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About 90% of traffic crashes are caused by human factors, within which traffic violations are one of the most typical and common
causes. In order to investigate the relationship between traffic violations and traffic crashes, this research targets signalized
intersections in two Chinese cities: Yinchuan and Suqian. ,irty-one intersections are selected as the research sites, and ad-
ditionally, the traffic volume, traffic violation, and traffic crash data of each intersection are collected for one year. AWhite’s test is
conducted to test the homoscedasticity of the data and a multiple linear regression model is employed to investigate the re-
lationship between traffic crashes and violations. ,e results show the following: (1) although the research sites are located in two
different cities, the data is homoscedastic, which suggests that the above result may be statistically stable between different cities.
(2),ere is a significant multiple linear regression relationship (R2 � 0.782, adjusted R2 � 0.716) between the total number of traffic
crashes and traffic violations. Among the chosen 7 independent variables, four are significantly related to the dependent variable,
namely, driving commercial vehicle during internship, wrong-way entry, speeding, and traffic-light violation. (3) With the
increase of annual average daily traffic (AADT), the number of total crashes goes up; however, the injury-or-fatality rate decreases,
which means that intersections with smaller traffic volumes tend to have higher traffic crash severity. Based on the above
conclusions, it is possible to conduct more targeted enforcement to improve the safety of intersections.

1. Introduction

,e traffic safety situation around the world is still not
optimistic. According to the latest statistics of WHO [1],
more than 1.2 million people unfortunately pass away due to
traffic crashes every year with an additional 20–50 million
non-fatal injuries. In China alone, more than 260,000 people
died in traffic crashes which accounts for 21.64% of the
worldwide figures [1]. It is worth noting that China’s traffic
safety indicator is worse than the world average. Recent data
show that China’s traffic crash death rate is 1.88 per 10,000
people, while the world average is 1.68 [1].

Because of the complex traffic conflicts and frequent
signal changes, signalized intersections have been proven
to be one of the most unsafe locations in the road network.
In the United States, 43% of traffic crashes and 23% of fatal

traffic crashes occur in/near intersections [2]. Similarly,
30% of Chinese traffic crashes also take place in/near
signalized intersections [3]. Hence, improving the safety of
intersections has been considered as a top priority by
federal, state, and local agencies [4, 5]. In order to reduce
traffic crashes, it is crucial to assess the safety of inter-
sections, identify the risk factors, and conduct targeted
enforcement.

In the transportation system, human factors are one of
the decisive factors leading to traffic crashes. A Policy on
Geometric Design of Highways and Streets (“green book”)
[6] reports that around 70% of traffic crashes are related to
human factors. China’s statistics [7] have also reached a
similar conclusion; that is, human factors have caused more
than 86% of China’s traffic crashes. Traffic violations are the
most typical and harmful unsafe driving behaviors;
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therefore, investigating the relationship between the traffic
violations and crashes is of both theoretical significance and
engineering value. If the most common violations with their
relative order of frequency leading to traffic crashes can be
found and targeted enforcement can be conducted, the
number of overall accidents will be reduced.

With the rapid development of video recognition
technology in the past ten years, electronic police equipment
has been widely installed by Chinese traffic management
authorities at urban road intersections. ,is technology
could automatically record the times, locations, and types of
traffic violations. Additionally, in order to ensure the justice
of punishment, authorities also manually check the accuracy
of electronic-police data. After these procedures, this
recorded data with an accuracy of 95% lays the foundation
for this study.

In this research, we raise the following two research
questions:

Question 1. Is there a significant statistical relationship
between traffic crashes and traffic violations? What
kind of relationship is it?
Question 2. Based on the above conclusion, what kind
of targeted enforcement advice can be given?

2. Literature Review

,e quantitative research on the relationship between unsafe
acts and accidents can be traced back to the classic Hein-
rich’s Law [8]: as many as 95% of all workplace accidents are
caused by unsafe acts, and there is a relationship of one
serious injury accident to 10 minor injury (first aid only)
accidents, to 30 damage causing accidents, to 600 near
misses, to uncountable unsafe acts. Although this conclusion
is summarized for a factory workplace, Heinrich’s work is
still claimed as the basis for the theory of behavior-based
safety.

