, normlessness and sensation seeking. Several works have also suggested that
high driving anger, sensation seeking, and normlessness increase the frequency of risky
driving behavior (2)(9)(10)(16)(17)(18). Furthermore, the possession of the characteristics of
both driving anger and sensation seeking may increase the possibility of traffic violations.

Driving anger can be considered a negative or angry emotion when encountering
interference when driving (19)(20). Angry drivers were more frequently considered to be
engaged in risky driving behavior. Deffenbacher et al. (19) developed a Driving Anger Scale
(DAS) for measuring the frequency of angry emotions among drivers. Sullman (20) adopted
the scale to analyze the effect of age on driving anger and found younger drivers were more
likely to display angry behavior while driving.

Sensation seeking is defined as a personality trait involving the desire of an individual
for excitement and stimuli (9)(10). Altruism is defined as displaying concern for others. Both
constructs can be derived from the measurement of NEO-Personality Inventory which
measured the degree of agreement of personality trait statements (70). Additionally,
measurements proposed by Ulleberg (18) were frequently adopted to measure normlessness,
which can be characterized as the belief that socially unapproved behaviors are acceptable

means of achieving certain goals.

Latent Intermediate Construct
Three latent intermediate constructs are considered, including attitude towards safe driving,
and perceptions of risk and utility.

Attitude, formed by learning or experience, indicates the continuous tendency of
people to like or dislike some behavior (2/). The construct of attitude towards safe driving
specifically represents the attitude of that individual towards safe driving behavior. Ulleberg
and Rundmo (70) indicated that, among the personality traits, only altruism both directly and
indirectly affects risky driving behavior. However, all other personality traits influence risky
driving behavior only indirectly via attitude towards safe driving. Regarding the relationship
between personality traits and attitude towards safe driving, normlessness and sensation
seeking negatively affect attitude towards safe driving while altruism has a positive effect.
Likewise, Ulleberg and Rundmo (70) also indicated that young drivers, who tended to
disobey traffic laws, speeded and saw driving as recreation, exhibited more frequent risky
driving behavior. Scales used to measure the agreement of specific statements or behavior to
identify driver attitudes are contained in Iversen (22) and Ulleberg and Rundmo (70).

Risk perception comprises subjective cognitive perception and affective perception.
Subjective cognitive perception includes self-evaluation of the likelihood of involvement in
an accident, self efficacy, and risk aversion. Affective perception includes concern regarding
risky driving behavior (2). Machin and Sankey (2) found that sensation seeking and

self-evaluation of the likelihood of involvement in an accident positively affected tendency to
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speed. At the mean time, altruism and risk aversion negatively affected speeding. In this work,
a risk perception scale was proposed to measure motorcyclist’s perceived danger of certain
risky riding behaviors. Notably, the perceived danger may not necessarily reflect the actual
risks faced by riders in undertaking risky behaviors, but rather reflects the risk they assigned
such behaviors based on their experience.

According to the risk homeostasis theory proposed by Hoyes et al. (11), risky driving
behavior simultaneously induced both costs and benefits. Costs, presented here as risk
perception, reflect undesired outcomes of risky behavior, including fines, injuries or fatalities.
Meanwhile, benefits indicate positive outcomes of risky behaviors, including time savings or
feelings of excitement. Provided that the benefits exceed the costs, drivers may choose to
engage in high risk driving behavior. Furthermore, after drivers have failed to perceive
adequate costs for an extended period, they are likely to select risky behaviors more
frequently (23). This study used utility perception to represent the benefits of risky behavior,
which were measured by the acceptance of certain risky riding behaviors to save time or

simply for fun.

Dependent Construct

The model treated risky riding behavior as a dependent construct. Although risky riding
behaviors did not necessarily result in an accident, such behaviors increased their likelihood.
This study adopted the scale devised by Chang and Yeh (73) to measure the frequency of

risky riding behavior.

