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special. In most cities of China, according to administrative provisions
for public transportation vehicles, only specialized transportation
firms can obtain permission for operating taxi and bus transport ser-
vices, and these firms are run by specialized government agencies
(2, 3). Individuals contract with the authorized firms to operate taxis
and buses, pay these firms a management fee, and usually take full
responsibility for their own profits and losses in daily operation. To
maximize the profit, vehicles generally run continuously, and drivers
operate the vehicles in shifts. As a result of enforced regular vehicle
inspections, few crashes are caused solely by vehicle mechanical
malfunction. Rather, most crashes are attributed to driver-related
factors such as fatigue and distraction (4). Generally, one public trans-
portation vehicle is operated by two or at most three drivers in shifts
daily, and each driver usually operates for more than 6 h continuously.
Moreover, many drivers usually drive over the speed limit to enhance
operation efficiency, and even race with each other to compete for
the passengers waiting on the roadside (4). Such characteristics related
to public transportation drivers undoubtedly increase the crash risk
for themselves and the passengers.

Considerable research efforts have been made to investigate 
the safety issues related to taxi and bus services in various aspects.
For instance, Chin and Huang (5) and Clarke et al. (6) conducted
general analyses in Singapore and the United Kingdom, respectively,
to identify risk factors affecting taxi and bus crash occurrence from
driver demographics and vehicle and environmental factors. More
specifically, several safety problems related to the work character-
istics of public transportation drivers have been investigated. Dalziel
and Job (7 ) and Gander et al. (8) investigated the fatigue problem
of occupational drivers in Sydney, Australia, and in New Zealand,
respectively. Af Wåhlberg (9) analyzed the influence of temperature
on bus crashes in Sweden. Several other studies have focused on
drivers’ obedience to specific traffic rules and laws, such as safety
belt use (10) and red light violations (11).

Since the overwhelming majority of road crashes may be related
to human error (12) in which driver behavior is a primary determi-
nant (13), correcting drivers’ risky behavior is normally regarded as
an efficient way to improve safety. For this purpose, driving behavior
has been established as being associated with driver personalities,
risk-taking attitudes, and risk perception factors by several studies
(14–18). Particularly focusing on the drivers in public transportation,
Mirza et al. (19) investigated risky driving behavior of bus drivers
in Pakistan. Moreover, several studies have also been conducted to
relate driver personalities, attitudes, risk perception, risky driving
behavior, and crash involvement (20–22).

However, in China little has been done to comprehensively ana-
lyze the relationships among psychological factors (that is, attitudes
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Public transportation plays a key role in providing transport services for
the public in most cities of China. Safety is a top priority for improving
the level of services of public transportation. This study aims to identify
crash risk factors associated with demographic characteristics, driving-
related experiences, and aberrant driving behaviors of the drivers of
public transportation vehicles as well as to establish the influence of
risk perception, risk-taking attitudes, and risky driving behaviors. The
data used for analyses were obtained from a self-reported questionnaire
survey carried out among 248 taxi and bus drivers in Wuhan, China.
The results showed that drivers who both reported more tendencies
toward aggressive violations and ordinary violations and had previously
been involved in crashes were at high risk of crash involvement. More-
over, through the use of a structural equation model, it was found that
drivers’ attitudes toward rule violations and speeding significantly affect
risky driving behaviors. Two risk perception scales, likelihood of crash
and concern, have indirect effects on risky driving behaviors through
their influence on drivers’ attitudes toward rule violations and speeding.
The significant risk factors and influential paths identified in this study
are expected to result in better planning of road safety campaigns aimed
at the occupational drivers in public transportation.

Public transportation is very important in most cities of China because
of low rates of private car ownership. For example, as the biggest
city in central south China, Wuhan City had a population of about
9 million in 2008, but had only 300,000 privately registered vehi-
cles (1). The ratio of vehicles to population was only 3.3%. The vast
majority of residents have to travel regularly by public transportation
vehicles. Taxis and buses, as two main modes of public transportation,
play a key role in providing transport services for the public. In 2008,
Wuhan City had a total of 12,137 taxies and 6,104 buses in service,
which accounted for about 2.5% of the total registered vehicles (1).
Due to the passenger-transporting nature of public transportation,
safety is a top priority for improving the level of services.

