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A B S T R A C T

Mapping knowledge domain (MKD) is an important application of visualization technology in Bibliometrics,
which has been extensively applied in psychology, medicine, and information science. In this paper we conduct a
systematic analysis of the development trend on road safety studies based on the Science Citation Index
Expanded (SCIE) and Social Sciences Citation Index (SSCI) articles published between 2000 and 2018 using the
MKD software tools VOSviewer and Sci2 Tool. Based on our analysis, we first present the annual numbers of
articles, origin countries, main research organizations and groups as well as the source journals on road safety
studies. We then report the collaborations among the main research organizations and groups using co-au-
thorship analysis. Furthermore, we adopt the document co-citation analysis, keywords co-occurrence analysis,
and burst detection analysis to visually explore the knowledge bases, topic distribution, research fronts and
research trends on road safety studies. The proposed approach based on the visualized analysis of MKD can be
used to establish a reference information and research basis for the application and development of methods in
the domain of road safety studies. In particular, our results show that the knowledge bases (classical documents)
of road safety studies in the last two decades have focused on five major areas of “Crash Frequency Data
Analysis”, “Driver Behavior Questionnaire”, “Safety in Numbers for Walkers and Bicyclists”, “Road Traffic Injury
and Prevention”, and “Driving Speed and Road Crashes”. Among the research topics, the five dominant clusters
are “Causation and Injury Severity Analysis of Road Accidents”, “Epidemiologic Study and Prevention of Road
Traffic Injury”, “Intelligent Transportation System and Active Safety”, “Young drivers’ driving behavior and
psychology”, and “Older drivers’ psychological and physiological characteristics”. Finally, the burst keywords in
research trends include Cycling, Intelligent Transportation Systems, and Distraction.

1. Introduction

Road crashes result in about 1.3 million fatalities and 50 million
severely injuries worldwide every year. The number of road deaths is on
the rise despite the continuing improvements in road safety
(International Transport Forum, 2017). Road accidents put significant
financial strain on families and the society. Many families fell into
poverty due to the burden of long-term medical expenses, the loss of
incomes, or the need to care for the disabled relative (Mohan et al.,
2006). To this end, road safety research plays a significant role in the
improvement of the socio-economic by reducing the occurrences and
severities of road accidents.

Through a periodical review of research in road safety, it can be
beneficial to understand the research status and identify gaps. However,
the majority of literature reviews in this domain have been based on the

summary of literatures with, and require a long-term accumulation,
summarization and extraction of research activities in the domain. The
existing reviewing approach thus often does not give the entire picture
of road safety research which motivates the development of a new
method in this paper. Using high-performance computers, more com-
plete databases and information visualization technology, the mapping
knowledge domain (MKD) methods provide a new way to conduct such
a literature survey. In recent years, the MKD methods have been widely
applied in exploring disciplinary development status, research frontiers,
research hotspots, and systematic reviews (Zhu and Hua, 2017; van
Nunen et al., 2017; Vega-Almeida et al., 2018; de la Hoz-Correa et al.,
2018; Gaede and Rowlands, 2018). This paper proposes the use of MKD
and employs bibliometric methods to proceed quantitative analyses,
explores the research status in road safety research to objectively reveal
the research development status, identify the research fronts and
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hotspots in the domain of road safety studies.

2. Methodology

Bibliometric analysis is a kind of document analysis methods which
takes the advantage of bibliometric theory to analyze pertinent litera-
tures through the use of mathematical and statistical approaches. It
studies the distribution profiles, quantitative relations and clusters of
the literatures. Within bibliometric analysis, MKD is a method to vi-
sually present the knowledge on a certain field of subject by means of
data mining, information analysis, scientific measurement and graphic
plotting. It has the function of knowledge navigation and belongs to the
category of Scientometrics (Shiffrin and Börner, 2004). Bibliometric
methods and MKD, with the advantages of comprehensive quantitative
statistics, visual information display, objective description and evalua-
tion, have become an important tool for global analysis and investiga-
tion in various scientific areas.

2.1. Data source and research process

The SCIE and SSCI citation index database in the Web of Science
(WOS) Core Collection were retrieved as the source for this study. The
retrieval topic was “Road Safety”, the timespan was “from 2000 to
2018”, and the document type was “Article”. A total of 9835 pertinent
publications were collected, and the last update of the data was on May
9, 2018. The retrieved results were saved as a “Plain Text” with “Full
Record and Cited References”. Note that only the “road safety” keyword
was used in this study and the number might change with additional
keywords added to the search. Nevertheless, the methodology proposed
herein remains unchanged and the findings in this paper are applicable
for multiple keywords search.

