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Abstract: In order to clearly understand the risky riding behaviors of electric bicycles (e-bikes) and
analyze the riding characteristics, we review the research results of the e-bike risky riding behavior
from three aspects: the characteristics and causes of e-bike accidents, the characteristics of users’
traffic behavior, and the prevention and intervention of traffic accidents. The analysis results show
that the existing research methods on risky riding behavior of e-bikes mainly involve questionnaire
survey methods, structural equation models, and binary probability models. The illegal occupation
of motor vehicle lanes, over-speed cycling, red-light running, and illegal manned and reverse cycling
are the main risky riding behaviors seen with e-bikes. Due to the difference in physiological and
psychological characteristics such as gender, age, audiovisual ability, responsiveness, patience when
waiting for a red light, congregation, etc., there are differences in risky cycling behaviors of different
users. Accident prevention measures, such as uniform registration of licenses, the implementation of
quasi-drive systems, improvements of the riding environment, enhancements of safety awareness
and training, are considered effective measures for preventing e-bike accidents and protecting the
traffic safety of users. Finally, in view of the shortcomings of the current research, the authors point
out three research directions that can be further explored in the future. The strong association rules
between risky riding behavior and traffic accidents should be explored using big data analysis.
The relationships between risk awareness, risky cycling, and traffic accidents should be studied
using the scales of risk perception, risk attitude, and risk tolerance. In a variety of complex mixed
scenes, the risk degree, coupling characteristics, interventions, and the coupling effects of various
combination intervention measures of e-bike riding behaviors should be researched using coupling
theory in the future.
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1. Introduction

In recent years, electric bicycles (e-bikes) became the best choice for daily travel of some residents
in large and medium-sized cities in China due to their low price, convenience, and flexibility. Unlike in
North America and Europe, e-bikes are the main traffic mode in many of China’s major cities and are
used primarily for commuting rather than simply for leisure. According to the statistics of the Chinese
cycling association [1], in 2017, the total number of e-bikes in China was 250 million, the output of
e-bikes was 30.97 million, and the export was 7.301 million, with an export value of $1.44 billion.
In Nanning, Haikou, Kunming, Guilin, and other cities, e-bikes far outnumber bicycles; Nanning has
more than 1.8 million e-bikes [2], which is known as “the city of electric bicycles”, due to it having the
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largest number of e-bikes in the country. Therefore, e-bikes are currently one of the most important
means of commuter transportation [3].

Despite the obvious advantages, the rapid growth of e-bikes also causes a series of safety problems.
Like traditional bicycles and pedestrians, e-bikes also belong to the category of vulnerable groups
on the road. Due to their fast speed, e-bikes have more serious accident risks. According to the
statistical annual report of China’s road traffic accidents in 2015, the number of e-bike accidents was
8.2 times larger than that of bicycle accidents and 5.4 times larger than that of pedestrian accidents [4].
From January to June 2016, the number of e-bike accidents accounted for nearly 70% of the total number
of accidents in Jiangsu Province [5]. The hospital data are not optimistic either. The hospitalization
records of e-bike users in Hefei from 2009 to 2011 show that one-third of e-bike users were seriously
injured [6]. According to the hospitalization records of Suzhou from October 2010 to April 2011,
the number of injured e-bike users accounted for 57.2% of the rate of road traffic hospitalization [7].
In addition to the severity of accidents, the number of e-bike accidents also shows a trend of continuous
growth. According to the statistical data [8], the numbers of e-bike traffic accidents in 2011 and
2016 were 10,347 and 17,747, respectively, and the number of deaths increased by 71.52% in the five
years. The numbers of e-bike injuries were 11,381 and 19,678, respectively, increasing by 72.90%.
Based on the cases of injuries or casualties of two-wheeled vehicles in five cities in China from July
2011–June 2016, electric bicycle accidents were a common type of two-wheeled vehicle accidents in
China, accounting for 34.79% of the total number. Among these accidents involving electric bicycles,
those causing minor injuries to the riders accounted for 70.0%, while the proportion of serious injuries
was 12.6%, and the proportion of deaths was 10.6% [9]. Due to the frequent occurrence and severity of
e-bike accidents, cities like Guangzhou, Shenzhen, Wenzhou, and Fuzhou banned or restricted the
use of e-bikes [6]. At the same time, in terms of national laws and regulations, relevant provisions
were also formulated to restrain illegal behaviors. For example, Article 70 of the regulations for the
implementation of the road traffic safety law of the People’s Republic of China stipulates that “when
riding a bicycle, an electric bicycle, or a tricycle and crossing a motor vehicle lane on a road, the rider
should get off the vehicle and carry it. If there is no crosswalk or pedestrian crossing facilities, or if it is
inconvenient to use them, the rider should go straight through after confirming safety.”

Numerous studies showed that human factors, especially the behavior of e-bike users (Figure 1),
are important in most traffic accidents, as is the case with e-bikes. Figure 1 shows the keyword
co-occurrence network of e-bike safety studies, in which we found that previous studies mainly focused
on behavior, safety, risk, crashes, choice, and so on. E-bike traffic violations mainly involve a violation
of traffic signals, a violation of regulations on manned vehicles, a failure to drive in non-motorized lanes,
adverse driving, etc. [10]. For example, Zhang et al. [11] found that the violation of traffic signals by
e-bikes is one of the main causes of road traffic accidents, accounting for 54.18% of the total accident data.
Cherry and Du et al. [12,13] analyzed the violations of e-bike users and found that red-light running,
over-speeding, and overloading were the main causes of road traffic accidents. Demographic variables,
social cognition, and other factors of e-bike users are also closely related to the occurrence of traffic
accidents. Hu et al. [6] analyzed the influencing factors of e-bike accidents and found that age, gender,
and vehicle type had a significant impact. Yao and Wu [14] established the relationship between safety
attitude, risk perception, and violations of e-bike users, and the results showed that both gender and
driving experience had a significant impact on e-bike accidents. Papoutsi et al. [15] analyzed the
age, gender, accident time, and accident cause of e-bike users using the accident data of a hospital
in Switzerland. Guo et al. [16] found that e-bikes are more likely to be involved in red-light running
than ordinary bikes. Zhou et al. [17] empirically analyzed the significant factors affecting accidents
involving e-bikes and the use of license plates, and found that the use of license plates on e-bikes
reduced the possibility of accidents. Guo et al. [18] found from a model comparison analysis that
the cyclist’s gender, cycling behavior, type of e-bike, speed limit, and other factors had a significant
impact on the severity of e-bike collisions. Based on the previous studies, the visualization of risky
riding behaviors of e-bikes can be found through collaboration network analysis, as shown in Figure 2.
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In Figure 2, each node represents an author or an organization, and the node sizes indicate the number
of published papers. The links between nodes represent the collaborations, whereby the greater width
of a link represents a closer collaboration. Specifically, the citation network among productive authors
is shown in Figure 2a, the co-authorship network among productive authors is shown in Figure 2b,
and the collaboration network among research institutions is shown in Figure 2c.
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With the increasing attention paid to the problems discussed above, it is urgent to better understand
the risky riding behavior of e-bikes and the physiological and psychological characteristics of e-bike
users, so as to reduce the accident rate and improve the safety awareness of e-bike users. At the same
time, on the basis of studies on the risky riding behavior of e-bikes, it is of great significance to improve
road traffic safety and reduce traffic accidents by further analyzing the traffic accident characteristics
and traffic accident causes of e-bikes.

2. Analysis of Risky Riding Behavior Characteristics and Influencing Factors of E-Bikes

2.1. Data Acquisition and Analysis Methods

1. In terms of data collection of risky riding behavior of e-bikes, questionnaire survey methods [19–25]
and video collection methods [26–28] are mainly adopted. The questionnaire in the questionnaire
survey method was designed based on previous studies on the driving behavior of mopeds,
motorcycle users, and automobile drivers. Most of the used items were selected from the
moped user behavior questionnaire designed by Steg et al. [19], the motorcycle driver behavior
questionnaire designed by Elliott et al. [20], and the Chinese cycling behavior questionnaire
designed by Xie and Parker [21]. In the questionnaire design, the items which applied to e-bike
users or which could be modified were retained, while the rest were discarded, and new features
of e-bike riding were added. Respondents were asked to rate the frequency of each ride behavior
on a five-point Likert scale, ranging from “never” (1) to “almost always” (5). Several typical e-bike
users were pre-tested, and the questionnaire was revised according to their feedback to improve
the clarity and readability.