The operational characteristics of public transportation vehicles
(that is, taxis and buses) and their occupational drivers are somewhat
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and risk perception), driving behavior, and crash involvement of
taxi and bus drivers. Most important, there is a dearth of understand-
ing about which specific attitudes and risk perception factors cor-
relate with drivers’ risky driving behavior. Hence, this study aims
to develop a comprehensive analysis for occupational drivers of
public transportation vehicles (that is, taxis and buses) with two
main objectives:

1. To identify which categories of aberrant driving behavior tend
to result in crashes and

2. To explore the influential paths from specific risk-taking
attitudes and risk perception to risky driving behaviors.

PRIOR RESEARCH ON ABERRANT DRIVING
BEHAVIOR, RISK-TAKING ATTITUDES, 
AND RISK PERCEPTION

To measure the dimensions of aberrant driving behavior, Reason et al.
(23) developed an instrument, namely, a driver behavior question-
naire (DBQ). The initial 50-item DBQ classifies aberrant driving
behavior into errors (failures of planned actions to achieve intended
consequences), lapses (unwitting deviation of action from intention),
and violations (deliberate infringement of some regulated or socially
accepted code of behavior). Subsequently, a 28-item version of the
DBQ further divided violations into ordinary violations and aggressive
violations (14, 24, 25). The DBQ has been generally applied and
shown to be useful in numerous countries (25–28).

With the use of survey data, several studies have been conducted to
associate attitudes with various risky driving behaviors (14–16, 29, 30).
To explore their relationships, models such as the theory of reasoned
action (31) and its extension, the theory of planned behavior (32),
have been frequently applied. The theory of reasoned action and
the theory of planned behavior models hypothesize that the influen-
tial effect from attitude to behavior is mediated through intended
behavior. To represent the theoretical framework of the models,
Bentler and Speckart (33) first applied a structural equation model
to determine the relationships between attitudes, intentions, and
behavior in a study of college students, and found that attitudes have
a direct effect on subsequent driving behavior without being mediated
by intentions. In the following studies, the structural equation model
has been increasingly applied in exploring the attitude–behavior
relationship among different driver groups, such as young drivers
(16) and general drivers (29, 30).

Risk perception is also related to driving behavior. Many studies
have found that risk perception is negatively associated with risky
driving behavior (34), which means that drivers with a higher level
of perceived risk for a particular behavior have less possibility of
taking part in that behavior. However, there is some controversy
about the effect. Several studies indicate that risk perception may
be a consequence, not a cause, of behavior (35). Moreover, some
researchers cast doubt on whether risk perception relates to behavior.
Ulleberg and Rundmo (16) did not find a significantly casual relation-
ship between risk perception and driving behavior when controlling
for attitudes. Since only two items were included within the perception
scale in Ulleberg and Rundmo’s study (16), Machin and Sankey
(18) doubted whether risk perception was adequately represented.
Hence, in their study four scales were employed to represent risk
perception; two specific scales were found to significantly affect
speeding behavior. Accordingly, it seems advisable to include spe-
cific risk perception scales in exploring the perception–behavior

relationship. With these applications, the structural equation model
was increasingly employed (16–18).

To fulfill the objectives of the present research, a DBQ was
employed to measure aberrant driving behavior. Measures about
drivers’ risk perception and risk-taking attitudes were incorporated
into the survey by adding relevant question items to the standard DBQ.
On the basis of previous research, the relationships between risk per-
ception, risk-taking attitudes, and driving behavior were investigated
and established for occupational drivers of public transportation.

METHOD

Research Strategy

A survey was conducted with the extended DBQ to collect the
information of demographics, risk perception, risk-taking attitudes,
and aberrant driving behavior among taxi and bus drivers in Wuhan,
China. To validate the survey approach, the internal consistency
of all the scales of risk perception, attitudes, and aberrant driving
behavior was first assessed with Cronbach’s alpha coefficients.
Second, the differences between the taxi and bus driver groups in the
scales of risk perception, attitudes, and aberrant driving behavior
were examined by applying one-way analysis of variance (ANOVA).
The step was used to determine whether the two driver groups
should be examined aggregately or separately. Third, the significant
factors affecting at-fault crash occurrence were identified from the
factors of drivers’ demographics, exposure, and aberrant driving
behavior by developing a binary logit model. At-fault crashes in this
analysis were determined when at least one human error was self-
reported. Analysis on at-fault crashes only is more helpful to reveal
the factors contributing to crash occurrence, while non-at-fault crashes
are generally used to measure driving exposure, such as in the
induced-exposure method (36). Finally, the influential paths from
risk perception and attitudes to the identified risky behavior scales
were explored by developing a structural equation model, and in
addition, the direct and indirect effects of risk perception and attitudes
on the behavior scales were estimated.