2.2. Analytical tool and method

The main method in this study is based on Scientometrics, and the
analysis software used include VOSviewer and Sci2 (Science of Science)
Tool. VOSviewer, developed by van Eck and Waltman (Leiden
University) in Netherlands, is a literature knowledge unit visualization
software based on Visualization of Similarities (VOS) technology, which
has unique advantages in the display of mapping knowledge domains,
especially in the aspect of clustering (van Eck and Waltman, 2010). The
layer label display technology of VOSviewer enables the node of dense
network to be clearly displayed through interactions, therefore, it is
especially suitable for analyzing large-scale data and constructing
complex networks. In the latest VOSviewer version 1.6.6, the co-oc-
currence network, citation network and coupling network can be con-
structed using file formats such as. net,. mat and. txt. The Sci2 Tool,
developed by the research team of Börner (Indiana University) and
Boyack (SciTech Strategies) in USA, is a modular toolset specifically
designed for the study of science (Sci2 Team, 2009). The Sci2 Tool,
embedded with a variety of database functions, can load data sets in the
different formats to conduct fundamental analysis on Scientometrics,
such as co-occurrence analysis, citation analysis, coupling analysis and
burst detection analysis. The maps of knowledge domains can also be
created by a variety of visualization algorithms built in the Sci2 Tool.

Mapping the knowledge domain is a kind of image which shows the
development process and structural relationship on the scientific
knowledge. It has the dual nature and characteristics of “graph” and
“genealogy”, which means it is not only a visual knowledge graph but
also a serialized knowledge genealogy, showing many implied complex
relationships including network, structure, interaction, intersection,
evolution, or derivative among knowledge units or knowledge clusters.
Understanding these complex knowledge relationships can thus pro-
duce a new knowledge. The drawing (or creating) of mapping knowl-
edge domains includes co-citation analysis, co-occurrence analysis and
burst detection analysis as explained below.

• Document co-citation analysis: In Scientometrics, citing documents
form the research frontier in a certain field, and the cited documents
form a knowledge base in that field. The document co-citation
analysis is based on the statistics of the number of two documents
being cited by one or more documents at the same time, so as to
conduct the network analysis and cluster analysis for the cited
documents and thus analyze the knowledge base of the certain
subject represented by these documents.

• Keywords co-occurrence analysis: The keywords in academic pub-
lications are the natural language words that express the thematic
concepts of documents. The keywords condense authors’ academic
viewpoints, making it an important indicator in bibliometrics.
Keywords co-occurrence analysis is based on the statistics of the
number of a pair of keywords being cited in the same document, so
as to conduct the network analysis and cluster analysis for these
words and thus reveal the knowledge structure and research frontier
of a certain subject.

• Burst detection analysis: Burst detection analysis takes into account
the change of keyword frequencies and identifies the keywords with
burst growth characteristics in a certain time period on a certain
research sector, which can be used to study the development trend
of a certain topic. It is different from the burst detection analysis
based on threshold values, although each keyword may be used
relatively less frequently, the burst keywords can be found ac-
cording to the change of keyword frequencies over time, and thus
the latest research trend can be predicted through such keywords.

2.3. Construction of co-word similar matrix

The construction of the keywords co-occurrence matrix is the basis
of conducting cluster analysis. Counting the number of times of any two
keywords appearing in the same documents, and n keywords can build
a ×n n co-occurrence matrix, which defines the similarity matrix S:

=S s( )ij (1)

where ≥s 0ij is a similarity measure defined below and =s sij ji,
∈ ⋯i j n, {1, 2, , }
The idea of using the association strength in VOS to express the

relationship between two objects is to cluster the objects with high si-
milarity as much as possible, while the objects with low similarity
should be separated as far as possible (van Eck and Waltman, 2007).
VOSviewer uses association strength method to calculate the similarity
sij between the objects i and j in a map as:

=s
c

W Wij
ij

i j (2)

where sij denotes the similarity between the objects i and j,
cij denotes the co-occurrence times of the objects i and j,
Wi and Wj denote the occurrence times of the objects i and j re-

spectively.
Note that van Eck and Waltman (2009) specially discussed the ad-

vantages of this measure comparing to other similarity measures (such
as the cosine, the inclusion index, and the Jaccard index).

2.4. Construction of knowledge domain maps

In order to make the clustering effect more obvious, the main idea of
VOS is to minimize the sum of the weighted Euclidean distances of all
the objects in each cluster, where the distance of each cluster can be
determined with following equation:

∑= −
<

E X S s x x( ; ) || ||
i j

ij i j
2

(3)

where • denotes the Euclidean norm. In order to avoid all similar
objects appearing in the same position, the following constraint con-
dition is used:
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In density view, the color of a point in a map is determined by the
point density, the average distance between two points is represented
by a distance d as follow:

∑=
−

−
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D X( ) represents the density of point X x x( , )i j given by:
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where ∈ ∞k [0, ) denotes kernel function,
>h 0 denotes kernel width parameter,

Wi denotes the weight of object i, namely the total frequency that i
appears,

The kernel function shall be non-increasing, and VOS uses the
Gaussian kernel function = −k t e( ) t2.

After calculating the densities of objects, the color of a point in the
map is determined by two steps:

Step 1: Calculating the weighted average of object colors in cluster
to obtain the color of the cluster, and the weight of one color is equal to
the object density of the corresponding cluster.

Step 2: Blending the color obtained in Step 1 with the background
color of the cluster density view, of which the background color is black
or white.