The questionnaire survey approach is widely used in traffic safety research to gather information
such as driving behavior, safety attitude, and risk perception [17,19–24]. For example, Yao and Wu [14]
studied the risk factors affecting the participation of e-bike users in accidents based on the questionnaire
survey method, and determined the relationship between safety attitude, risk perception, and abnormal
riding behavior. The survey included 603 e-bike users in Beijing and Hangzhou. The results showed
that gender and driving experience were significantly related to traffic accidents. Men were more likely
to have accidents than women, and cyclists with a driver’s license were less likely to have accidents
than those without one. The study also found that two types of abnormal cycling behaviors, errors
and aggressive behavior, were important factors in predicting traffic accidents. In order to study the
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mechanism and cause of electric bicycle collisions, Hertach et al. [29] used logistic regression model to
analyze the questionnaire data of 3659 Swiss e-bike riders. It was found that about 17% of electric bike
riders had traffic accidents. The types of accidents mostly involved slipping, falling when crossing the
threshold, and slipping when entering a tram/railway. The causes of accidents included the road being
too slippery, the riding speed being too fast, a loss of balance while riding, etc. In order to understand
the awareness, cycling behavior, and legislative attitude of e-bike riders and non e-bike road cyclists
in Tianjin, Wang et al. [30] conducted comparative analysis and research on the two types of cyclists
through a large number of questionnaire surveys and interviews. The results showed that 74.2% of
e-bike riders thought it was necessary to wear helmets, and 54.7% of e-bike riders thought windshield
installation was wrong, which was higher than other road users (49.1% and 48.4%, respectively).
However, in field surveys, e-bike rider awareness of various violations lagged far behind what is right.
Guo et al. [31] investigated and interviewed 884 e-bike riders in Nanjing to study the influencing factors
of e-bike registration in China. The results showed that registration was influenced by gender, age,
education, driving license, family car ownership, family income, and electric bicycle travel frequency.

Reason et al. [25] proposed a logical framework to evaluate abnormal driving behavior,
and designed the driving behavior questionnaire (DBQ) to distinguish three types of behavior:
error behavior (planned action failed to achieve expected result), failure behavior (action intention
deviation), and irregularity behavior (deliberately deviating from the normal safety behavior or a
socially accepted code of conduct for violations). A modified version of DBQ was also used to study
the unusual behavior of two-wheeled vehicles users, such as motorcycle users and moped users.
Elliott et al. [20] developed a motorbike driver behavior questionnaire and found differences in traffic
errors, control errors, speed violations, stunts, and the use of motorcycle safety equipment in the United
Kingdom (UK). Steg and Brussel [19] developed a questionnaire on the behavior of moped users and
verified the difference between errors, faults, and violations of moped users in the Netherlands.

The video collection method involves the use of electronic monitoring equipment on the road to
observe and collect statistics on the riding behavior and user characteristics of e-bike users, resulting
in a relatively rich amount of data collection. Zhou et al. [10] used the “global eye” network video
monitoring technology of China telecom to obtain real-time video data of e-bikes in Ningbo, analyzed
the main factors affecting the endurance time of e-bikes, and concluded that the weather, crossroad,
and the presence of traffic police had the largest influence. Du [13] observed 18,000 e-bike users at the
intersection of Suzhou and summarized risky riding behaviors. Konstantina [26] observed 90,000 e-bike
users at six monitoring points in Iowa, and studied the influence of road conditions, geographical
location, weather conditions, and other factors on the use of helmets. Truing [27] observed 26,000 users
of motorcycles and e-bikes, and obtained a correlation between the use of mobile phones while riding
and factors such as vehicle type and age. Huan et al. [28] used video monitoring data of intersections
to build a model to analyze the influence factors of waiting time of e-bike users and red-light running
behavior at intersections, and found that a lower number of e-bike users or a higher number of motor
vehicles at an intersection resulted in a lesser likelihood of users exhibiting red-light running behavior.

2. Structural equation models (SEMs) and bivariate probit (BP) models are mainly adopted in the
analysis of risky riding behavior data of e-bikes. Before the construction of an SEM or BP model,
the data from questionnaire surveys should be tested.

The process of data inspection was composed of three parts. Firstly, exploratory and confirmatory
factor analysis was performed to examine the basic dimensions and structures used to detect abnormal
cycling behavior in the questionnaire design. Several fitting indexes are usually used, including
approximate root-mean-square error (RMSEA), goodness-of-fit index (GFI), adjusted goodness-of-fit
index (AGFI), and comparative fitting index (CFI). When the fitting degree of the model is checked,
it is required that the RMSEA is lower than 0.08 and the GFI is greater than 0.90, while the AGFI and
CFI should indicate a good match between the model and data [32]. Cronbach’s alpha is a consistency
coefficient used to measure the homogeneity of items in a single dimension, that is, to evaluate the
reliability and internal consistency of scales describing abnormal cycling behavior, safety attitude,
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and risk perception. According to Nunnally’s standard [33], a value of equal to or greater than
0.7 indicates acceptable reliability.

Secondly, correlations and differences were analyzed. A cycling behavior scale was established to
check whether the respondents involved in traffic accidents in the report were significantly different
based on demographic variables, risk perception, safety attitude, and abnormal cycling behavior.
For univariate analysis, the chi-square test was used for classification variables, and univariate analysis
of variance was used for continuous variables. For multivariate analysis, a binary logistic regression
model was used to identify factors significantly associated with participants involved in the accident.

Thirdly, the SEM model was built to explore the causal relationship between safety attitude,
risk perception, and abnormal cycling behavior using AMOS 17.0 software (SPSS Inc, Chicago, IL,
U.S.A.). The two-step program for the SEM model was recommended by Anderson and Gerbing [34].
Firstly, a confirmatory factor analysis was used to evaluate the SEM model and the measurement
models of safety attitude, risk perception, and abnormal riding behavior subscales, as well as their
fitting degree with their respective potential structures. Secondly, the statistical acceptability of
the SEM model was tested, and the maximum-likelihood function estimation model was adopted.
The commonly used fitting indexes for inspection [12] of RMSEA, GFI, AGFI, and CFI were used for
the fitting of the measurement model.

Several results emerged in the literature based on the above operation steps. For example, based
on the SEM model, Yao and Wu [14] found that both safety attitude and risk perception significantly
affected abnormal riding behaviors of e-bikes. Guo et al. [35] designed a bivariate probability (BP)
model to check the important factors related to the collision of e-bikes and the license plates of e-bikes,
and considered the correlation between them. The marginal effect of contribution factors was calculated
to quantify their effect on the results. The results showed that gender, age, education level, driving
license, family car, experience of using e-bikes, compliance with law, and active driving behavior of
e-bike users had a significant influence on e-bike accidents and license plate use. In addition, the type
of e-bike, frequency of e-bike use, impulsive behavior, degree of riding experience, and risk perception
scale were found to be related to collisions involving e-bikes. This further confirms the previous
research conclusion of Yao and Wu [14] that the probability of traffic accidents of e-bike users with a
high risk perception is relatively low.

2.2. Characteristics of Risky Riding Behavior

E-bike riding is affected by various risk factors, which include users, vehicles, roads and the
environment, management, and other aspects [36], as shown in Table 1.

Table 1. Influencing factors of electric bicycle (e-bike) risky riding behavior.

Influencing Factor Factors Set

Rider factors
Age, gender, education level, health status, personality characteristics,
traffic safety awareness, cycling behavior, cycling technology,
decision-making ability

Vehicle factors Braking performance, steering performance, comfort

Road and environmental factors
Traffic flow volume, speed, width of non-motorized lane, form of road
section, condition of road surface, conflict interference type, weather
conditions, artificial environment

Management factors Risk management, organization, risk perception, communication

Other factors [37] Alcohol, drugs, social norms, confidence

E-bike users have many risky riding behaviors in the process of riding. For example, Brian et al. [38]
studied the riding behavior of e-bikes and found that the violation rate of e-bikes was relatively high,
and the risky cycling behaviors that caused the violation mainly included not riding in the right



Int. J. Environ. Res. Public Health 2019, 16, 2308 7 of 18

direction, over-speeding, traffic conflicts with other road participants, and waiting for the signal light
at the intersection. Zhao Ming et al. [39] conducted a four-day traffic survey in Jinhua to study the risky
riding behaviors of e-bike users. The results showed that over-speeding, manned riding, red-light
running, and driving in reverse were the main risky riding behaviors of e-bike users. Du et al. [13]
researched electric bicycle riding behavior and found that there were some risky riding behaviors such
as carrying passengers during the riding, taking up lanes, driving through a red light, reverse cycling,
and making phone calls. They also found that the number of male users was proportional to the use of
helmets and taking up motor vehicle lanes, while the e-bike having a plate was closely related to the
behavior of carrying a person or cargo. Miao et al. [40] studied non-motor vehicle users’ risky behavior
and found that non-motor vehicle users mainly had behaviors such as occupying the lanes [41], riding
side by side in non-motor vehicle lanes, being close to large vehicles riding on the right side, forcing
in front of large vehicles when turning right, weaving, drunk riding, over-speeding, and riding in
a closed road. In addition, non-motor vehicles also generate a series of risky riding behaviors due
to the “exceeding standard” of non-motor vehicles and the wet and slippery road surface through
intersections or highway exits on rainy and snowy days. Wang [42], Jia [43], and Jiang and Li [44]
found through investigation that cyclists’ risky riding behaviors in the process of cycling included
speeding, illegal turning, reverse driving, encroaching on motor vehicle lanes and sidewalks, running
red lights, forced overtaking, sudden parking or turning, and non-compliance with regulations.