Measurements

The questionnaire used in this study consists of measurements for
drivers’ demographics, driving-related experiences, risk perception,
risk-taking attitudes, and aberrant driving behavior. While the 28-item
version DBQ was adopted for measuring aberrant driving behavior
(25), we designed additional items to measure risk perception and
risk-taking attitudes; these items are shown in Table 1.

The demographic part in the questionnaire includes driver’s age,
gender, driving experience (i.e., how long have you held a driving
license?), annual driving mileage, education level (i.e., have you
studied in high school?), at-fault crash history (i.e., have you been
involved in at-fault crashes more than 2 years ago?), and at-fault
crashes (i.e., have you been involved in at-fault crashes within the
recent 2 years?).

As shown in Table 1, risk perception was measured by three scales:
worry and insecurity (emotion-based risk perception); likelihood of
crash; and concern (cognition-based risk perception). These scales
have been applied by Rundmo and Iversen (17 ). In detail, the worry
and insecurity scale contains four items related to worrying about
traffic risk. The likelihood of crash scale consists of four items related
to assessing the possibility of crash for oneself and others in the future,
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and the concern scale includes two items related to the concern about
traffic risks and being victimized. For risk perception, the scales
for all the items ranged from “1: not possible/no concern at all” to
“5: very possible/concern.” A high score means that the driver
perceives high risk.

Risk-taking attitudes were measured with 16 items grouped with
three scales, conforming to prior research (29, 30). The three scales—
namely attitude toward rule violations and speeding, attitude toward
the careless driving of others, and attitude toward drinking and
driving—consisted of 11, three, and two items, respectively (see
Table 1 for details). Responses were given on a five-point scale from
“strongly disagree” to “strongly agree.” Five scores, 1 through 5,
were assigned to the items to ensure that a high score on an item
indicates low preferences for risk-taking in traffic.

Self-reported aberrant driving behavior was measured by the
28-item DBQ, which was categorized into four scales: aggressive
violations (three items), ordinary violations (nine items), errors
(eight items), and lapses (eight items). On the DBQ, respondents were
asked to assess, on a six-point scale from “1: never” to “6: all the
time,” how often they commit each of the question items. The mean
score of each scale was obtained in terms of the items within the
scale. A high score on a scale indicated a frequent occurrence of
the driving behavior.

Statistical Analysis

Cronbach’s Alpha Coefficients

Cronbach’s alpha is a coefficient of consistency that measures how
well a set of variables or items measures a single, unidimensional
latent construct (37 ). In this study, the alpha coefficient was applied
to evaluate the internal consistency of the risk perception, risk-taking
attitudes, and aberrant driving behavior scales. A Cronbach’s alpha
of .6 to .7 indicates acceptable reliability (38).

Analysis of Variance

The differences between two groups (taxi drivers taxi and bus drivers)
in risk perception, risk-taking attitudes, and aberrant driving behavior
were tested by applying one-way ANOVA. As a preliminary analy-
sis, variances of the two groups should be examined to establish
whether they are homogeneous. If so, the following analysis could
be conducted by using Student–Newman–Keuls or least-significant
difference test methods; otherwise, the method of Tamhane’s T2
is more suitable (39). Usually, a p-value above .05 indicates a
nonsignificant difference.