DATA COLLECTION

Based on the review of related research (2)(10)(13)(18)(19)(22) and the characteristics of
motorcycles, a scale comprising 91 items was used in this research. Each measurement was
scaled using a five point Likert Scale. The questionnaire was distributed through Internet and
683 valid questionnaires were gathered. To be legitimate, participants had to be:

® [8to 28 years old,

® Hold a qualified driving license,

® Have motorcycle riding experience during the past one month.

Besides answering the 91 questions, participants were asked to provide background
information including demographic data, riding related information, as well as information on
accidents and violations. According to the data, the average length of riding experience was
5.24 years and most participants rode motorcycles five days weekly. The above statistics
showed that most participants were experienced and rode motorcycles to commute.

Table 1 shows that most participants were aged between 21 and 26 years old. This
result was consistent with the education and occupation information showing that the

majority of participants had a university or graduate level education.
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TABLE 1 Background information of participants

Category Count Percentage
Age
18~20 103 15.1
21~23 219 32.1
24~26 259 37.9
27~28 102 14.9
Gender
Male 366 53.6
Female 317 46.4
Education
Senior high school and under 42 6.2
College or university 417 61.1
Master’s and above 224 32.8
Occupation
Student 462 67.6
Others 182 323

Table 2 lists participant experiences of traffic accidents and violations. Approximately
29.3 percent of participants had experienced an accident. Among these, 28 percent had
suffered serious injury, 53 percent had suffered minor injury and 19 percent had only suffered
property damage. Approximately half of all participants had experienced traffic violations.
Red light running and turning violations were the most frequent.

TABLE 2 Accident and violation experience of participants

Category Count Percentage
Accident within the last two years
Yes 200 29.3
No 483 70.7
Severity of accidents
Property damage only 38 19.0
Minor injuries 106 53.0
Serious injuries 56 28.0
Violation experience
Yes 304 44.1
No 379 55.9
Traffic violation
Running a red light 79 26.0
Left turn violation 64 21.1
Right turn violation 59 19.4
Speeding 82 12.0
Not wearing a hamlet 24 7.9

EXPLORATORY FACTOR ANALYSIS

The questionnaire designed in this study was based on literature review, and comprised 91
items. Since each study has its own structure and purpose, the measurements used here may
overlap. To seek appropriate influencing factors of motorcycle riding behavior in Taiwan, an
exploratory factor analysis which can be employed to discover an optimal set of factors that
accounts for the covariance among the items is necessary for reorganizing and reducing the
dimensionality of the numerous questionnaire responses, and for restructuring the model
framework. Each factor is then re-interpreted and re-named based on the subset of items with

high factor loadings. This study only considers those factor loadings greater than 0.4.
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The 683 samples collected were divided into two groups, 200 samples were used for
exploratory factor analysis, while the remainder were used for confirmatory analysis. The
principal component and promax approaches were adopted in the present factor analysis for
abstracting factors from questionnaire responses. To prevent confusion and misinterpretation,
four categories of measurements were processed separately, including personality trait, risk
perception, attitude towards unsafe riding and utility perception, and risky behavior. The
results listed in Table 3 summarized the abstracted factors and associated reliabilities.
Personality trait can be represented by five factors: sensation seeking, complaisance, altruism,
indignation, and impatience. The risk perception can be represented by two factors: riding
confidence and sense of danger; and risky riding behavior can be represented by three factors:
unawareness of traffic condition, fast riding, and traffic violation. Table 4 lists the
corresponding subset items for each factor.