3. Document statistical analysis

3.1. Yearly quantitative distribution of literature

The quantity variations of academic papers on a subject is a vital
indicator of the development trend in that research area, and a reflec-
tion of change in the extent of the subject knowledge. By plotting the
quantity of literatures over time and conducting multivariate statistical
analysis, one can understand the research level and future development
trend in a certain field. The earliest research article on road safety re-
trieved from the Wed of Science was published in 1976, and 10,258
pertinent articles have been included by 2017. It can be seen from Fig. 1
that the quantities of documents of road safety studies have been

through four stages which are “Initial”, “Primary Development”,
“Consolidation and Stabilization”, and “Rapid Development” explained
below.

• Initial stage (1967–1990): From the first article of road safety
studies published in 1967 to the 1990s, there were few of related
research results in this field, and the maximum annual number of
published papers was only 7, which means a complete document
system had not yet been formed.

• Primary development stage (1991–1999): The number of pertinent
documents in this stage started to rise significantly with an average
annual growth of 8 articles. It can be considered that the field of
research for road safety was initially formed during this period.

• Consolidation and stabilization stage (2000–2009): With the in-
creasing emphasis on road safety from various countries, there had
been a steady-growth with an average annual growth of 30 articles
during this period.

• Rapid development stage (2010–2017): The pertinent documents
in this stage have an average annual growth of 80 articles. It in-
dicates that the research on road safety continues to increase and
has entered the phase of rapid development.

3.2. Quantitative analysis of productive countries

According to the retrieved results, the documents on road safety
studies come from 124 countries (or territories), and Table 1 lists the
Top–10 productive countries with a total number of 7923 articles which
accounts for 80.56% of the total publications. Most of the articles
published by the developed countries in North America and Europe
including two in North America, six in Europe, one in East Asia and one
in Oceania. As expected, USA is the most active country in road safety
research with a dominant output of 2347 articles, accounting for
23.86% of the total; As one of the emerging science forces (Rogers
Hollingsworth et al., 2008), China ranks second with 972 articles ac-
counting for 9.88%; while Australia ranks third with 948 articles ac-
counting for 9.64%. Rank at 4th and 5th places, Canada and England
(UK) accounted for 8.06% and 7.32%, respectively; Countries ranks
between 6th and 10th accounting for about 4% on average. These
productive countries are either economically developed or in at a rapid
development stage which take road safety a higher priority than other
countries.

Fig. 1. Quantitative distribution of published articles in road safety studies, 1967–2017.
Note: As the data in 2018 is still updating, it is not included in this figure.
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In VOSviewer, Citation Analysis was used to generate the knowl-
edge domain map of main research countries in road safety area. Fig. 2
is a density heat map which visually displays the occurrence of high-
frequency and related words in road safety research and its publica-
tions. The data in Fig. 2 is displayed as labels and the corresponding
heat map area. The color of the area centered by the corresponding
label (country) which depends on the number of articles published by
that country. The larger the number is, the warmer (redder) the color is.
While the smaller the number is, the cooler (bluer) the color is. Con-
centric color blocks have close links, while non-concentric color blocks
also have a certain link if they are connected by blocks with different
colors from the mazarine background. As shown in Fig. 2, the countries
with larger nodes are at the central positions of blocks in this density
view.

Observe that USA, China and Australia are in the central positions
(reddish) of the map. Yuasa (1962), a Japanese science historian, de-
fined countries that claimed more than 25% of the major scientific
achievements of the entire world as the centers of scientific activity. In
accordance with the statistical data in Table 1, USA occupies almost one
fourth of the total number of published papers and exhibits the largest
density (also the reddest) in the map which indicates that USA is indeed
the international scientific center in road safety studies. China, despite
having started the road safety research program later with the increase
of car ownership, is in the second place in terms of the number of ar-
ticles. This fact demonstrates that China has become more and more
active in the international academic publications including the road
safety area. Australia, which has been committed to the betterment of
road safety since the 1970s, ranks third in road safety research in terms
of publications. Through decades of endeavors, Australia has become
one of the countries with the most satisfying situation with regard to
road safety. Moreover, it has produced many scientific and practical
outputs in all the aspects of road safety design, safety auditing and law
enforcement (Austroads, 2009). Some European countries, such as the
UK, France, Italy and Netherlands, have also been prominent in the
road safety studies as shown in Fig. 2.

3.3. Quantitative analysis of main research organizations

Through the analysis of organization cooperation, the information
on the most productive organizations and groups that are specialized in
a certain theme within the discipline can be identified. According to the
retrieved results, the documents on road safety studies come from 6166
organizations, and the Top–10 organizations with the largest number of
published papers are listed in Table 2.

Often the research strength of universities is an indicator of the
country’s abilities in scientific research and innovation. It can be seen in

Table 1
Top–10 productive countries in road safety studies, 2000–2018.