TABLE 1 Descriptive Statistics for Items Measuring Risk Perception and Attitudes

Measuring Item Mean SD

Risk Perception Scales

1. Emotion-based risk perception: worry and insecurity
1.1 Feeling unsafe that you yourself could be injured in a traffic crash? 2.63 1.002
1.2 Worried for yourself being injured in a traffic crash? 2.46 1.009
1.3 Feeling unsafe that persons could be injured in a traffic crash? 2.61 0.946
1.4 Worried for persons being injured in a traffic crash? 2.75 0.942

2. Cognition-based risk perception: probability assessment
2.1 How probable do you think it is for yourself to be involved in a traffic crash? 2.44 0.946
2.2 How probable do you think it is for yourself to be injured in a traffic crash? 2.39 0.959
2.3 How probable do you think it is in general for persons to be involved in a traffic crash? 2.96 1.069
2.4 How probable do you think it is in general for persons to be injured in a traffic crash? 3.07 1.035

3. Concern
3.1 How concerned are you about traffic risks and are thinking that you yourself could be victimized? 3.48 0.969
3.2 How concerned are you about traffic risks and are thinking that others could be victimized? 3.71 1.012

Risk-Taking Attitude Scales

1. Attitude toward rule violations and speeding
1.1 Many traffic rules must be ignored to ensure traffic flow. 1.80 1.002
1.2 It makes sense to exceed speed limits to get ahead of “Sunday drivers.” 1.98 0.969
1.3 Traffic rules must be respected regardless of road and weather conditions. 2.42 1.257
1.4 Speed limits are exceeded because they are too restrictive. 1.88 0.966
1.5 It is acceptable to drive when traffic lights change from yellow to red. 2.21 1.011
1.6 Taking chances and breaking a few rules does not necessarily make bad drivers. 2.04 0.999
1.7 It is acceptable to take chances when no other people are involved. 1.77 0.889
1.8 Traffic rules are often too complicated to be carried out in practice. 2.05 1.017
1.9 If you are a good driver it is acceptable to drive a little faster. 1.88 0.870
1.10 When road conditions are good and nobody is around driving at 160 km/h is OK. 1.44 0.766
1.11 Punishments for speeding should be more restrictive. 3.02 1.260

2. Attitude toward the careless driving of others
2.1 It is ok to ride with someone who speeds if that is the only way to get home at night. 1.69 0.802
2.2 It is ok to ride with someone who speeds if others do. 1.73 0.808
2.3 I do not want to risk my life and health by riding with an irresponsible driver. 2.89 1.427

3. Attitude towards drinking and driving
3.1 I would never drive after drinking alcohol. 2.24 1.360
3.2 I would never ride with someone I knew that had been drinking alcohol. 2.57 1.258

NOTE: All the items were measured on five-point Likert scales ranging from “strongly disagree” to “strongly agree.”



Logit Model

A binary logit regression model was applied to identify significant
factors affecting at-fault crash occurrence from occupational drivers’
demographics, driving-related experiences, and aberrant driving
behavior scales. Specifically, at-fault crash occurrence, represented
as a dummy variable (i.e., 1 denotes being involved in at-fault crashes,
and 0 denotes none), was specified as the response variable; other
factors (for example, aberrant driving behavior scales) were specified
as explanatory variables. The estimated parameter for an explanatory
variable can be interpreted as the additive effect on the log odds ratio
(OR) for a unit change in the variable (40). A large OR (>1) indicates
that when the explanatory variable increases the driver is more likely
to be involved in at-fault crashes, while a small OR (<1) means a
smaller possibility of being involved in at-fault crashes when the
explanatory variable increases.

Structural Equation Model

A structural equation model, as a confirmatory technique, was used to
explore the causal relationships between risk perception, risk-taking
attitudes, and risky driving behavior by using the LISREL 8.7 program
(41). It is expected that drivers’ perception of risk could influence
their attitude (42), while risk perception and attitude could have
effects on behavior (18, 30). Hence, a structural equation modeling
analysis was performed to explore a conceptual path model with
three-level influential paths from risk perception to attitudes, and
then to risky driving behavior. The direct effects of risk perception
on attitudes were also considered. Accordingly, the scales of risk
perception were specified as exogenous variables in the structural
equation model, while the scales of risk-taking attitudes and risky
driving behavior were specified as endogenous variables.