TABLE 3 Factors and the associated reliabilities

Construct Composite Reliability
Personality trait

Risk seeking 0.713

Complaisance 0.801

Altruism 0.704

Indignation 0.816

Impatience 0.718
Risk Perception

Riding confidence 0.714

Sense of danger 0.814
Attitude & Utility

Utility Perception 0.793

Attitude towards unsafe riding 0.729
Unawareness of traffic conditions 0.684
Risky riding behavior

Fast riding 0.810

Traffic violation 0.736
Index

7/ ar - 1.860 NNFI : 0.906

GFI :0.904 RMSEA : 0.038

Among the abstracted factors, the latent explanatory factors include sensation seeking,
indignation, altruism, complaisance, and impatience. Meanwhile, the intermediate latent
factors include riding confidence, sense of danger, utility perception, and attitude towards
unsafe riding. The latent dependent factors include unawareness of traffic conditions, fast
riding, and traffic violations. “Unawareness of traffic conditions” is associated with level of
situational awareness. Since individual situational awareness in a given riding environment
may reflect their prevailing manners or part of their safety culture, but not the result of a
decision, therefore, “unawareness of traffic conditions” should be considered an intermediate
variable and reassigned as an intermediate construct before the risky riding behavior (24).
Furthermore, personality traits initially comprised five constructs. However, after a trial run,
it was found that the three most closely related factors: risk seeking, complaisance, and

impatience, were sufficient for the risky behavior model.
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TABLE 4 Subset items for each construct

Personality Traits
Sensation seeking
I often crave excitement.
I have sometimes done things just for kicks or thrills.
It's OK to get round laws and rules as long as you don't break them directly.
If something works, it is less important whether it is right or wrong.
Complaisance
Few people think I am selfish and egotistical.
Few people think of me as calm and calculating.
Altruism
I generally try to be thoughtful and considerate.
Most people I know like me.
I try to help others as much as I can.
Impatience
Pedestrians block my way when riding in an ally.
I am stuck in a traffic jam.
I am riding behind a large truck and my views are blocked.
Someone is weaving in and out of traffic.
Indignation
Someone makes an obscene gesture or yells at me for my behavior.
Someone honks at me for my behavior.

Riding confidence
I can handle any unexpected situation even when riding on unfamiliar roads.

If I get into a dangerous situation while riding, I have the skills to get out of it safely.

Sense of danger
Rush running at the start instance of the green light.
Ride between two lanes of fast moving traffic.
Ride so close to the front vehicle that it would be difficult to stop in an emergency.
Merge onto major roads from a minor road when there is coming traffic.
Ride so fast into a corner that I feel like losing control.

Utility Perception
Riding is not only for transportation, but also for fun or recreation.
Riding motorcycle make me feel relax.

Attitude towards unsafe riding
It is acceptable to ride on the opposite lane of a two-lane road for convenient.
In order to save time, riding against the direction on a one-way road is acceptable.
If T have good skills, speeding is OK.
I think it is OK to speed if the traffic condition allows me to do so.

Unawareness of traffic conditions
Do not use mirror to check surrounding vehicles while riding or turning.
Do not use turning signals when turning.

Risky riding behavior
Fast riding
In order to ride faster, I squeeze through an extremely narrow space between vehicle and vehicle.
Compared to the surrounding traffic flow, I ride much faster.
Disregard the speed limit at late night or in the early day.
Riding violation
Drink and ride.
Run through a red light.
Ride on the wrong way.
Do not wear a hamlet when riding.
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STRUCTURE EQUATION MODEL (SEM)

The term SEM conveys that the causal process being studied was represented by a series of
structural equations. Based on Fig. 1, a preliminary model framework and factors resulted
from the exploratory factor analysis, the refined risky riding behavior model is shown in Fig.

2 (dashed line indicates insignificant path).

Riding
confidence

nawareness
of traffic
conditions

Attitude
towards unsafe
riding

Utility
perception

FIGURE 2 Refined risky riding behavior model

Figure 2 shows that unawareness of traffic conditions is re-identified as a latent
intermediate factor. Additionally, effectively using the personality trait factors leads to their
reduction, and only those factors that are significantly related to risky riding behaviors are
selected for the refined model.