Rank Countries/
Territories

Region Quantity Percentage Citations

1 USA North America 2347 23.864% 33,069
2 China East Asia 972 9.883% 7,783
3 Australia Oceania 948 9.639% 14,721
4 Canada North America 793 8.063% 9,520
5 England, UK Western Europe 720 7.321% 10,306
6 Italy Southern

Europe
486 4.942% 5,042

7 France Western Europe 475 4.830% 5,354
8 Spain Southern

Europe
446 4.535% 4,331

9 Germany Central Europe 385 3.915% 4,008
10 Sweden Northern

Europe
351 3.569% 4,904

Fig. 2. Density of main research countries in road safety studies.
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Table 2 that there are 9 universities who have contributed a total of
1082 papers accounting for 11% of the total publications in road safety.
Table 2 also shows that universities and institutes in Australia, China,
USA and some selected European countries are the main contributors
on road safety studies. These organizations have published 1166 pa-
pers, which occupies 11.86% of the total. Of the 6166 organizations,
5813 organizations, which occupies 94.28% of the total, have published
less than 10 papers. The results show that the published documents are
highly concentrated in a few organizations only.

In VOSviewer, Co-Authorship Analysis was adopted to generate the
knowledge domain map of main research organizations in order to
demonstrate the collaboration network among the research organiza-
tions in road safety studies. The distribution of research strength can be
found through collaboration network analysis, as shown in Fig. 3.

In Fig. 3, each node represents an organization, and the node sizes
indicate the number of published articles. The links between nodes

represent the collaborations where the greater width of the link
(namely link strength) means the closer collaborations. In the course of
generating the knowledge domain map of collaboration among main
research organizations, 82 items, 8 clusters and 352 links were dis-
played and selected through automatic clustering. The collaboration
knowledge domain map shows an obvious “locally centralized but
globally discrete” type, indicating not very close collaborations among
these organizations. This map also shows that Monash University has
the most articles, followed by Queensland University of Technology and
University of British Columbia. In terms of the number of links, Monash
University also has the highest number (links= 28), followed by
Queensland University of Technology (links= 26) and University of
British Columbia (links= 17), indicating that these organizations are
key nodes in the collaboration network. In terms of the link strength,
two organizations with high link strength are usually in the same city,
for example, the node that has the highest link strength with Monash
University is the University of Melbourne (Link strength= 19), where
both are located in Melbourne, Australia; the node that has the highest
link strength with Tongji University is Shanghai Jiao Tong University
(Link strength= 9), and both are in Shanghai, China.

3.4. Co-authorship analysis of main research groups

Because of the highly interdisciplinary nature of road safety studies,
researchers are coming from different domains, such as traffic en-
gineering, transport planning, mathematics, psychology, computer
science, medicine, and statistics etc., where complementary advantages
could be achieved through cooperation. Creating and analyzing the
knowledge maps of co-authorship network of productive authors can
provide valuable information for research organizations to develop
cooperation groups, for individual researchers to seek cooperation

Table 2
Top–10 productive organizations in road safety studies, 2000–2018.

Rank Organization Country Quantity Percentage

1 Monash University Australia 220 2.237 %
2 Queensland University of

Technology
Australia 215 2.186 %

3 University of British Columbia Canada 121 1.230 %
4 Delft University of Technology Netherlands 96 0.976 %
5 Tongji University China 95 0.966 %
6 National Technical University of

Athens
Greece 90 0.915 %

7 Institute of Transport Economics Norway 84 0.854 %
8 Tsinghua University China 84 0.854 %
9 University of Sydney Australia 83 0.844 %
10 University of Central Florida USA 78 0.793 %

Fig. 3. Collaboration network among main research organizations.
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opportunities, and for publishers to assemble editorial teams (to publish
books or special issues in journals). In VOSviewer, Co-Authorship
Analysis was used to generate the knowledge domain maps of main
research groups, as shown in Fig. 4.

In Fig. 4, each node represents an author, and the node sizes in-
dicate the number of published articles. The link connecting two nodes
stands for the cooperative relation between two authors, and the
thickness of the link stands for the intensity of cooperation. Overall, the
cooperation among productive authors is not close, however, there are
several co-authorship groups, such as the yellow group taking Professor
Mohamed Abdel-Aty (University of Central Florida) as the core, the
purple group taking Professor Tarek Sayed (University of British Co-
lumbia) as the core, and the blue group taking Professor Michael G.

Lenné (Monash University) as the core.
Co-authoring publications have critical significance for promoting

research innovation and knowledge sharing, as well as improving the
research quality. However, according to the analysis results on main
research groups, most productive authors are in fact independent au-
thors (grey nodes in Fig. 4) or work in pairs within the same organi-
zation, and the scale of such cooperation is nevertheless small and
unstable, lacking effective international exchange and cooperation.

3.5. Quantitative analysis of main source journals

Academic journals are important information carriers for the com-
munication, dissemination and inheritance of scientific achievements.

Fig. 4. Co-authorship network among productive authors.

Table 3
Top–10 main source journals in road safety studies, 2000–2018.