Research on traffic violations mainly focuses on the
following two points.,e first concern is the impact of traffic
enforcement on traffic crashes, namely, “can traffic en-
forcement reduce traffic crashes?” Research by Bjørnskau
and Elvik et al. [9] shows that road users tend to abide by the
law if the police are observed, and violate if there are no
police around. ,is means that most attempts at on-site
enforcement will not have lasting effects, either on the road-
user behavior or on the crashes. However, Retting et al. [10]
suggested that electronic police enforcement can generally
reduce violations by an estimated 40–50%. Similarly, Jiang
et al. [11] revealed that, in China, the crash volume is re-
duced by about 40% after installing the electronic police
facilities at the intersection, and it also has a deterrent effect
on the surrounding intersections [12]. ,e above conclu-
sions support the utilization of electronic enforcement fa-
cilities. Nevertheless, electronic enforcement can also cause
some side effects, especially for certain types of traffic
crashes. For example, Persaud et al. [13] found that after
installing a red-light-running camera, although the right-
angle crashes reduced by 26%, the number of rear-end
crashes increased by 18%.

,e second research hot issue on traffic violation is to
investigate the quantitative relationship with traffic crashes.
However, due to privacy concerns, the actual traffic violation
record data is hard to obtain from traffic management
authorities. Conventional studies [14] are often carried out
using questionnaires. Related studies [15, 16], meta-analysis
[17], and a review article [18] all show a statistically sig-
nificant positive correlation between traffic violations and
traffic crashes. Yoh et al. [19] illustrated that the type of
specific illegal behavior is related to the severity of the crash.
Wang et al. [7] conducted a descriptive analysis using the
traffic violation statistical data in China from 1995 to 2005
and inferred that five kinds of illegal behaviors such as
speeding and drunk driving caused 40% of fatal crashes.

Summarizing the above studies, it is not difficult to find
that (a) electronic police enforcement can significantly in-
hibit traffic violations and (b) there is a clear positive relation
between traffic violations and crashes. However, (a) much of
previous research has been based on self-report data and,
therefore, may be affected by social desirability bias. (b) As
far as we can find, the relevant researches are concerned
about the relationship between a certain type of traffic vi-
olation (such as red-light running) and the crash. In fact, the
accidents that happen at an intersection in one year are
bound to be related to different kinds of traffic violations.
Hence, there is a need for further work using a different data
source and investigating the relationship between multiple
kinds of traffic violations and crashes. In particular, there is a
lack of research on traffic violations at intersections, wherein
around 30% of traffic crashes happen. ,erefore, this paper
will conduct further study on traffic violations based on
empirical data.

3. Data

3.1. Research Site. A total of 31 four-legged signalized in-
tersections in Yinchuan and Suqian, China, are selected as
the research sites. Google Earth is utilized to explore the
spatial data for assisting in the selection of signalized in-
tersections. ,e selection criteria of research sites are as
follows:

(1) ,e intersections should be located in urban areas of
these two cities.

(2) ,e research site should be 90° intersections. Skewed
intersections tend to exhibit higher crash rates than
90° intersections [20], and the safety mechanisms for
skewed and 90° intersections are also different [21].
Hence, only 90° intersections will be included in this
study.

(3) ,e selected intersections should have a high traffic
volume in order to maximize the crash sample size
and reduce randomness. ,e annual average daily
traffic (AADT) is required to exceed 10,000 PCU.

(4) ,e selected intersection data should be complete.
Because of the damage of detectors, especially the
traffic-flow detectors, it is not easy to find inter-
sections with complete one-year records of traffic
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volumes, violations, and crashes. Additionally, there
are currently no GIS statistical crash data available,
so it is necessary to manually extract the crash re-
cord. Figure 1 shows the installation and monitoring
screen capture of the electronic police.

3.2. Descriptive Statistics. ,e 2017 annual traffic volume,
violation, and crash data for the above intersections are used
within this study. Among them, traffic volume and violation
data are exported through the electronic police system,
which can also automatically record the traffic volume every
5 minutes. Since the crash analysis reporting systems have
not been utilized in these two cities, the traffic crash data
were manually extracted from paper archives. ,e total
number of crashes for a signalized intersection is calculated
by both at-intersection and influenced-by-intersection
crashes [22]. ,e traffic crashes influenced by intersection
are those that occurred in road segments close to an in-
tersection. In this study, a traffic crash that occurred within
150m from the center of the intersection is classified as the
influenced-by-intersection crash [23].

,e descriptive statistics of traffic crashes and traffic
violations in these two cities are shown in Table 1.