On the basis of statistical analysis of accident data and causes, Ren [37] gave 12 kinds of risky
riding behaviors, and the score of unsafe behaviors is shown in Figure 3. As can be seen from Figure 3,
a lower score of unsafe behaviors of cyclists is correlated with a higher frequency of those behaviors,
indicating that the traffic accidents and safety hazards of such behaviors are greater. It can be found
from Figure 1 that the two unsafe cycling behaviors, manned riding and illegal occupation of motor
vehicle lanes, have the highest probability of traffic accidents.
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There is a conflict between e-bikes and other road participants at intersections. Many scholars
studied the waiting behavior of cyclists at intersections. Guo et al. [15] analyzed the red-light riding
behavior of non-motor vehicles at signalized intersections and found that e-bike users were more likely
to run the red light than ordinary bikes. Xu et al. [45], in studying the characteristics of the illegal
behaviors of mopeds at intersections, pointed out that the illegal behaviors included red-light running,
driving in the opposite direction, occupying the motorcycle lane, illegal waiting, and illegal manning or
objects. Liu [46], Zhao [47], and Huan Mei et al. [48,49] concluded from previous studies that running
a red light was the most serious risky cycling behavior at signalized intersections. Yang et al. [50]
studied the traffic light waiting behavior of traditional bicycle users and electric bicycle users at
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intersections, and found that the probability of cyclists running a red light was proportional to the
waiting time, that is, when the red-light time was less than 49 seconds, about 50% of cyclists ran the
red light, while, when the time of the red light was less than 97 seconds, about 75% of users ran the red
light. They also found that e-bike users were more sensitive to changes in the external environment.
Brian et al. [38], Huan et al. [49], and Liu and Yang [51] found that the longer a cyclist waited at an
intersection, the higher the violation rate was, which was closely related to herd mentality. In their
sample, more than 50% of users could not tolerate 49 seconds or longer, while 25% of cyclists could
tolerate 97 seconds or longer. Zhou et al. [10] studied the influencing factors of endurance time at
intersections on e-bikes by obtaining 57,213 samples of endurance time of e-bike crossings in Ningbo.
Statistics showed that there were three significant variables affecting the endurance time: weather,
crosswalk length, and the presence of traffic police to enforce the law. Dong et al. [52] analyzed the
safety influence mechanism of green flashing lights on the stopping decision-making behavior of e-bike
users, and found that green flashing lights could prompt users to stop, while it was easy to generate
aggressive passing behavior. If the green flashing light is set properly, it can effectively improve the
safe operation of e-bikes at intersections.

Compared with previous studies, we also found that some factors such as the weather, temperature,
and road infrastructure were also closely related to e-bike riding behavior. For example, Konstantina [26]
studied the factors affecting helmets worn by e-bike users, and found that the proportion of helmets
worn by cyclists on main roads and secondary roads was lower. Du et al. [13] found that, compared
with sunny and cloudy days, cyclists wore more helmets in rainy days. In recent years, due to the hot
summer weather, the ultraviolet intensity is greater, and the phenomenon of red-light running is more
serious. In view of the current situation of weather and temperature, the management department
set up sunshades at urban intersections and achieved good results. Zhang et al. [53] studied the
cycling behaviors of cyclists at sunshade intersections, and the results showed that the behavior of
running red lights at sunshade intersections on sunny days was significantly lower than that on
cloudy days. Cyclists at intersections without awnings were significantly more likely to cross red
lights. Therefore, the safety of cyclists at intersections can be improved by setting shade awnings at
intersections. For example, Zhang et al. [54] explored the violation behavior of non-motor vehicles
occupying the motorway, and a binary logistic regression model was adopted to find the internal
reason of such violation behavior. The results showed that the traffic violation rate of male cyclists was
higher than that of female cyclists, and the violation rate of rainy days was higher than that of sunny
and cloudy days. Secondly, the violation rate in the morning peak was higher than that in the evening
peak and off-peak hours. The traffic density of motor vehicles and non-motor vehicles had a strong
influence on the illegal traffic behavior of non-motor vehicles. Thirdly, the data analysis showed that
the average illegal traffic rate of non-motor vehicles was 36.1%, indicating that more than one-third of
non-motor vehicles had traffic violations. Wang et al. [55] used the accident data of electric bicycle
and motor vehicle collisions as the research object to study the factors affecting the degree of injury of
electric bicycle riders. It was found that the factors associated with electric bike rider collisions were
violation of signal controls, not according to stipulations to give way, age greater than 60 years old,
and male. Among these factors, the ratios of accidents that involved a violation of signal controls and
not according to stipulations to give way were 2.201 and 1.495, respectively, indicating that the risk of
death or serious injury of electric bicycle riders was greater due to accidents between electric bicycle
riders and motor vehicles. The accident occurrence ratios of riders with ages greater than 60 years and
male riders were 1.383 and 1.317, indicating that, if the age of an electric bike rider was greater than
60 years, the risk of death or serious injury was higher than that of younger drivers in the event of
an accident. This was related to the weaker ability of the older rider to respond to the outside world,
in addition to their poor physical condition and the existence of luck. Tang et al. [56] proposed to use a
cellular automaton model to study the straight, lane-change, and retrograde behavior of e-bike riders
at signalized intersections. The results showed that the lane change and retrograde behaviors had the
most significant influence on the riding trajectory of e-bike riders. The simulation results could better
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explain the complicated traffic phenomenon caused by e-bicycles at signalized intersections. The basis
for the introduction of e-bike control measures was provided. Yu et al. [57] studied the reaction of
e-bike riders to pedestrian countdown signal devices (PCSDs), and found that PCSDs could effectively
reduce the number of red-light violations by cyclists, effectively preventing the running of red lights,
but increasing the possibility of early behavior. Fishman and Cherry [58] gave a literature review of the
major trends in the development of global electric bicycle traffic from 2006 to 2015. The results showed
that, in terms of road safety issues, the violations of Chinese electric bicycle riders at intersections were
more common, whereas the risk of electric bicycle accidents was higher than that of traditional bicycles.

In addition, there are some other riding behaviors which can also become safety hazards in traffic
accidents. For example, Stelling et al. [59] studied the auditory perception during collisions and
accidents of cyclists when they listened to music or made phone calls [41]. The results showed that
listening to music and talking on the phone had negative effects on cyclists’ hearing and attention,
and there was a greater risk of traffic accidents. They also found that there was no relationship between
the frequency of listening to music and making phone calls and the frequency of traffic accidents.
Truong et al. [27] investigated and analyzed the mobile phone use of e-bike users, and found that 8.4%
of them used mobile phones during riding, and the use of mobile phones during riding was related to
riding weather, the number of lanes, different lanes, the duration of red lights, and the presence of
police. In addition, wearing safety helmets and some risky riding behaviors at the exit of rain/snow
expressways or highways were closely related to the occurrence and severity of e-bike accidents.

3. Analysis of Characteristics of E-Bike Users

3.1. Vision and Hearing

Vision and hearing are fundamental to riding an e-bike, and they are directly related to the
perception of the external environment. The level of perception has a significant impact on the safety
of the road. Drunk cycling [25] reduces the visual and other sensory functions of cyclists, and the
acquisition and judgment of external information are prone to errors. In addition, the mood of the
drunk user is very unstable, and risky riding behaviors such as over-speeding or running a red light
are easily generated.