Rank Journal Title Citation Index Impact Factor Quantity Percentage

1 Accident Analysis & Prevention SSCI 2.685 1,263 12.842 %
2 Transportation Research Record SCIE 0.592 740 7.524 %
3 Traffic Injury Prevention SCIE

SSCI
1.290 308 3.132 %

4 Transportation Research Part F:
Traffic Psychology and Behaviour

SSCI 1.830 306 3.111 %

5 Journal of Safety Research SSCI 1.841 222 2.257 %
6 Safety Science SCIE 2.246 205 2.084 %
7 Injury Prevention SCIE

SSCI
1.482 185 1.881 %

8 IEEE Transactions on Intelligent Transportation Systems SCIE 3.724 163 1.657 %
9 International Journal of Injury Control and Safety Promotion SSCI 0.875 98 0996 %
10 IET Intelligent Transport Systems SCIE 1.194 95 0.966 %
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The journal analysis of an academic domain would identify the dis-
tribution of core journals in the field. Based on the retrieved results,
9835 articles were published by a total of 1950 journals, covering
Engineering, Psychology, Transportation, Telecommunications,
Business & Economics and other research domains. Journals with high
degrees of aggregation of road safety articles are listed in Table 3.

The index databases (as shown in Table 3) to which the listed
journals belong were retrieved through the Journal Citation Reports in
the Web of Science including 4 journals in SSCI, 4 journals in SCIE, and
2 journals in both SSCI & SCIE. The number of SSCI collected articles
(1889) is more than that of SCIE (1203), indicating that the majority of
road safety studies are social sciences. In terms of the number of articles
published by a journal, Accident Analysis & Prevention (AA&P) has the
most articles published for road safety. In the second place is the
Transportation Research Record (TRR). TRR collects excellent papers in
the Transportation Research Board (TRB) Annual Meeting which is the
largest international conference in Transportation. Traffic Injury Pre-
vention (TIP) ranks the third in terms of the number of articles pub-
lished. Overall, the core journals in road safety studies are either
multidisciplinary or interdisciplinary, indicating that road safety is a
multidisciplinary or interdisciplinary science with characteristics from
medicine, engineering, public health, social sciences and many other
disciplines.

3.6. Document co-citation analysis: knowledge bases of road safety studies

The knowledge bases of road safety studies can be categorized into
two types: 1) early fundamental documents on road safety; and 2)
documents with high co-citation frequencies. Through document co-
citation analysis, the important knowledge bases of the research field
can be found efficiently and conveniently from the mass of cited re-
ferences. Furthermore, the relevance and development process of
documents can also be analyzed and excavated. In VOSviewer, Co-
Citation Analysis was used to generate the cluster density map of
document co-citation of road safety studies (Fig. 5).

As shown in Fig. 5, the cluster density view divides the entire
knowledge network map into 5 clusters with different colors in ac-
cordance with the number and weight of nodes, and the relevance
among the nodes using the default clustering method in VOSviewer
(van Eck et al., 2010).

3.6.1. Cluster 1 (red): crash frequency data analysis
In this cluster, the classical document that has the largest density is

“The statistical analysis of crash-frequency data: A review of assessment
of methodological alternatives” by Lord and Mannering (2010) pub-
lished in Transportation Research Part A: Policy and Practice. The number
of co-citations is 148 with the largest total link strength of 750 which
suggests that this article has a crucial position in the co-citation net-
work structure.

In this paper, Lord and Mannering (2010) assessed the character-
istics of crash-frequency data, discussed the methodological alter-
natives and limitations for examining such data. The traditional mul-
tiple linear regression, Poisson regression and negative binomial
regression are well developed prediction modeling techniques of road
crashes. Moreover, new models such as neural network, Bayesian
neural network, and support vector machine have enriched the studies
in this area. After conducting a specific comparative analysis of these
models and approaches, Lord and Mannering (2010) believe that al-
though the modeling approaches and techniques for analyzing crash
frequency data have become increasingly complicated and more accu-
rate, the traditional Poisson regression and negative binomial regres-
sion are still valuable because of their conciseness and practicability.

3.6.2. Cluster 2 (green): driver behavior questionnaire
In this cluster, the classical document that has the largest density is

“Errors and violations on the roads: a real distinction?” by Reason et al.
(1990) published in Ergonomics. The number of co-citations is 127, and
the total link strength is 291.

For studying the relation between illegal driving behaviors and road
accidents, a driver behavior questionnaire (DBQ) which exhibits a high
reliability and validity is extremely crucial. Reason et al. (1990) es-
tablished the original version of DBQ, which includes two factors,
namely error and violation. The biggest difference between error and
violation lies in the diverse psychological roots and interference mode
demands. In particular, error is caused by the problems during the
process of cognition, while violation includes motivational components
and situational demands. Studies on the factor structure of DBQ
(Blockey and Hartley, 1995; Lawton et al., 1997; Aberg and Rimmo,
1998; Mesken et al., 2002) come into basically the same finding:
whether three-factor structure or four-factor structure, they are all the
subdivisions of the two-factor (errors and violations) structure. The
research significance of DBQ structure does not lie in the simple divi-
sion of its structure, but the discussion of causes behind different risk-
taking behaviors and various consequences. The division of DBQ
structure is significant for understanding the mechanisms of risk-taking
driving behaviors and for proposing effective intervening measures.

Fig. 5. Cluster density view of document co-citation network.
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3.6.3. Cluster 3 (blue): safety in numbers for walkers and bicyclists
In this cluster, the classical document that has the largest density is

“Safety in numbers: more walkers and bicyclists, safer walking and
bicycling” by Jacobsen (2003) published in Injury Prevention. The
number of co-citations is 108, and the total link strength is 307.