,e statistics result shows that there were 3,696,659
traffic violations and the ratio of injury-or-fatal crashes,
property-loss crashes, and traffic violations was 1 :1.32 : 27
181.31. As shown in Figure 2, compared with Heinrich’s
Triangle, it can be found that the ratio of injury-or-fatal
crashes to non-injury-or-fatal crashes in the traffic field is
larger; that is, the severity of traffic crashes is often higher
than that of factory accidents. Additionally, the ratio of
traffic crashes and traffic violations in the traffic field is
smaller, which indicates that drivers often lead to crashes
after multiple illegal operations compared to factory
production.

Traffic crashes, in this study, are classified into two types:
injury-or-fatal crashes and property-loss crashes. A total of
315 crashes were recorded during the study period, in-
cluding 135 injury-or-fatal crashes and 180 property-loss
crashes, as shown in Figure 3. At the same time, as men-
tioned before, the electronic police installed at a signalized
intersection in China can record multiple types of traffic
violations. ,ere are seven types of traffic violations data
collected in this paper: designated approach lane violation

(1208), driving commercial vehicle during internship (1234),
wrong-way entry (1301), against traffic signs (1344), against
traffic marks (1345), speeding (0∼20% over the speed limit)
(1352), and against signals (1625).

4. Methodology

4.1. White’s Test. Since the research sites of this study are
distributed in two different cities, it is of considerable im-
portance to explore whether the data are nested. If the data is
nested, the variance of the errors in a regression model is not
constant. One can also disaggregate the data of intersections
in different cities into a general linear regression model, but
this will violate the homoscedasticity hypothesis. ,e test,
which is an estimator for heteroscedasticity-consistent
standard errors, was proposed by White [24].

White’s test is used to test for heteroscedastic (“differ-
ently dispersed”) errors in regression analysis. ,e null
hypothesis for White’s test is that the variances for the errors
are equal; that is,

original Hypothesis : H0 � δ2i � δ2. (1)

And the alternate hypothesis (the one we are testing) is
that the variances are not equal:

alternateHypothesis : H1 � δ2i ≠ δ
2
. (2)

STATA 12 software package is employed in this study,
and the result of White’s test is shown in Table 2.

It can be seen that the P value is 0.42> 0.1, which means
rejecting the alternate hypothesis H1 and accepting the
original hypothesis H0. ,at is, data in this research is
homoscedastic.

4.2. Multiple Linear Regression Model. Since the data in this
paper satisfies the homoscedasticity hypothesis, we consider
establishing a multiple linear regression model in which the
number of traffic crashes is the dependent variable and the
numbers of traffic violations for each violation type are the
independent variables. In addition, we also need to test
whether the relationship between crashes and violations is
heterogeneous between cities, so the city is also introduced
into the model as a dummy variable.

Model 1:Y � α0 + α1X1 + α2X2 + · · · + αiXi + μ,

Model 2:Y � β0 + β1X1 · · · + βiXi + βi+1city + βi+2city · X1 · · · + β2i+1city · Xi + μ′,
(3)

where Y is the number of traffic crashes in the intersection;i
varies from 1 to 7 and corresponds to one of the violation types
in this research (see Table 3); Xi is the number of the ith traffic
violation; city is a dummy 0-1 variable; αi is the regression
coefficient ofmodel 1; βi is the regression coefficient ofmodel 2;
μ is the residual of model 1; and μ′ is the residual of model 2.

5. Results

5.1. Model Results. ,e parameter estimation results for the
model 1 and model 2 are illustrated in Table 3. It can be seen
that the P values of the variables associated with city are
greater than 0.1, which indicates that the city variable has
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insufficient ability to interpret the dependent variables. As a
result, the model 1 is chosen in the end.

In model 1, the value of R squared is 0.7814, and the
adjusted R squared is 0.7149, which shows that this model has
a good fit. We found that there are a total of 4 independent
variables (driving commercial vehicle during internship,
wrong-way entry, speeding (0∼20% over speed limit), and
against signals) that are statistically significant enough to
cause considerable traffic crashes.

5.2. Discussion. Among the four types of traffic violations,
driving commercial vehicle during internship (1234) has
the highest traffic crash risk. Its regression coefficient is
0.0422, which indicates that traffic crashes are expected to
increase by 0.0422 times for each increase of driving
commercial vehicle during internship violations. In China,
with the rapid development of public transportation, the
drivers holding A1 driving license are in short supply;
however, according to the law in China, buses must be

1: death
accident

10: serious
accidents

30: minor
accidents

600: near misses

Null: unsafe acts

1: serious
crash

(injury-or-fatal)

1.32: minor 
crash (property-

loss)

27181: misses and unsafe
act (traffic-law violation)

1

2.72

>54.54

Heinrich’s triangle of factory accidents A similar triangle of traffic crashes

Figure 2: ,e comparison of Heinrich’s triangle between factory accidents and traffic crashes.