E-bike users have differing levels of dynamic and static vision [41], based on factors such as
age and physical feature. The user’s dynamic observation varies according to the speed of cycling,
whereby a faster speed results in a narrower dynamic field of vision, while illusions can also occur
due to differences between senses, which are important factors in causing traffic accidents. Due to
its small size and low driving noise on the road, e-bikes are not easily heard or perceived by other
road participants [12]; thus, there are many unsafe and uncertain factors when considering non-motor
vehicle lanes and other participants. Zhao [60] studied the visual behavior of e-bike users. Their results
showed that, in different cycling environments, the distribution of eye movement time was uneven.
A larger proportion of scanning time led to a shorter duration of each fixation point, while a more
complex environment narrowed the user’s gaze. In the process of cycling, the following a vehicle can
be considered a hazardous situation as electric bikes overtake more frequently.

3.2. Different Age Groups

The probability of traffic accidents caused by cyclists of different ages varies due to their
wide-ranging physical functions. Wu et al. [61] studied user riding behavior and the relationship
with age using survey data, and found that young and middle-aged people were more likely to ride
through a red light than older people. They also found that small groups of riders or individual
riders were more likely to run red lights, whereas middle-aged and older riders were more fearful of
traffic accidents while riding, leading to more cautious behavior [62]. According to the survey data of
Truong et al. [27], the average age of e-bike users is 23 years old, while that of motorcycle drivers is
30 years old.
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3.3. Gender Difference

Users of different genders have different physical skills and psychological states; thus, gender
difference also has an impact on the behavior of cyclists. Wu et al. [61] studied the riding behaviors of
male and female cyclists through survey data, and found that the probability of male users running a
red light was higher than that of female users, especially when the mopeds of male users had greater
dynamic performance [41,62,63]. According to the questionnaire survey results of Yao and Wu [13],
it was found that gender was significantly related to traffic accidents, whereby men were more likely
to have traffic accidents than women. Truong et al. [27] also pointed out that the incidence of mobile
phone use in cycling was lower in women than in men.

3.4. Reaction Ability

A slow response time and the accuracy of the response are directly related to the occurrence
of traffic accidents. Wang [42] summarized the reaction processes of users as follows: external
stimulus–conscious acknowledgement–response. In other words, the information obtained through
the sensory system is fed back to the e-bike, followed by a certain behavioral operation after the central
nervous system makes a decision. The responsiveness is related to the cycling speed of the vehicle and
the complexity of the driving environment. For example, the driving speed of an electric bicycle is
faster than that of an ordinary bicycle; thus, the requirement for its responsiveness is higher than that of
a bicycle user. If the complexity of the driving environment exceeds the processing ability of the cyclists
within the allowed range, their reaction ability will not keep up with the changes of the environment,
and unsafe riding scenes are easily generated. Fu [64] found that, due to fatigue, drugs, pathology,
and other physiological characteristics, cyclists’ consciousness level would decline, their reaction
would be relatively slow, and they would be prone to drowsiness and other symptoms. The above
symptoms were mainly manifested in cycling behavior with wrong riding and poor judgment.

In summary, different user riding behaviors occur due to several factors, such as gender, age,
and the ability to hear and respond to outside stimuli. In cases of drinking, fatigue, illness, and drug
use, the brain’s nervous system is in a state of dottiness, which slows reaction time and increases erratic
behavior such as running red lights, seriously affecting the user and other participants in terms of
road safety.

3.5. Psychological Factors

Due to the differences in cyclist psychology, the characteristics of each user are unique.
Therefore, on the basis of understanding the general psychology of cyclists, special promotion
and education should be carried out to achieve the purpose of safety. Wang [42] pointed out that a
normal psychological environment is required for safe cycling. In the process of cycling, people are
prone to fear, transcendence, dispersion, conformity, habit, frustration, competitiveness, and distraction,
which are hidden dangers leading to traffic accidents. Fu [64] pointed out that, because the speed of
e-bikes is faster than that of bicycles, cyclists tend to show exhibit behaviors such as competitiveness,
transcendence, conformity, independence, and dispersion, leaving them prone to unsafe riding
behaviors (such as speeding, following, running red lights, etc.).

3.6. Relationship between Different Factors and Riding Behaviors

It can be seen from the above research that e-bike riders have different personal attributes, and the
road traffic infrastructure selected by the riders when riding is different, which will generate different
risky riding behaviors. The different variables used and the correlations discussed in previous studies
are shown in Table 2.
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Table 2. Independent and dependent variables used in previous studies.

Independent Variables Dependent Variables

Vision Manned by bike
Hearing Chatting while riding
Different age groups Listening to music while riding
Gender difference Calling while riding
Reaction ability Riding side by side

Psychological factors

Fear Over the speed limit
Transcendence Running a red light
Dispersion Reverse driving
Conformity Jaywalking
Habit Excessive turning speed
Frustration Drinking and driving
Competitiveness Motorway occupancy
Distraction Not adhering to stipulations to give way

Aircraft non-isolation belt Forced overtaking
Red light duration Sudden stopping or turning
Traffic sign marking Fatigue riding

According to the list of independent variables and dependent variables used in previous
studies [10,12,13,25,27,36–64], we found that the characteristics of e-bike users, such as vision, hearing,
age group, reaction ability, and psychological factors, are the main reasons affecting the risky riding
behavior of cyclists, as well as red light duration and traffic sign marking. For example, Du et al. [13],
Wang [42], and Zhang et al. [53] found that independent variables, such as group psychology and
waiting too long for the red light, were the main risky riding behaviors related to running a red light.
Fu [64] also found that psychological factors, such as transcendence, habit, and distraction, were also
the main risky riding behaviors related to over-speed, as well as gender and age. What is more, when
cyclists ride on roads with inorganic non-isolation zones, they tend to illegally occupy motor vehicle
lanes [55,56].

It can be seen from the above review that the risky riding behaviors of e-bikes are related to the
psychological characteristics of users. The psychological characteristics related to safety risks are all
caused by the weak subjective safety awareness of cyclists. Therefore, it is expected that, to prevent
the occurrence of such risky cycling behaviors, it is necessary to carry out targeted psychological
intervention. To sum up, cyclists’ risky riding behaviors are the main factors causing traffic accidents.
These behaviors include illegally occupying motor vehicle lanes, running red lights, and illegally
carrying people or objects. In general, these risky riding behaviors are the result of a lack of knowledge
about the safety features of e-bikes and the weak awareness of road traffic safety. Therefore, it is
necessary to strengthen safety awareness and education to improve psychological preparedness.
Furthermore, it is necessary to increase cycling skill training to improve coping ability, and to formulate
relevant laws and regulations to regulate cycling behavior.

4. Prevention and Intervention of E-Bike Traffic Accidents

In view of the prevention and intervention of e-bike traffic accidents, previous research put forward
relevant measures based mainly on four aspects: strengthening traffic management, improving laws
and regulations, improving the cycling environment of e-bikes, and strengthening the safety education
and training of users.

1. In terms of strengthening traffic management, Ma [65] proposed giving priority to the development
of public transportation to limit the increase of the number of e-bikes, following a study of
collision experiments between e-bikes and motor vehicles and an analysis of the safety degree
of e-bikes. Other suggested measures include limiting the maximum design speed of e-bikes
to realize source control, carrying out cycling skill training and assessment, implementing
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annual inspection, and ensuring the safety of vehicles. Dong [41] proposed that, in order to
more clearly identify e-bike riding on the road, reverse laser technology can be adopted on the
body and license plate of the e-bike to prevent the occurrence of collision accidents. Jiang and
Li [44] proposed to regulate the e-bike industry, strengthen the management of users and
e-bikes, strengthen traffic management, improve road conditions, set up e-bike city management
departments, and introduce relevant laws and regulations on the basis of analyzing the potential
safety risks of e-bikes. Liu and Yang [51] put forward corresponding permit management
and compulsory speed limit systems for e-bike users’ red-light running behavior, including (i)
training, assessment, and licensing before e-bike riding, and (ii) penalties for illegal riding of
e-bikes. Similarly, Shi [66,67] and Chen [68] proposed unified registration and listing for e-bikes,
a standardized production of e-bikes, the implementation of a permit system, and e-bike users
paying for insurance. Xu et al. [45] emphasized strengthening production management, regulating
mopeds, and preventing vehicles from “exceeding the standard”. Wu et al. [69] investigated the
status quo of license plate registration of e-bikes, and found that 30.58% of respondents registered
their license plates, but there were still 69.42% of users who had unregistered license plates.
Carole [70], on the basis of a comprehensive definition of risky riding behavior, suggested that the
rapid growth in volume of electric bicycles was consistent with the high electric bicycle accident
rate in China, and pointed out that relevant departments should first establish guiding principles
for the prevention of traffic accidents through a forward-looking guidance strategy.