According to Jacobsen (2003), the increased levels of walking or
cycling contribute to safer walking or cycling, and accordingly the ef-
fect of “Safety in Numbers” was first proposed, which has been verified
in different cities and countries at different time periods. There is an
obvious inverse correlation between the rate of walking or cycling with
the mortality rate of walkers or bicyclists per trip and per kilometer.
Moreover, in all the studied cities or countries, the mortality rate of
walkers or bicyclists decreases with the rising level of walking or cy-
cling. Despite the possible reason of smaller motor vehicle volume, this
outcome could indicate a non-linear safety-in-numbers effect
(Woodcock et al., 2009). Many scholars (Geyer et al., 2006; Tin et al.,
2011; Johnson et al., 2014; Yao and Loo, 2016; Elvik and Bjørnskau,
2017; Fyhri et al., 2017) have adopted the data of various countries (or
regions) to explore the causes and mechanisms of the effect of safety in
numbers proposed by Jacobsen (2003).

3.6.4. Cluster 4 (yellow): road traffic injury and prevention
In this cluster, the classical document that has the largest density is

“World Report on Road Traffic Injury Prevention” edited by Peden et al.
(2004) and published by the World Health Organization (WHO). The
number of co-citations is 283 which is the biggest in the entire co-ci-
tation network, and the total link strength is 409.

The WHO named the World Health Day (WHD) on April 7, 2004 as
“WHD 2004: Road Safety” with the slogan “Road Safety Is No
Accident”, and road safety was discussed as an issue in the subsequent
United Nations General Assembly (UNGA) together with the issuance of
the “World Report on Road Traffic Injury Prevention”. The compilation
of this authoritative report convened a considerable number of senior
experts and scholars who analyzed the global impact brought by road
traffic injuries from multiple dimensions, and specifically analyzed the
risk factors influencing exposure, crash involvement, injury severity
and post-crash injury outcome in combination with data. On this basis,
corresponding intervening measures have been proposed from several
dimensions. After the release of this report in 2004, it has attracted
extensive attention from the academic circles and been cited for as
many as 3903 times in Google Scholar (recorded on May 12, 2018),
making it an important knowledge basis.

3.6.5. Cluster 5 (pink): driving speed and road crashes
In this cluster, the classical document that has the largest density is

“Driving speed and the risk of road crashes: A review” by Aarts and van
Schagen (2006) published in Accident Analysis & Prevention. The number
of co-citations is 151, and the total link strength is 349.

Driving speed has a direct influence on the occurrence and severity
of road accidents. In this paper, Aarts and van Schagen (2006) reviewed
the different models developed to reflect the relationship between
collision rates and driving speed (in terms of absolute speed and/or
speed dispersion), suggesting that roads with higher speed limits have
the higher crash potential. Based on their research results, many

Fig. 6. Keywords co-occurrence network of road safety studies.
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scholars have conducted a series of studies on the relation between road
safety and speed-related factors, such as variable speed limits (Yang
et al., 2013; Yu and Abdel-Aty, 2014), speed variation (Quddus, 2013;
Wang et al., 2016) and speed dispersion (Qu et al., 2014; Xu et al.,
2016).

3.7. Keywords co-occurrence analysis: main topic distribution and research
fronts of road safety

Keywords co-occurrence analysis is a common research method in
Scientometrics. It is used to analyze the link strength between co-oc-
currence keywords by studying their co-occurrence relation in a large
number of documents. Its purpose is to describe the internal composi-
tion relationship and structure in a certain academic domain as well as
to reveal the research fronts of that discipline. Research front refers to
the conceptual combination of a provisional research subject and its
basic research problems, as well as the rising or unexpectedly emerging
theoretical trends and new topics. In VOSviewer, Co-Occurrence
Analysis was used to generate the keywords co-occurrence network of
road safety studies, as shown in Fig. 6.

In Fig. 6, it can be seen that the frontier topics of road safety studies
form five clusters, and the keywords in the same cluster show greater
similarity in respect of research topic. With reference to the char-
acteristics and status of road safety studies, these five clusters were
analyzed respectively as follows:

3.7.1. Cluster 1 (blue): causation and injury severity analysis of road
accidents

(The co-occurrence keywords include: accident frequencies,
weather, exposure, geometric design, injury severity, models, speed,
prediction, regression)

Due to the unavoidability of road accidents (not all accidents can be
avoided), it is of great importance to reduce the frequency and severity
of road accidents as much as possible. Using statistical and machine-
learning models to analyze accident data and explore the complex re-
lationship between contributing factors and frequency and severity of
road accidents has become an important research branch.