The significance of influential paths can be tested by t-value. A
t-value above 1.96 or under −1.96 indicates a significant path. Some
commonly used fit indices are applied to measure the model fitting
to the data: the root mean square error of approximation (RMSEA),
the goodness-of-fit index (GFI), the adjusted goodness-of-fit index
(AGFI), and the comparative fit index (CFI). An RMSEA of 0.08 or
less and a GFI, an AGFI, and a CFI above 0.90 indicate a good
model’s fit (43).

DATA

The survey was carried out among occupational drivers working for
a taxi company and a bus company, which are the two largest public
transportation providers in Wuhan City. A total of 350 questionnaires

were sent out to the drivers who attended a routine meeting in each
company. Before the survey, a preliminary introduction of the survey
purpose was presented in order to ensure the validity of data. In the
end, 162 and 180 questionnaires were received from the two com-
panies, respectively. After excluding those lacking answers to the
majority of the questions, a respective 120 and 128 valid question-
naires remained. The summary statistics of the demographics for the
248 respondent drivers are shown in Table 2. All the scales of risk
perception, attitudes, and driving behavior were obtained by summing
the scores on the items within each scale.

As shown in Table 2, the remaining 248 respondents were mainly
male (94%), between 31 and 50 years old (81.5%), and had an average
mileage of 88.4 thousand kilometers per year. Of these, 97% had more
than 5 years driving experience, 83% did not receive a high school
education or higher, 16% were involved in at-fault crashes more
than 2 years ago, and 21% were involved in at-fault crashes within
the recent 2 years.

RESULTS

Reliability Analysis

The internal consistency, number of items, means, and standard
deviations for all the scales of risk perception, risk-taking attitudes,
and aberrant driving behavior are listed in Table 3. It shows that, at
a 0.6 to 0.7 level, the reliability of the scales is generally acceptable
and thus confirms that the survey approach is valid. Exceptionally,
the Cronbach’s alpha coefficients for careless driving of others and
drinking and driving are less than 0.6. A probable explanation is that
both scales consist of few items (16).

Examination of Differences in Scales

With all the measures of risk perception, attitudes, and aberrant driving
behavior as the dependent variables and driver group (1 denotes taxi
drivers; 2 denotes bus drivers) as the fixed factor, the Levene’s test
for homogeneity of variances indicated that the four measures of
driving behavior did not satisfy the assumption of homoscedasticity
(p-value < .05). Hence, the Tamhane’s T2 test was used to analyze
the differences of the behavior measures between the two groups.
The results of one-way ANOVA for all the scales are listed in Table 4.
At a 0.05 level, it was found that all the scales of risk perception,
attitude, and driving behavior were not significantly different across
the taxi and bus driver groups. Hence, the survey data related to
taxi and bus drivers were investigated aggregately in the following
analyses.

TABLE 2 Descriptive Statistics for Demographics of Respondent Drivers

Variable Mean SD Min. Max.

Driver age (1 if ≤ 30; 2 if 31–50; 3 if >50) 1.95 0.43 1 3

Gender (1 if male; 2 if female) 1.06 0.24 1 2

Annual mileage (in ten thousand kilometers) 8.84 3.46 3 20

Driving experience (1 if ≤ 5 years; 2 if > 5 years) 1.97 0.18 1 2

Education level (1 if not having high school education experience or higher; 2 if others) 1.17 0.38 1 2

At-fault crash history (1 if being involved in crashes more than 2 years ago; 0 if none) 0.16 0.37 0 1

At-fault crash within recent 2 years (1 if being involved in at-fault crashes; 0 if none) 0.21 0.41 0 1
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Risk Factor Analysis

Eleven factors, including four aberrant driving behavior scales and
seven factors related to drivers’ demographics and driving-related
experiences, were used as explanatory variables in the logit model.
To make the coefficients of driving behavior scales comparable, the
total scores were standardized by the number of items.

The Wald forward stepwise method was employed to identify sig-
nificant variables, and it was found that three explanatory variables
were finally kept in the model. Within these variables, the variable
of aggressive violation behavior entered the model first, followed by
the variable of at-fault crash history; the last variable entered was
ordinary violation behavior. Table 5 shows the estimation results.