2. In terms of improving relevant laws and regulations, Ma [65] advocated that laws should be
passed to explicitly prohibit minors from riding e-bikes. Chen [68] and Wu et al. [69] proposed that
users must wear hard hats to ride so as to not be fined. Shi et al. [66] and Jang and Li [44] proposed
revising and increasing the traffic laws and regulations for e-bikes, forcing cyclists to change
their risky riding behaviors through legal means. Truong et al. [27], through an investigation
and analysis of mobile phone use of e-bike users, proposed combining existing legislation with
extensive education and publicity to reduce potential death and injury caused by mobile phone
use during cycling.

3. In terms of improving the cycling environment of e-bikes, Dong [71] and Dong [41] put forward
that the separation between machines and non-machines should be ensured. Gu [43] found
that speed is the key to controlling user cycling safety factors; thus, measures such as vertical
migration (speed humps, deceleration machines, pavement textures, raised crossings, vibrating
belts), horizontal deflections (turns), road narrowing, and others (closed road width, central
islands, coating surfaces, control of vehicle speed, and deceleration graphics) were suggested
aimed at slowing down traffic to reduce hazards faced by electric bicycle users and other road
members. Xu et al. [45] proposed improving the transportation infrastructure for e-bikes. Zhao [47]
used the time–space isolation method to isolate machines driving directly and turning left at
intersections, and set a no-driving area of non-motor vehicles at intersections. They suggested
setting left and right turning lanes at intersections, along with special signal lights at intersections
with a large number of e-bikes. At small intersections, non-motor vehicles would be required to
cross sidewalks, whereby a non-motor vehicle bypass area would be set up at the intersection.

4. In terms of strengthening user safety education and training, Wu [72], Xu et al. [45], Zhao [47],
and Chen [68] proposed strengthening safety awareness and education, emphasizing the
importance of road safety to consciously improve safety awareness, thereby avoiding risky
riding behavior. In addition, Chen [68] pointed out that the quasi-driving mode of motor
vehicles should be imitated, and the skills of cyclists should be trained to improve their ability
and experience.

In addition, Wang et al. [73] found through investigation that the current phenomenon of children
being carried on e-bikes is quite common, and pointed out that the safety guarantee of existing electronic
bicycle seats is limited. Thus, the design strength and structure of the seats should be reasonably
strengthened to ensure the personal safety of children when riding. Yuan et al. [74] analyzed 150 traffic
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accidents of e-bikes in Beijing, and found an increase at intersections and in motor vehicle lanes in the
suburbs where the occurrence of e-bikes was high. Safety education and training should be carried out
for users in the suburbs, and the design of traffic safety facilities in these areas should be strengthened
at the same time. Yuan et al. [75], using statistical analysis of vulnerable road users in Beijing collisions,
compared pedestrian, bicycle, and electric bicycle accident frequency, severity, and influencing factors.
It was concluded that electric bicycle accidents were dependent on collision speed and position of the
victim, with similarities and differences compared to the other groups. Suggestions were given for
accident intervention.

All in all, scholars put forward comprehensive prevention measures for electric bicycle traffic
accidents on the basis of traffic management, laws and regulations, riding conditions, and safety
education and training, including uniform registration licenses, a quasi-driving system, improvement
of the road and intersection traffic safety facilities, strengthening safety awareness and education,
driving skill training, and more. These approaches would help improve the traffic safety consciousness
of the user while safeguarding them.

5. Research Prospect

As a future research direction of urban road traffic safety, it is of great significance to study
cyclists’ risky riding behaviors to reduce the occurrence of traffic accidents involving e-bikes and to
ensure the safety of the life and property of traffic participants [76–82]. Although the current traffic
safety problems of e-bikes attracted the attention of scholars, due to the difficulties in obtaining traffic
accident-related data and the limitations of research ideas, there are still many deficiencies in the study
of e-bike risky riding behaviors, which need to be further studied.

1. In current electric bicycle risky riding behavior research, most historical data are obtained from
traffic accidents or sampling survey results for statistical analysis and research; however, due to
incomplete traffic accident data, the analysis results have certain deviation. Instead, studies can
make use of advanced monitoring systems and video recognition technology to obtain more
comprehensive electric bicycle traffic accident data, with the analysis of big data to mine risk
cycling association rules between behavior and traffic accidents, to find a strong relationship
between various influencing factors. Using these results, strongly correlated risky riding behaviors
can be used to put forward effective intervention measures, in order to effectively cope with
frequent electric bicycle traffic accidents [83–86]. E-bike users also range in age from 18 to 80.
Due to the different ages of cyclists, their physical function and cycling behavior are different.
Currently, in terms of studies on cyclists’ behaviors at different ages, the only relevant research
achievements are based on the behavior of running red lights, while no research was carried out
on other risky cycling behaviors, which are in urgent need of study, such as the implementation
of an age threshold to ensure the safety of e-bike riding.

2. The high accident rates and casualty rates of e-bikes are mainly caused by risky riding behavior
cue to the weak subjective risk awareness of users, and the current research results in this regard
are not substantial enough. In view of this, it is possible to strengthen the research on cyclists’
subjective risk awareness in future studies. For example, using scales of risk perception, risk
attitude, and the degree of risk tolerance, questionnaire surveys can be conducted on user risk
consciousness. Then, correlation analysis and regression analysis can be used to study the
relationship between electric bicycle riding behavior and risk awareness, according to different
personalities and demographic variables. This study would be helpful to explore the differences
in risk awareness among different cyclists. According to these differences, safety education and
training can be carried out in a targeted way, so as to ultimately achieve the goal of preventing
risky riding behavior.

3. As a commuting tool for some urban residents, e-bikes are often used in rainy, foggy, or snowy
days. At present, there are not many research results on risky riding behavior of e-bikes
under special weather conditions. In view of this, quantitative research should be undertaken,
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studying e-bike riding rules in special weather conditions such as rain, fog, or ice and snow.
A user safe riding environment threshold should be determined to prioritize electric bicycle
safety, thus avoiding risky behavior and reducing traffic accidents. In addition, although many
studies looked at traffic safety involving e-bikes, there are few studies on the psychological and
physiological characteristics of cyclists. On the one hand, research related to user personality,
cognition, self-assessment, and self-adjustment is lacking. On the other hand, research on user
attention, analysis ability, spatial ability, emergency ability, and nervous system and physiological
characteristics such as cognitive ability is also missing.

4. In the future, it will be interesting to capture the data of the current research on e-bike behavior,
as well as the related technologies to be applied. Moreover, by obtaining accurate cycling
data, researchers can explore the potential impact of cyclists’ personal characteristics on cycling
behavior, and address these issues through safety education and driving training.

6. Discussions

E-bike riders in different regions have different risky riding behaviors due to differences in regional
culture and traffic regulations. For example, China’s data acquisition for e-bike riders generally includes
(a) riding conflicts and illegal riding behaviors, usually observed through video surveillance equipment
at intersections [10,13,27,28,58], and (b) accident data of hospitals, violation records, and personal
injury records [58]. Research data on behaviors of e-bike riders were also obtained using questionnaires
methods [17,19–24,29–31].

Overall, the risky riding behavior of e-bike riders in China and Europe is similar. In China, previous
studies [58] found that the risky riding behaviors included double riding (or carpooling), chatting
while riding, listening to music while riding, calling while riding, riding in parallel, over-speeding,
jaywalking, reverse riding, suddenly crossing the road, speeding too fast when turning, illegal
occupation, failure to comply with regulations, forcibly overtaking, suddenly stopping or turning,
and fatigue riding. In Europe, previous studies [26,38] found that the risky riding behaviors included
riding in the wrong direction, over-speeding, traffic conflicts with other e-bike riders, jumping the
lights, not wearing helmets, listening to music while riding, making phone calls while riding, etc.
From the above, the regional issues regarding e-bike behavior showed some differences between China
and Europe, since the laws, regulations, and characteristics of e-bike users are different [58].

7. Conclusions

1. Currently, e-bike traffic accidents occur frequently, and more than 90% of e-bike traffic accidents
are caused by cyclists’ risky riding behaviors, including illegal occupation of motor vehicle lanes,
over-speeding, running red lights, and going against the traffic flow. It is of great significance to
study the risky riding behavior of e-bikes, researching accident characteristics so as to prevent
them and ensure the safety of people’s life and property.

2. Substantial previous research was carried out on traffic accident characteristics and causes of
e-bike risky behavior, as well as their prevention and intervention. However, after reviewing
the relevant literature at home and abroad, the authors found that the existing relevant research
results have three deficiencies, and pointed out research directions that can be further explored in
the future.