(a) (b)

Figure 1: ,e installation and monitoring screen capture of the electronic police. (a) Installation. (b) Screen capture.

Table 1: Descriptive statistics of variables.

Description∗ Mean S.D. Max. Min.
,e number of traffic crashes 10.15 6.88 24 2
,e number of property-loss crashes 5.80 5.38 17 0
,e number of injury-or-fatal crashes 4.38 1.68 8 2
Designated approach lane violation (1208) 20725.06 9318.77 54853 8448
Driving commercial vehicle during internship (1234) 92.13 42.81 159 27
Wrong-way entry (1301) 4306.06 2841.62 12190 817
Against signs (1344) 23894.03 9654.51 48758 10078
Against marks (1345) 27982.35 10686.43 51806 11890
Speeding (0∼20% over speed limit) (1352) 33696.52 15594.46 97516 14268
Against signals (1625) 8550.90 3171.46 18284 2973
Some of the variable descriptions are followed by brackets, which is the traffic violation code, based on the “People’s Republic of China Public Safety Industry
Standard: Codes for Classification of Traffic Violation Actions (GA/T 16.31-2017).”
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driven by an A1-licence driver, which is the highest level of
Chinese driving license system. ,e A1 driving license
cannot be obtained directly in China but must be upgraded
from a B-level driving license. At the same time, after
passing the A1-license exam, there is a one-year internship

period during which driving commercial vehicles such as
buses are not allowed. Driving commercial vehicles re-
quires higher driving skills; hence, driving commercial
vehicles during internship illegally will lead to higher traffic
crash risk.

Table 3: ,e result of White’s test.

Variable
Model 1 Model 2

Regression
coefficient Std. error t

value P value Regression
coefficient Std. error t

value P value

Designated approach lane violation
(1208), X1

0.000147 0.000255 0.57 0.571 0.0000609 0.000519 0.12 0.908

Driving commercial vehicle during
internship (1234), X2

0.042167 0.017219 2.45 0.022∗ 0.0461448 0.0309232 1.49 0.156

Wrong-way entry (1301), X3 0.001702 0.000508 3.35 0.003∗ 0.0020574 0.0008136 2.53 0.023∗
Against signs (1344), X4 0.000156 0.000156 1 0.327 0.0000645 0.0002485 0.26 0.799
Against marks (1345), X5 −7.9E− 05 0.000151 −0.52 0.605 0.0000229 0.0002433 0.09 0.926
Speeding (0∼20% over speed limit)
(1352), X6

−0.00027 0.000148 −1.82 0.081∗ −0.0002749 0.0002927 −0.94 0.363

Against signals (1625), X7 0.001286 0.000499 2.58 0.017∗ 0.0012029 0.0006336 1.9 0.077∗
City 0.5633981 3.105556 0.18 0.858
City·X1 −2.70E-06 0.0003241 −0.01 0.993
City·X2 −0.0152558 0.0209794 −0.73 0.478
City·X3 −0.0006035 0.0006589 −0.92 0.374
City·X4 0.0001937 0.0001923 1.01 0.33
City·X5 −0.0001082 0.0001865 −0.58 0.571
City·X6 −0.0000623 0.0002778 −0.22 0.826
City·X7 0.0003057 0.0007569 0.4 0.692
Constant −7.48794 0.53862 −2.95 0.007 −6.887317 4.392542 −1.57 0.138
R squared 0.7814 0.8399
Adjusted R squared 0.7149 0.6798
Note. ∗Significance level of 0.1.

Property-loss crash,
180, 57%

Injury-or-fatal crash,
135, 43%

(a)

1208,
17.38%

1234
0.08%

1301, 3.61%

1344,
20.04%

1345,
23.47%

1352,
28.26%

1625,
7.17%

(b)

Figure 3: Descriptive statistics of crash severities and traffic violation types. (a) Proportions of crash severities. (b) Proportions of traffic-law
violation types.

Table 2: ,e result of White’s test.

Source Chi-square Degree of freedom P value
Heteroscedasticity 31.00 30 0.42
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Wrong-way entry (1301) violation is the second highest
violation of traffic crash risk. In model 1, the coefficient is
0.0017, which means that, for every 10,000 such traffic viola-
tions, it is expected that there will be 17 traffic crashes. Wrong-
way entry generally leads to a frontal collision that can cause
serious casualties. Wrong-way entry behavior at intersections
in China is usually due to the large size of intersections and the
lack of guidingmarks inside. In particular, if there is nomedian
between the entrance and exit lane in one leg of the large-sized
intersection, it is easier for drivers to drive into the entrance
lane after turning left and eventually lead to frontal collision
with the approaching/queuing vehicles.