The OR is presented in Table 5 as Exp(β). The OR calculated for
the variable of at-fault crash history is 5.21, meaning that the odds
of at-fault crash involvement would increase by 421% for the drivers
who had been involved in a crash more than 2 years ago compared
with those who had not been involved. Moreover, among the behavior
factors, the OR calculated for aggressive violation behavior is 2.64,
meaning that when the score on the factor increases by one unit, the
odds of at-fault crash involvement would increase by 164%. Similarly,
when the score on the factor of ordinary violation behavior increases
by one unit, the odds of at-fault crash involvement would increase
by 134%.

Influential Path Analysis

The two factors of risky driving behavior identified in the logit
model, aggressive violation and ordinary violation behaviors, were
further investigated to explore which specific scales of risk perception
and attitudes have significant effects on them.

In the initial structural equation model, all the scales of risk
perception (three scales) and attitudes (three scales) were related to
the two risky driving behaviors. Specifically, the initial paths include
those (a) from the risk perception scales to the risk-taking attitude
scales, (b) from the risk perception scales directly to the risky driving
behavior scales, and (c) from the attitude scales to the risky behavior
scales. The proposed model was fitted iteratively. It was found that
the influential paths from attitude toward the careless driving of
others and attitude toward drinking and driving to both of the risky
driving behavior scales were not significant (t-values were between
−1.96 and 1.96); hence the two attitude scales were dropped from
the model. The worry and insecurity scale was also eliminated due
to the nonsignificant paths from itself to attitude toward rule violations
and speeding and to both of the risky driving behavior scales. The
final model with standardized path coefficients is presented in
Figure 1. The model explained 31% and 36% of total variance in
aggressive and ordinary violation behavior, respectively. The fit
statistics for the final model indicated that it is a good fit to the
data: χ2 = 5.38, degrees of freedom = 5, GFI = 0.99, AGFI = 0.97,
CFI = 1.00, and RMSEA = 0.018.

As shown in Figure 1, it was found that the attitude toward rule
violations and speeding scale was the only variable with a directly

TABLE 3 Descriptive Statistics and Cronbach’s Alpha 
for All Scales

Number Mean Cronbach’s
Measure of Items (Range 1–5) SD Alpha

Risk Perception Scales

Worry and insecurity 4 2.61 0.79 .82

Likelihood of crash 4 2.71 0.76 .75

Concern 2 3.60 0.86 .67

Risk-Taking Attitude Scales

Rule violations and 11 2.04 0.59 .82
speeding

Careless driving of 3 2.10 0.66 .43
others

Drinking and driving 2 2.41 1.06 .48

Aberrant Driving Behavior Scales

Aggressive violations 3 1.78a 0.74 .76

Ordinary violations 9 1.75a 0.65 .88

Errors 8 1.70a 0.65 .87

Lapses 8 1.70a 0.63 .87

aRange 1–6.

TABLE 4 Analysis of Variance for Risk Perception, Attitudes, 
and Driving Behavior

Mean Square

Between Within
Measure Group Group F-Value p-Value

Risk Perception Scales

Worry and insecurity 0.03 9.93 <.01 .96

Likelihood of crash 33.31 9.16 3.64 .06

Concern 2.64 2.94 .90 .35

Risk-Taking Attitude Scales

Rule violations and 6.73 42.2 .16 .69
speeding

Careless driving of others 1.54 3.94 .39 .53

Drinking and driving 0.29 4.54 .06 .80

Aberrant Driving Behavior Scales

Aggressive violations 2.19 4.92 .45 .51

Ordinary violations 10.92 34.15 .32 .57

Errors 1.63 27.36 .06 .81

Lapses 46.52 25.40 1.83 .18

Degree of freedom 1
between groups

Degree of freedom 246
within groups

TABLE 5 Significant Risk Factors Affecting At-Fault 
Crash Occurrence

Variable β Wald Exp(β) p-Value

Constant −5.12 58.59 0.01 <.001

At-fault crash history
Involvement 1.65 14.99 5.21 <.001
Noninvolvementa — — —

Aggressive violation behavior 0.97 6.94 2.64 .008

Ordinary violation behavior 0.85 3.91 2.34 .048

aReference in categorical variable.