3. Real cycling scenes are often a combination of a variety of situations. For example, users of
different ages ride electric bikes equipped with umbrellas in rainy or snowy weather. In view
of this, it is necessary to study the degree of danger of combination scenarios featuring electric
bicycle riding behavior, whereby the degree of danger is not simply a function of the risky
riding behavior in a single scene. This research requires quantitative analysis using the theory
of coupling characteristics of various scenarios seen in risky riding behavior. On the basis of
effective interventions and the coupling effect of various combinations of interventions to achieve
an elimination of accident risk, one can ensure traffic safety.



Int. J. Environ. Res. Public Health 2019, 16, 2308 15 of 18

Author Contributions: Conceptualization, C.M.; data curation, C.M. and D.Y.; methodology, C.M. and J.Z.;
resources, Z.F. and Q.Y.; supervision, C.M. and J.Z.; writing—review and editing, C.M. and J.Z.; funding
acquisition, C.M. and J.Z.

Funding: This research was funded by the National Natural Science Foundation of China (Project No. 71861023),
the Program of Humanities and Social Science of the Education Ministry of China (Project No. 18YJC630118),
the Zhejiang Provincial Philosophy and Social Science Fund of China (No. 18NDJC107YB; 19NDJC119YB),
the Educational Science Planning of the Zhejiang Provincial Education Department (No. 2018SCG103), the Natural
Science Foundation of Zhejiang Province (No. LQ19E080003), the Natural Science Foundation of Ningbo
Municipality (No. 2018A610127), and the Foundation of the Hundred Youth Talents Training Program of Lanzhou
Jiaotong University.

Conflicts of Interest: The authors declare no conflicts of interest regarding the publication of this paper.

References

1. China News Network. China’s Electric Bicycles Have a Social Holding Capacity of 250 Million Vehicles.
Available online: http://news.ddc.net.cn/newsview_71477.html (accessed on 2 September 2018).

2. Sohu.com. The Number of Electric Vehicles in Nanning Has Exceeded 1.8 Million. Available online:
http://www.sohu.com/a/229498412_394146 (accessed on 2 September 2018).

3. Traffic Administration Bureau of the Ministry of Public Security. People’s Republic of China Annual Report of Road
Traffic Accidents (2016); Traffic Management Bureau of the Ministry of Public Security: Beijing, China, 2017.

4. Traffic Management Bureau of Ministry of Public Security. Statistics of Road Traffic Accidents in PRC (2015);
Traffic Management Bureau of Ministry of Public Security: Beijing, China, 2016.

5. JSTV.com. Nearly 70% of Traffic Accidents are Related to Electric Bicycles. Available online: http:
//news.jstv.com/a/20160805/123632.shtml (accessed on 2 September 2018).

6. Hu, F.; Lv, D.; Zhu, J.; Fang, J. Related risk factors for injury severity of e-bike and bicycle crashes in Hefei.
Traffic Inj. Prev. 2014, 15, 319–323. [CrossRef] [PubMed]

7. Du, W.; Yang, J.; Powis, B.; Zheng, X.; Ozanne-Smith, J.; Bilston, L.; He, J.; Ma, T.; Wang, X.; Wu, M.
Epidemiological profile of hospitalised injuries among electric bicycle riders admitted to a rural hospital in
Suzhou: A cross-sectional study. Inj. Prev. J. Int. Soc. Child Adolesc. Inj. Prev. 2014, 20, 128–133. [CrossRef]
[PubMed]

8. National Bureau of Statistics of China. China Statistical Yearbook [M]; China Statistics Press: Beijing,
China, 2017.

9. Chen, Q.; Dai, B. Characteristics and casualty analysis of two-wheeler accidents in china, data source: The
china in-depth accident study (CIDAS). SAE Tech. Pap. 2018, 2018, e01487191.

10. Zhang, Z.Y.; Hao, X.Y.; Wang, D.; Wang, D. Research on pedestrian’s endurance time at signalized intersection
in Beijing. J. Transp. Syst. Eng. Inf. Technol. 2015, 15, 213–219.

11. Cherry, C.; Cerver, R. Use characteristics and mode choice behavior of electric bike users in China. Transp. Policy
2007, 14, 247–257. [CrossRef]

12. Du, W.; Yang, J.; Powis, B.; Zheng, X.; Ozanne-Smith, J.; Bilston, L.; Wu, M. Understanding on-road practices
of electric bike riders: an observational study in a developed city of China. Accid. Anal. Prev. 2013, 59,
319–326. [CrossRef] [PubMed]

13. Yao, L.; Wu, C. Traffic safety for electric bike riders in China: Attitudes, risk perception, and aberrant riding
behaviors. Transp. Res. Rec. J. Transp. Res. Board 2012, 2314, 49–56. [CrossRef]

14. Papoutsi, S.; Martinolli, L.; Braun, C.T.; Exadaktylos, A.K. E-bike injuries: Experience from an urban
emergency department-a retrospective study from Switzerland. Emerg. Med. Int. 2014, 2014, 1–5. [CrossRef]

15. Guo, Y.; Liu, P.; Bai, L.; Xu, C.; Chen, J. Red light running behavior of electric bicycles at signalized
intersections in China. Transp. Res. Rec. J. Transp. Res. Board 2014, 2468, 28–37. [CrossRef]

16. Zhou, J.B.; Guo, Y.Y.; Wu, Y.; Dong, S. Assessing factors related to e-bike crash and e-bike license plate use.
J. Transp. Syst. Eng. Inf. Technol. 2017, 17, 229–234.

17. Zhou, J.B.; Wang, Q.Y.; Zhang, M.J.; Dong, S.; Zhang, S.C. An empirical study on seven factors influencing
waiting endurance time of e-bike. J. Transp. Syst. Eng. Inf. Technol. 2017, 17, 242–249.

18. Guo, Y.; Wu, Y.; Lu, J.; Zhou, J. Modeling the Unobserved Heterogeneity in E-bike Collision Severity Using
Full Bayesian Random Parameters Multinomial Logit Regression. Sustainability 2019, 11, 2071. [CrossRef]

http://news.ddc.net.cn/newsview_71477.html
http://www.sohu.com/a/229498412_394146
http://news.jstv.com/a/20160805/123632.shtml
http://news.jstv.com/a/20160805/123632.shtml
http://dx.doi.org/10.1080/15389588.2013.817669
http://www.ncbi.nlm.nih.gov/pubmed/24372505
http://dx.doi.org/10.1136/injuryprev-2012-040618
http://www.ncbi.nlm.nih.gov/pubmed/23728530
http://dx.doi.org/10.1016/j.tranpol.2007.02.005
http://dx.doi.org/10.1016/j.aap.2013.06.011
http://www.ncbi.nlm.nih.gov/pubmed/23877004
http://dx.doi.org/10.3141/2314-07
http://dx.doi.org/10.1155/2014/850236
http://dx.doi.org/10.3141/2468-04
http://dx.doi.org/10.3390/su11072071


Int. J. Environ. Res. Public Health 2019, 16, 2308 16 of 18

19. Steg, L.; Annemarie, V.B. Accidents, aberrant behaviours, and speeding of young moped riders. Transp. Res.
Part F Traffic Psychol. Behav. 2009, 12, 503–511. [CrossRef]

20. Elliott, M.A.; Baughan, C.J.; Sexton, B.F. Errors and violations in relation to motorcyclists’ crash risk.
Accid. Anal. Prev. 2007, 29, 491–499. [CrossRef] [PubMed]

21. Xie, C.Q.; Dianne, P. A social psychological approach to driving violations in two Chinese cities. Transp. Res.
Part F Traffic Psychol. Behav. 2001, 5, 293–308. [CrossRef]

22. Ulleberg, P.; Torbjorn, R. Personality, attitudes and risk perception as predictors of risky driving behaviour
among young drivers. Saf. Sci. 2003, 41, 427–443. [CrossRef]

23. Chen, C.F. Personality, safety attitudes and risky driving behaviors—Evidence from young Taiwanese
motorcyclists. Accid. Anal. Prev. 2009, 41, 963–968. [CrossRef] [PubMed]

24. Scheper, J.P. The safety of electrically assisted bicycles compared to classic bicycles. Accid. Anal. Prev. 2014,
73, 174–180. [CrossRef]

25. Reason, J.; Manstead, A.; Stradling, S.; Baxter, J.; Campbell, K. Errors and violations on the roads: A real
distinction. Ergonomics 1990, 33, 1315–1332. [CrossRef]

26. Konstantina, G. Modeling motorcycle helmet use in Iowa: Evidence from six roadside observational surveys.
Accid. Anal. Prev. 2009, 41, 479–484.