Regarding the three personality traits, the analytical results show that sensation
seeking negatively impacted sense of danger and strongly and positively influenced utility
perception. This indicated that riders who are seeking excitement would perceive less danger
of certain risky riding behaviors and enjoy greater utility from such behaviors. This may also
reveal some sort of safety culture among the sensation seeking rider group. Meanwhile,
complaisance positively influenced sense of danger and negatively affected utility perception,
which largely reflect the beliefs of the general public. As for riders with impatience
characteristics, they not only perceive greater danger but also enjoy utility gained from
certain risky riding behaviors. One explanation for this result may be that impatient riders are
more frequently exposed to dangerous situations. All above stated results meet our
expectation.

Furthermore, the characteristics of sensation seeking and impatience, besides the

indirect effects via sense of danger and utility perception constructs, significantly and
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positively affect attitudes towards unsafe riding, which confirms the hypothesis that riders
who are impulsive or engage in seeking excitement have higher acceptance of unsafe riding
(11). However, the complaisance construct does not directly affect attitude towards unsafe
riding instead only exerting indirect effects via latent intermediate constructs.

It is human nature for riders to make decisions based on utility maximization. Risky
behaviors are undertaken only if the perceived benefits exceed the perceived costs. Despite
the influence of personality traits, confident riders tend to gain more utility from riding.
Clearly, it is difficult for riders with less confidence to enjoy risky riding. Additionally, it is
notable that the sense of danger construct significantly and negatively impacts attitudes
towards unsafe riding. Utility perception and sense of danger indirectly influence risky
behavior via attitude towards unsafe riding. This analytical result suggests managerial
implications for safety education.

Attitude is a key contributor to behavior. As expected, the result demonstrated that
riders who tend to accept unsafe riding more frequently engage in risky riding behavior.
However, one interesting result relates to the construct of unawareness of traffic conditions,
which appeared to strongly and negatively influence risky riding behavior. Consequently,
riders who frequently neglected the traffic situation exhibit fewer risky riding behaviors.
Such riders can be considered nervous riders whose fear of experiencing an accident led them
to fail to observe the surrounding traffic conditions. Consequently, such riders appear to have
less risky riding behaviors. On the contrary, riders with a low sense of danger and high riding
confidence tend to be those experienced and skillful riders who are both more aware of traffic
conditions and engage in more risk taking. This suggests that those with risky riding habits

pay more attention to the traffic in order to protect themselves.

CONCLUSIONS

Young riders were found to have high accident and mortality rate. Recently, behavioral
analysis has attracted the attention of researchers leading to valuable information being
uncovered (2)(10)(11). In this research, the refined framework based on Ulleberg and
Rundmo (70) and Hoyes et al (/1) was developed for analyzing the nature of risky riding
behavior in young motorcyclists. As expected, the results demonstrated that personality traits
are indirectly related with risky behavior. This study also confirmed the risk homeostasis
theory.

Decisions to engage in risky riding behavior result from the interaction between risk
(represented by sense of danger) and gain (represented by utility perception). Most research
and safety improvement plans focus on risk reduction. However, for some rider groups,
accident prevention plans should also include strategies on the perceived utility of risky
riding behaviors. The research results clearly indicate that riders without risky riding

behaviors can also cause problems. A large portion of the riding group is not sensation
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seeking ones. Although these riders are not risky riders, they can be inexperienced, nervous,
or even unfamiliar with traffic culture. Instead, risky riders are not all related to those young
inexperienced riders, and unlike inexperienced riders they tend to be skillful, confident, and
knowledgeable of modern traffic rules. Each group of riders may have their own specific
decision making characteristics. Strategies such as education, enforcement, and engineering
should consider the risky behaviors of young riders. This information can yield insights not
only for safety education but also for future ITS safety development.

Most of the measurements presented in this study are only applicable to general
scenarios and thus do not reflect real world traffic situations and may make it difficult for
participants to imagine the scenario precisely. Setting more specific scenarios may enable the
extraction of more interesting and detailed features. Furthermore, considering the
heterogeneous characteristics of young riders (25)(26), further research on risky riding
behavior in different groups of young riders may further enhance understanding of the nature

of accidents.
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