significant effect on both the risky driving behavior factors, while
the likelihood of crash and concern scales had an indirect effect
on the behavior factors mediating through the attitude toward rule
violations and speeding scale. Based on the standardized path
coefficients estimated, the direct and indirect effects of the two risk
perception scales and the one attitude scale on both the risky driving
behavior factors were calculated. The results, shown in Table 6,
show that on both behavior factors of aggressive violation and
ordinary violation, the attitude toward rule violations and speeding
scale has positively direct effects of 0.55 and 0.60, respectively,
which means that when the measure of the attitude scale increases
by one unit, measures of the aggressive violation and ordinary vio-
lation behaviors would increase by 0.55 and 0.60 units, respectively.
Moreover, it was also found that on the two violation behavior fac-
tors, the scale of likelihood of crash has indirect effects of 0.17 and
0.19, and the risk perception scale of concern has indirect effects of
0.20 and 0.22, respectively.

DISCUSSION OF RESULTS

Anonymous questionnaire surveys can help to collect reliable
information about driving behavior as well as about risk perception
and risk-taking attitudes among the occupational drivers of this
analysis. The DBQ has been widely used in measuring self-reported
driving behavior. The internal consistency of the four behavior
scales developed in this study is acceptable, which is consistent with
several studies aimed at general public drivers (14, 25). Moreover,
similar to previous research in investigating risk perception (17) and

risk-taking attitudes (30), the related scales also have acceptable
reliability in this study.

Although the taxi and bus drivers were from two different trans-
portation companies, in this study no significant differences were
found between them regarding the scales of risk perception, attitudes,
and driving behavior on the basis of ANOVA results. This may be
expected for two reasons. First, the two companies have similar
systems in safety administration for occupational drivers, such as
regular traffic-safety training and daily work-quality assessments.
Second, both the taxi and bus drivers are in the same traffic context,
that is, they experience the traffic enforcement intensity, public
consciousness of traffic safety, and so forth.

Of the four aberrant driving behaviors, only violation behavior
factors (aggressive violations and ordinary violations) were found to
significantly affect at-fault crashes within the recent 2 years. Previous
studies also show that drivers who report higher levels of violations
during the course of their driving tended to be overrepresented in
crash involvement (13, 30, 44). This finding suggests that a powerful
intervention in the taxi and bus drivers’ commission of violations
would be an effective means to reduce their risks of being involved
in at-fault crashes. In addition to the behavior factors, at-fault crash
history is the only significant factor affecting crash occurrence. This
finding implies that the taxi and bus drivers who had previously been
involved in at-fault crashes may have higher crash risk in future.

As an exposure to crash risk, annual mileage was not found to be
associated with crash involvement, which conforms to a study on
truck drivers (44). This may be due to the fact that the taxi and bus
drivers have a relatively high and approximately uniform annual
mileage compared with general drivers. Sullman et al. (44) argued
that there may be a threshold level of annual mileage, beyond which
the effect of increasing exposure on crash risk would be negligible.

Low education level was not found to have a significant influence
on crash rates reported. The result is consistent with previous studies
(22, 45, 46). Although several studies have also found that drivers
who were young, male, or had less driving experience, or some
combination of these factors, were more likely to be involved in
crashes (23, 44), this study did not find similar results. This may be
due to the fact that the occupational drivers were almost exclusively
male (94%), middle-aged (81.5%), and experienced (97% with 5-year
driving experience).

Among the scales of risk-taking attitudes, drivers’ attitudes toward
rule violations and speeding was the only scale having direct influ-
ence on both of the risky driving behavior scales. The attitude scale
accounted for 31% and 36% of the total variance in aggressive
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FIGURE 1 Path diagram of relationships among risk perception, attitudes, and risky driving
behavior (n � 248; �2 � 5.38; degrees of freedom � 5; GFI � 0.99; AGFI � 0.97; 
CFI � 1.00; RMSEA � 0.018).

TABLE 6 Effects of Perception and Attitude-Related Scales 
on Risky Driving Behavior

Aggressive Ordinary
Violation Violation

Variable Direct Indirect Direct Indirect

Risk Perception Scales

Likelihood of crash — 0.17 — 0.19

Concern — −0.20 — −0.22

Risk-Taking Attitude Scales

Rule violations and speeding 0.55 — 0.60 —

Ma, Yan, Huang, and Abdel-Aty 77



78 Transportation Research Record 2145

violation and ordinary violation, respectively. This finding indicates
that the taxi and bus drivers who have a relatively high level in this
specific attitude related to violations of traffic rules and speeding
(e.g., “speed limits are exceeded because they are too restrictive” or
“if you are a good driver it is acceptable to drive a little faster”) tend
to commit aggressive violation and ordinary violation behaviors.
Hence, a meaningful intervention would be to target this specific
attitude for changing risky driving behavior. Iversen (30) also
identified that this specific attitude is most important in relation to
risky driving behavior.