27. Truong, L.T.; Nguyen, H.T.; De, G.C. Mobile phone use among motorcyclists and electric bike riders: A case
study of Hanoi, Vietnam. Accid. Anal. Prev. 2016, 91, 208–215. [CrossRef] [PubMed]

28. Huan, M.; Yang, X.; Jia, B. Crossing reliability of electric bike riders at urban intersections. Math. Probl. Eng.
2013, 2, 831–842.

29. Hertach, P.; Uhr, A.; Niemann, S.; Cavegn, M. Characteristics of single-vehicle crashes with e-bikes in
Switzerland. Accid. Anal. Prev. 2018, 117, 232–238. [CrossRef] [PubMed]

30. Wang, Z.; Neitzel, R.L.; Xue, X.; Zheng, W.; Jiang, G. Awareness, riding behaviors, and legislative attitudes
toward electric bikes among two types of road users: An investigation in Tianjin, a municipality in China.
Traffic Injury Prev. 2019, 20, 1–7. [CrossRef] [PubMed]

31. Guo, Y.; Li, Z.; Wu, Y.; Xu, C. Evaluating factors affecting electric bike users’ registration of license plate in
China using Bayesian approach. Transp. Res. Part F Traffic Psychol. Behav. 2018, 59, 212–221. [CrossRef]

32. Hoyle, R.H. Structural equation modeling: Concepts, issues, and applications. Libr. Q. 1995, 66, 253–256.
33. Gliem, J.A.; Gliem, R.R. Calculating, interpreting, and reporting Cronbach’s alpha reliability coefficient for

Likert-type scales. In Proceedings of the 2003 Midwest Research to Practice Conference in Adult, Continuing,
and Community Education, Ohio State University, Columbus, OH, USA, January 2003; pp. 82–88.

34. Anderson, J.C.; Gerbring, D.W. Structural equation modeling in practice: A review and recommended
two-step approach. Psychol. Bull. 1988, 103, 411–423. [CrossRef]

35. Guo, Y.; Zhou, J.; Wu, Y.; Chen, J. Evaluation of factors affecting e-bike involved crash and e-bike license
plate use in China using a bivariate probit model. J. Adv. Transp. 2017, 2017, 1–12. [CrossRef]

36. Yang, L. Study on Risk Perception of Middle School Students Cyclists; Chang’an University: Xi’an, China, 2016.
37. Ren, G.; Wang, W.J.; Zhang, Y. Traffic Behavior Safety of Non-Motorized Traffic Participants–Modeling, Evaluation

and Decision-Making System; Science Press: Beijing, China, 2012.
38. Brian, C.L.; Chen, J.L.; Christorpher, C.R. Risky riding: Naturalistic methods comparing safety behavior

from conventional bicycle riders and electric bike riders. Accid. Anal. Prev. 2015, 82, 220–226.
39. Zhao, M.; Yu, M.; Fang, L.; Wang, H.; Wu, W.X.; Huang, G.H.; Duan, L.L.; Chen, Z.X.; Chen, P.F. Road-side

observational survey on 4 unlawful acts among electric bicycle riders in Zhejiang. Chin. J. Epidemiol. 2016,
37, 629–633.

40. Miao, M.Y.; Shang, H.Y.; Pei, J.R. On the classification of the hazardous behaviors of the non-motor vehicle
drivers. J. Safety Environ. 2014, 14, 106–111.

41. Dong, L. Risk Perception of Non-Motorized Vehicles’ Unsafe Behavior; Beijing Jiaotong University: Beijing,
China, 2015.

42. Wang, M.L. Safety Analysis of Electric Bicycle on Urban Road; Southwest Jiaotong University: Chengdu,
China, 2010.

43. Jia, H.L. The Research on Traffic Characteristics of Electric Bicycle; Southwest Jiaotong University: Chengdu,
China, 2014.

http://dx.doi.org/10.1016/j.trf.2009.09.001
http://dx.doi.org/10.1016/j.aap.2006.08.012
http://www.ncbi.nlm.nih.gov/pubmed/17034747
http://dx.doi.org/10.1016/S1369-8478(02)00034-7
http://dx.doi.org/10.1016/S0925-7535(01)00077-7
http://dx.doi.org/10.1016/j.aap.2009.05.013
http://www.ncbi.nlm.nih.gov/pubmed/19664433
http://dx.doi.org/10.1016/j.aap.2014.09.010
http://dx.doi.org/10.1080/00140139008925335
http://dx.doi.org/10.1016/j.aap.2016.03.007
http://www.ncbi.nlm.nih.gov/pubmed/27015225
http://dx.doi.org/10.1016/j.aap.2018.04.021
http://www.ncbi.nlm.nih.gov/pubmed/29723734
http://dx.doi.org/10.1080/15389588.2018.1511898
http://www.ncbi.nlm.nih.gov/pubmed/30763127
http://dx.doi.org/10.1016/j.trf.2018.09.008
http://dx.doi.org/10.1037/0033-2909.103.3.411
http://dx.doi.org/10.1155/2017/2142659


Int. J. Environ. Res. Public Health 2019, 16, 2308 17 of 18

44. Jiang, Q.; Li, C. The measures study of electric bicycle’s hidden safety danger in traffic in moderate city.
In Proceedings of the 2012 International Conference on Industrial Control and Electronics Engineering
(ICICEE), Xi’an, China, 23 August 2012; pp. 23–25.

45. Xu, Y.L.; Wang, X.S.; Yang, D.Y. Analysis of moped rider violation behavior characteristics at urban signalized
intersections. China Saf. Sci. J. 2011, 21, 43–51.

46. Liu, Y.T. Comparative Study on Crossing Behaviors of Pedestrians and Nonmotorized Vehicles Signalized Intersections;
Beijing Jiaotong University: Beijing, China, 2016.

47. Zhao, X.J. Study on Illegal Behavior of Non-Motor Vehicles and Pedestrians at Signalized Junction; Beijing Jiaotong
University: Beijing, China, 2006.

48. Huan, M. Crossing Behavior of Nonmotorized Vehicles at Urban Intersections Based on Survival Analysis Method;
Beijing Jiaotong University: Beijing, China, 2014.

49. Huan, M.; Yang, X.B.; Jia, B. Red-light running behavior of non motor vehicles based on survival analysis.
Trans. Beijing Inst. Technol. 2013, 33, 815–819.

50. Yang, X.; Huan, M.; Abdel-Aty, M.; Peng, Y.; Gao, Z. A hazard-based duration model for analyzing crossing
behavior of cyclists and electric bike riders at signalized intersections. Accid. Anal. Prev. 2015, 74, 33–41.
[CrossRef] [PubMed]

51. Liu, Y.T.; Yang, X.B. Red-light running behavior and policy suggestions of electric bike riders.
China Transp. Rev. 2015, 37, 54–59.

52. Dong, S.; Zhou, J.; Tang, K. Safety effect of flashing green on e-bikes’ stop-go decision-making behavior.
China Saf. Sci. J. 2015, 25, 27–33.

53. Zhang, Y.Q.; Wu, C.X. The effects of sunshields on red light running behavior of cyclists and electric bike
riders. Accid. Anal. Prev. 2013, 52, 210–218. [CrossRef]

54. Zhang, W.; Zhou, C.; Huang, W.; Tao, H.; Wang, K.; Feng, Z.; Hu, Z. Investigating factors affecting riders’
behaviors of occupying motorized vehicle lanes on urban streets. Accid. Anal. Prev. 2019, 122, 127–133.
[CrossRef]

55. Wang, W.; Shen, X.; Wang, G.; Fang, Q. Analysis of factors affecting injury to electric bicycle rider in crash.
China Saf. Sci. J. 2019, 29, 20–25. [CrossRef]

56. Tang, T.Q.; Luo, X.F.; Zhang, J.; Chen, L. Modeling electric bicycle’s lane-changing and retrograde behaviors.
Phys. A 2018, 490, 1377–1386. [CrossRef]

57. Yu, R.; Zhao, H.; Zhang, C.; Wang, Z. Analysis of risk-taking behaviors of electric bicycle riders in response
to pedestrian countdown signal devices. Traffic Inj. Prev. 2019, 20, 1–7. [CrossRef] [PubMed]

58. Fishman, E.; Cherry, C. E-bikes in the Mainstream: Reviewing a Decade of Research. Transp. Rev. 2015, 36,
72–91. [CrossRef]

59. Stelling-Konczak, A.; Wee, G.P.V.; Hagenzieker, M. Mobile phone conversations, listening to music and quiet
(electric) cars: Are traffic sounds important for safe cycling. Accid. Anal. Prev. 2017, 106, 10–22. [CrossRef]
[PubMed]

60. Zhao, X.; Wang, W.J.; Shou, R.Z.; Ren, G. Visual behavior of electrical bicyclists based on SMI eye camera.
Transp. Res. 2015, 1, 14–18.