Similarly, another dangerous traffic violation is going
against signals. ,e regression coefficient of this variable is
0.0013, which shows that each against-signal violation will
result in 0.0013 crashes. ,e against-signal behavior
recorded by the electronic police in China is actually red-
light running. Numerous other studies [25–27] have also
shown a significant positive correlation between red-light
running and traffic crashes.

Some researches show positive correlations between
speeding and traffic crashes. However, in this study, an
interesting conclusion is obtained that the regression co-
efficient is negative. ,is should be related to the unrea-
sonable speed management of Chinese urban roads.
According to the code of urban road design in China, the
design speed at intersections should be 0.5∼0.7 times that of
the adjacent road segment, as shown in Figure 4, and the
traffic management departments often use this value as the
speed limit at intersection. At the same time, Chinese drivers
are taught to slow down when driving through intersections,
even if they are facing the green light [28]. ,e speed limit at
intersections thus leads to overloading of the driving task
[29] and a decrease of speed smoothness [30]. ,erefore, it
can be considered that, under the premise of unreasonable
speed limit, a proper increase in the speed limit at inter-
sections may lead to a reduction in the number of crashes.

Additionally, we find that there is no statistically sig-
nificant correlation between against signs/marks and traffic
crashes. ,e so-called against signs/marks in these two cities
essentially refer to an uncivilized driving behavior called
“cutting in lane,” that is, approaching the intersection from
the adjacent lane, crossing the lane-separation mark, and
forcing through the way between the queuing vehicles.
However, since this situation is common in some Chinese
cities, drivers are likely to have the concept of defensive
driving [31]; as a result, such traffic violation will not sig-
nificantly lead to traffic crashes.

In addition, here we use the multiple linear regression
model to describe the relationship between the AADTand the
number of traffic crashes, as shown in Figure 5. It can be seen
that there are significant positive linear correlations between
the number of property-loss/injury-or-fatal crashes and the
AADTof intersections. An understandable explanationmay be
that a high intersection of AADTmeans a higher probability of
traffic congestion, which leads to the increase of illegal lane
changes. ,erefore, the crash rate increases. However, it is
worth noting that the relationship between them is the ex-
ponential model in the highway safety manual [32].

When we use the crash rate instead of the crash number
as the dependent variable in the model, it is interesting to
find that although the crash rate of property-loss crash is still
positively correlated with the AADT, however, the rela-
tionship between the AADTand the crash rate of injury-or-
fatal crash rate is negative, as shown in Figure 6. ,is reveals

Speed limit 0.5~0.7V

Speed limit V

Figure 4: ,e speed limit at intersections and adjacent road
segments in China.
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that, in this research, intersections with smaller traffic
volumes often have higher traffic crash severity. ,is may be
due to the fact that the smaller traffic volume can signifi-
cantly increase the speed of the vehicle, thereby increasing
the severity of the crashes [30].

6. Conclusions and Recommendations

According to our dataset, there is a significant linear rela-
tionship between traffic crashes and violations. At the same
time, the city-related variables are not significant in our
research. ,is suggests that the above result may be statis-
tically stable between different cities.

,e model shows that four kinds of traffic violations can
significantly lead to traffic crashes, namely, driving com-
mercial vehicle during internship, wrong-way entry,
speeding, and traffic-light violation. Based on the above
conclusions, the traffic management authorities can be
recommended to conduct more targeted enforcement and
reasonable speedmanagement measures. Additionally, some
countermeasures can also be taken. For example, at inter-
sections with high frequency of wrong-way entry violation,
guide marks can be drawn and a median can be set between
the approach and exit lane to reduce the crashes caused by
this traffic violation.

At the same time, we found that the total number of
traffic crashes increased with higher AADT at the inter-
section. However, the injury-or-fatal rate of the crash de-
creased with the increase of the AADT. ,is means that
intersections with smaller traffic volumes have higher traffic
crash severity. ,erefore, this suggests that, in order to
improve the overall safety of the road network, it is necessary
to invest management resources not only at the intersection
of large traffic volume, but also at the intersections of small
traffic volume, such as intersections at rural or suburban
areas.

Since the traffic crash and violation data is not available
to the public in China, acquisition of research data is dif-
ficult; hence, the sample size in this study consists of only
two cities. In the future, more data will be collected from
different cities to verify the relationship.
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