Risk perception was not found to have direct effects on risky
driving behavior. This result conforms to several previous studies (16).
However, two specific scales of risk perception, likelihood of crash
and concern, were found to have indirect effects on risky driving
behavior through their influence on drivers’ attitude toward rule
violations and speeding. Within the effects identified, it may be
plausible that likelihood of crash has a positive influence on risky
driving behavior. To explain a similar finding, Machin and Sankey
(18) argued that drivers who take more risky driving behavior may
also think of themselves as at high risk of crashes, and therefore the
perception factor of likelihood of crash may be a consequence of
risky driving behavior.

As the other significant scale related to risk perception, concern
has a negatively indirect influence on risky driving behavior. McKenna
and Horswill (47) also found concern made a significant contribution
to the prediction of risky driving behavior. This finding shows that
taxi and bus drivers who lack concern on traffic risks and injuries
tend to be involved in crashes. Hence, this study suggests that more
attention should be paid to the risk perception scale of concern when
trying to change the risky driving behavior of taxi and bus drivers.

Since risk perception, risk-taking attitudes, and risky driving
behavior were measured at the same time in this study, it may be
problematic to claim that risk perception and attitudes could predict
behavior. However, as self-reported driving behaviors have been
proved to be relatively stable over time (16, 30), it is rational to
assume that the current driving behavior makes a reliable indicator
of future behavior. Hence, the relationship established among risk
perception, attitudes, and current driving behavior could shed light
on the correction of future risky driving behavior and thus improve
the safety of public transportation drivers.

CONCLUSION

This study aims to identify significant factors affecting the safety of
occupational drivers in public transportation (i.e., taxi and bus) and
to establish the influential paths from risk perception and risk-taking
attitudes to risky driving behavior. Preliminary analyses showed that
all the scales of risk perception, risk-taking attitudes, and aberrant
driving behavior have acceptable reliability. Moreover, there is no
significant difference found between taxi and bus drivers regarding the
scales. Hence, a research strategy of aggregate analysis was employed
without distinguishing between taxi and bus drivers.

With respect to the significant factors affecting at-fault crashes,
two violation behaviors (aggressive violations and ordinary violations)
were identified as having a positive influence on at-fault crash
occurrence. Moreover, it was found that drivers with a crash history
are more prone to future crashes. In the structural equation model
developed, three scales related to risk perception and risk-taking
attitudes were found to have significant effects on risky driving
behavior. Among these, only the specific attitude scale of attitude

toward rule violations and speeding has a direct effect on risky driving
behavior, while two scales of risk perception (likelihood of crash
and concern) have indirect effects on risky driving behavior through
their influence on the attitude toward rule violations and speeding.
The results indicate that drivers with a lack of concern about traffic
risks and with positive attitudes toward rule violation and speeding
tend to be at high risk of crashes.

To sum up, these findings suggest that there is a need to focus on
specific aspects of risk perception and attitudes in the planning of
road safety campaigns aimed at public-transportation occupational
drivers. Specifically, more driver education programs related to bad
influences on and consequences of traffic crashes may be expected
to reinforce drivers’ concern about traffic risks. Moreover, to change
drivers’ attitudes toward rule violations and speeding, many education
efforts may be conducted to emphasize the importance of obeying
traffic rules and the strong relationship between rule violations and
crash risks.

The use of self-reports would seem to be a problem if there
were a large variance between self-reported information and actual
data. However, various studies have reported good agreements
between self-reported behavior and observed driving behavior (48)
and between the crash rates reported and actual ones (49). Moreover,
the participants would report minor crashes probably not recorded
in official databases and hence may be more complete than official
records. The combined use of self-reported and police-reported
crash records may be recommended in future studies to address the
crash-underreporting concern.
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