61. Wu, C.X.; Yao, L.; Zhang, K. The red-light running behavior of electric bike riders and cyclists at urban
intersections in China: An observational study. Accid. Anal. Prev. 2012, 49, 186–192. [CrossRef] [PubMed]

62. Inger, M.B.; Gittle, C. Preferences and behavior of pedestrians and cyclists by age and gender. Transp. Res.
Part F Traffic Psychol. Behav. 2008, 11, 83–95.

63. Zheng, C.; Liu, Y.; Ma, G.; Deng, P.; Zhang, J. Research on relationship between risk perception and cycling
crashes in electric cyclists. Adv. Mech. Eng. 2019, 11, 1–9. [CrossRef]

64. Fu, Q. Study on Traffic Safety and Management of City Electric Bicycle; Southwest Jiaotong University: Chengdu,
China, 2016.

65. Ma, G.Z.; Ming, S.J.; Wu, H.T. On Safety Character of Electric Bicycle. Chin. Saf. Sci. J. 2006, 4, 48–52.
66. Shi, J.P. The Analysis of Electronic Bicycles Traffic Current Situation and Countermeasure Research; Chongqing

Jiaotong University: Chongqing, China, 2007.
67. Shi, C. Analysis on electric bicycles current traffic situation and countermeasures. J. Chongqing Jiaotong Univ.

2008, 27, 772–775.
68. Chen, Z.H. Study on the Current Traffic Problems and Countermeasures of Electric Bicycle-Taking Kunming as an

Example; Yunnan University: Yunnan, China, 2012.

http://dx.doi.org/10.1016/j.aap.2014.10.014
http://www.ncbi.nlm.nih.gov/pubmed/25463942
http://dx.doi.org/10.1016/j.aap.2012.12.032
http://dx.doi.org/10.1016/j.aap.2018.09.025
http://dx.doi.org/10.1111/ejss.12742
http://dx.doi.org/10.1016/j.physa.2017.08.107
http://dx.doi.org/10.1080/15389588.2018.1542138
http://www.ncbi.nlm.nih.gov/pubmed/30888872
http://dx.doi.org/10.1080/01441647.2015.1069907
http://dx.doi.org/10.1016/j.aap.2017.05.014
http://www.ncbi.nlm.nih.gov/pubmed/28550750
http://dx.doi.org/10.1016/j.aap.2011.06.001
http://www.ncbi.nlm.nih.gov/pubmed/23036395
http://dx.doi.org/10.1177/1687814019851639


Int. J. Environ. Res. Public Health 2019, 16, 2308 18 of 18

69. Wu, Y.; Guo, Y.Y.; Li, Z.; Chen, K. Investigating the factors related to the registration of electric bicycle licenses
in China. In Proceedings of the Transportation Research Board 94th Annual Meeting, Washington, DC, USA,
11–15 January 2015.

70. Carole, R.; Rago-Court, I.; Zhuo, J. Characterizing risky driving behaviors of electric two-wheelers riders to
create prevention guidelines in china and in France. IAFOR J. Soc. Sci. 2013, 1, 71–77.

71. Dong, B.J. The Study of Characteristics of Electric Bicycle; Tongji University: Shanghai, China, 2008.
72. Wu, B. Research on traffic safety of electric bicycle. J. Jiangsu Police Off. Coll. 2011, 26, 137–140.
73. Wang, F.P.; Yang, Q.H.; Zheng, L.C.; Chen, H.L. The security design of child seat of electric bicycle.

Appl. Mech. Mater. 2014, 441, 572–575. [CrossRef]
74. Yuan, Q.; Yang, H.; Huang, J.; Kou, S.; Li, Y.; Theofilatos, A. What factors impact injury severity of vehicle to

electric bike crashes in China. Adv. Mech. Eng. 2017, 9, 1–10. [CrossRef]
75. Yuan, Q.; Chen, H.Y. Factor comparison of passenger-vehicle to vulnerable road user crashes in Beijing,

China. Int. J. Crashworthiness 2017, 22, 260–270. [CrossRef]
76. Chen, F.; Chen, S.; Ma, X. Analysis of hourly crash likelihood using unbalanced panel data mixed logit model

and real-time driving environmental big data. J. Saf. Res. 2018, 65, 153–159. [CrossRef] [PubMed]
77. Ma, C.X.; He, R.C.; Zhang, W. Path optimization of taxi carpooling. PLoS ONE 2018, 13, e0203221. [CrossRef]

[PubMed]
78. Wu, G.; Chen, F.; Pan, X.D.; Xu, M.; Zhu, X.Y. Using the visual influence of markings for rutting mitigation–part

I: preliminary tests. Int. J. Pavement Eng. 2017, 20, 734–746. [CrossRef]
79. Zhu, X.Y.; Dai, Z.W.; Chen, F.; Pan, X.D.; Xu, M. Using the visual influence of markings for rutting

mitigation–part II: finite element simulation. Int. J. Pavement Eng. 2019, 20, 573–584. [CrossRef]
80. Ma, C.X.; Hao, W.; Xiang, W.; Yan, W. The impact of aggressive driving behavior on driver injury severity at

highway-rail grade crossings accidents. J. Adv. Transp. 2018, 2018, 9841498. [CrossRef]
81. Hao, W.; Wang, A.; Zhao, H. Developing a coordinated signal control system for urban ring road under the

vehicle-infrastructure connected environment. IEEE Access 2018, 6, 52471–52478.
82. Tang, J.J.; Liang, J.; Han, C.Y.; Li, Z.B.; Huang, H.L. Crash injury severity analysis using a two-layer Stacking

framework. Accid. Anal. Prev. 2019, 122, 226–238. [CrossRef] [PubMed]
83. Ye, X.; Wang, K.; Zou, Y.; Lord, D. A semi-nonparametric Poisson regression model for analyzing motor

vehicle crash data. PLoS ONE 2018, 13, e0197338. [CrossRef] [PubMed]
84. Zou, Y.; Ash, J.E.; Park, B.J.; Lord, D.; Wu, L. Empirical Bayes estimates of finite mixture of negative binomial

regression models and its application to highway safety. J. Appl. Stat. 2018, 45, 1652–1669. [CrossRef]
85. Wu, W.; Liu, R.; Jin, W.; Ma, C. Stochastic bus schedule coordination considering demand assignment and

rerouting of passengers. Transp. Res. Part B Methodol. 2019, 121, 275–303. [CrossRef]
86. Lyu, N.; Xie, L.; Wu, C.; Fu, Q.; Deng, C. Driver’s Cognitive Workload and Driving Performance Under

Traffic Sign Information Exposure in Complex Environments: A Case Study of the Highways in China. Int. J.
Environ. Res. Public Health 2017, 14, 203. [CrossRef] [PubMed]

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.4028/www.scientific.net/AMM.441.572
http://dx.doi.org/10.1177/1687814017700546
http://dx.doi.org/10.1080/13588265.2016.1248226
http://dx.doi.org/10.1016/j.jsr.2018.02.010
http://www.ncbi.nlm.nih.gov/pubmed/29776524
http://dx.doi.org/10.1371/journal.pone.0203221
http://www.ncbi.nlm.nih.gov/pubmed/30161199
http://dx.doi.org/10.1080/10298436.2017.1334460
http://dx.doi.org/10.1080/10298436.2017.1316646
http://dx.doi.org/10.1155/2018/9841498
http://dx.doi.org/10.1016/j.aap.2018.10.016
http://www.ncbi.nlm.nih.gov/pubmed/30390518
http://dx.doi.org/10.1371/journal.pone.0197338
http://www.ncbi.nlm.nih.gov/pubmed/29791481
http://dx.doi.org/10.1080/02664763.2017.1389863
http://dx.doi.org/10.1016/j.trb.2019.01.010
http://dx.doi.org/10.3390/ijerph14020203
http://www.ncbi.nlm.nih.gov/pubmed/28218696
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Analysis of Risky Riding Behavior Characteristics and Influencing Factors of E-Bikes 
	Data Acquisition and Analysis Methods 
	Characteristics of Risky Riding Behavior 

	Analysis of Characteristics of E-Bike Users 
	Vision and Hearing 
	Different Age Groups 
	Gender Difference 
	Reaction Ability 
	Psychological Factors 
	Relationship between Different Factors and Riding Behaviors 

	Prevention and Intervention of E-Bike Traffic Accidents 
	Research Prospect 
	Discussions 
	Conclusions 
	References