Of all models used for causation and injury severity analysis of road
accidents, Models For Count Data are often used for analysis of the
contributory factors to crash frequency (Martin, 2002; Lord et al., 2005;
Wong et al., 2007); Discrete Outcome Models are often used for analysis
of the injury severities in crashes (Kim et al., 2007; Savolainen and
Mannering, 2007; Tay et al., 2011;), causation analysis of road acci-
dents (Sullman et al., 2002; Young and Liesman, 2007) and violation
analysis of traffic laws (Kim et al., 2008b); Structural Equation Models
were used to analyze the causal relationship between psychological
factors and driving behavior (Ulleberg and Rundmo, 2003; Machin and
Sankey, 2008); Classification and Regression Trees were used to iden-
tify the critical factors affecting road accidents (Chang and Chen, 2005;
Kashani and Mohaymany, 2011); non-regression models, such as Sup-
port Vector Machine Models (Li et al., 2012; Chen et al., 2016a, b),
Decision Tree Models (de Oña et al., 2013a, b; Abellán et al., 2013),
Naïve Bayes Models (Chen et al., 2016a, b) and Bayesian Network
Models (de Oña et al., 2013a, b; Prati et al., 2017; Zou and Yue, 2017),
were also used for the causation and injury severity analysis of road
accidents.

In recent years, the great improvement in computing power and
development of more sophisticated statistical techniques have con-
tributed to the rapid progress in developing road safety prediction
models. The multivariate multi-level complex modeling techniques are
gradually replacing the traditional univariate single-level modeling
methods that are based on linear model and Poisson model, and have
been validated and applied in practice (Deublein et al., 2013; Dong
et al., 2015; Fawcett et al., 2017; Iranitalab and Khattak, 2017; Basso
et al., 2018). The multivariate multi-level complex models integrate
multivariate response variables like frequency, severity and type of

road accidents, and also simultaneously consider socio-economic fac-
tors at the regional level, road environmental factors at traffic facility
level, vehicle and driver-related factors at accident level and other
multi-level influencing variables. In addition, the application of Baye-
sian estimation method and artificial intelligence (AI) modeling tech-
niques are two major development directions in this domain.

3.7.2. Cluster 2 (red): epidemiologic studies and prevention of road traffic
injury

(The co-occurrence keywords include: epidemiology, helmet use,
crashes, trauma, injury, mortality, prevention, impact, risk)

Road traffic injury (RTI) is not only a road safety concern but also an
important public health issue. RTI claims more than 1.2 million lives
each year, thus deeply impacts health and society (World Health
Organization, 2015). Injury epidemiology is mainly used to analyze the
causes and types of personal injuries in road accidents, to study the
human factors, environment and engineering technology, and to eval-
uate the effectiveness of various measures taken in the process of RTI
protection.

The existing epidemiologic studies of RTI are mainly based on the
distribution, risk factors and prevention of RTI. The distribution re-
search of RTI include temporal distribution (Connor et al., 2002;
Nakahara et al., 2005; Akaateba et al., 2014), spatial distribution
(Odero et al., 2003; Oluwadiya et al., 2009), age distribution (Kim
et al., 2008a; Chini et al., 2009; Wong et al., 2009), road user type (Naci
et al., 2009; Constant and Lagarde, 2010; Hatamabadi et al., 2012), and
type of injury (Oluwadiya et al., 2009). The risk factor research of RTI
include fatigue driving (Connor et al., 2001; Bunn et al., 2005; Robb
et al., 2008), driving under the influence of alcohol (Connor et al.,
2004; Di Bartolomeo et al., 2009; Ditsuwan et al., 2013), driving under
the influence of drugs (Smink et al., 2005; Michael Walsh et al., 2005;
Elvik, 2013), seatbelt non-use (Bendak, 2005; Movahedi et al., 2010;
Abbas et al., 2011), helmet non-use (Valent et al., 2002; Liu et al., 2008;
Kim et al., 2017), and speeding (Bener and Alwash, 2002; Abegaz et al.,
2014). Accordingly, many scholars have studied the prevention of RTI,
such as speed zone setting (Noland et al., 2008; Grundy et al., 2009;
Steinbach et al., 2011), utilization of speed cameras (Pilkington and
Kinra, 2005; Pérez et al., 2007; Wilson et al., 2010), alcohol-impaired
driving law enforcement (Nagata et al., 2008), and seat belt law en-
forcement (Houston and Richardson, 2002; Cohen and Einav, 2003;
Farmer and Williams, 2005).

However, the current epidemiologic studies of RTI mostly position
at the descriptive research level, with less analytic research, not to
mention the experimental research. In future, the study of RTI should
be further expanded to other fields, such as the study of behavior and
environment related to RTI. More measures need to be taken, such as
strengthening the analytic and experimental researches, establishing
the monitoring systems of road accidents, and carrying out the eva-
luation research of road accident prevention. They will allow the epi-
demiologic studies of RTI to play a more active and effective role in
improving road safety.

3.7.3. Cluster 3 (green): intelligent transportation system and active safety
(The co-occurrence keywords include: ad-hoc networks, intelligent

transportation systems, vanets, simulation, active safety, vehicular
networks, and identification)

In the development of modern transportation systems, Intelligent
Transportation System (ITS) is an important research area, and also one
of the most important technological means to realize road safety in the
contemporary world. At present, there are a great variety of ITS tech-
nologies, and based on the idea of "Haddon Matrix" (Haddon, 1999)
which considers road accidents from the perspective of development
process (pre-crash phase → crash phase → post-crash phase), the ITS
technologies can improve road safety from the following three levels:

• Reduce the number of traffic conflicts to eliminate the occurrence
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possibility of a road accident, such as Intelligent Speed Adaptation
(Carsten and Tate, 2005; Vlassenroot et al., 2007; Lai et al., 2012),
Electronic Stability Control (Erke, 2008; Høye, 2011; Strandroth
et al., 2012), and Anti-Lock Braking Systems (Broughton and
Baughan, 2002; Mirzaei and Mirzaeinejad, 2012)

• Reduce the severity of a road accident when it occurs, such as Brake
Asist System (Oh et al., 2009; Badea-Romero et al., 2013) and
Collision Avoidance Systems (McLaughlin et al., 2008; Brännström
et al., 2013).

• Shorten the time for rescue to reduce the possibilities of serious
injury and death after a road accident, such as eCALL (Jarašūniene
and Jakubauskas, 2007) and Automatic Collision Notification
(Ponte et al., 2016).

In recent years, the driving assistance systems used to improve
driving safety have been greatly improved. Furthermore, new emerging
technologies such as vehicle-vehicle communication, vehicle-road
communication, event detection and autonomous vehicles will be
widely used in the road traffic system in the foreseeable future. Thus,
researchers must consider whether driving behavior and its safety will
be affected and what changes will take place during the mix-driving
period of traditional and new-technology vehicles. It is necessary to
study the reciprocal and mutual effects between driving behaviors and
ITS technologies and systems.

3.7.4. Cluster 4 (purple): young drivers’ driving behavior and psychology
(The co-occurrence keywords include: adolescents, attitudes,

drinking, novice drivers, personality, speeding, violations, driver be-
havior, and sensation seeking)

Young drivers are universally recognized as a major problem in
public health and injury prevention due to their persistent over-
representation in road crashes (Scott-Parker et al., 2015). Young drivers
are more prone to road accidents due to lack of experience and sensa-
tion seeking (Jonah et al., 2001; Clarke et al., 2006; Mayhew, 2007;
Braitman et al., 2008; Scott-Parker et al., 2009; Cestac et al., 2011). A
large number of studies indicate that, compared to senior drivers,
young drivers are more prone to speeding (Clarke et al., 2005), viola-
tions and crashes (Hirsch et al., 2006), dangerous driving behaviors
(Palk et al., 2011), texting while driving (Nemme and White, 2010),
aggressive driving behaviors (Shinar and Compton, 2004; Constantinou
et al., 2011; Lambert-Bélanger et al., 2012), and overestimate their
driving skills, thereby underestimating the potential dangers in the
driving environment (White et al., 2011; De Craen et al., 2011).

Driving behavior and psychology of young drivers, especially young
novice drivers, have been an important research topic in the field of
road safety. This topic focuses on studying the fields related to road
users, including the relationship between drivers and vehicles, drivers
and road environment, drivers and pedestrians and other road users. In
the domain of road safety psychology, young drivers' personality, be-
havior, perception and attitude are all the key research directions. This
kind of research is mostly realized by questionnaire survey, and the
simulation experiments using vehicle driving simulators are more and
more applied to such research.

3.7.5. Cluster 5 (yellow): older drivers’ psychological and physiological
characteristics

(The co-occurrence keywords include: older drivers, distraction,
ability, disease, dementia, fatigue, driving performance, reliability,
sleepiness)

With aging population, the increased number of elderly drivers not
only changes the characteristic of the traffic flow, but also requires
more specific attention to their driving ability and safety. In particular,
the vision, perception, self-regulation, reaction ability and many other
psychological and physiological aspects of older drivers will directly
affect their driving behaviors and driving abilities (Mori and Mizohata,
1995; Anstey et al., 2005; Cantin et al., 2009). As the psychological

factors of drivers are the important factors affecting drivers’ behaviors,
many scholars have studied the older drivers from the aspect of in-
dividual psychological factors, including personality and attitudes
(Owsley et al., 2003; Schwebel et al., 2007; Classen et al., 2011; McPeek
et al., 2011; Nichols et al., 2012; Lucidi et al., 2014), self-assessment
(Marottoli and Richardson, 1998; McPeek et al., 2011; Siren and Meng,
2013), self-regulation (Benekohal et al., 1994; Molnar and Eby, 2008;
Blanchard and Myers, 2010). With the increase of age, the changes of
physiological characteristics of older drivers lead to the decline of
driving ability, thus affecting safe driving. Such studies on physiological
characteristics of older drivers including nervous system and cognitive
function (Anstey et al., 2005; Devlin et al., 2012; Ferreira et al., 2013;
Aksan et al., 2015), perception and reaction ability (Bieliauskas, 2005;
Horswill et al., 2008; Anstey and Wood, 2011; Boot et al., 2014), visual
sense (Wood, 2002; Mainster and Timberlake, 2003; Clay et al., 2005),
and hearing sense (Green et al., 2013; Thorslund et al., 2014).

Another research direction in traffic management for the elderly is
to study the travel characteristics of the elderly from the aspects of
physiological characteristics and psychological cognition, in order to
construct specific measurement models of the travel characteristics for
elderly by synthesizing statistical and psychological analysis methods.
Moreover, it is important to evaluate the driving ability of the elderly,
to study the travel modes (or choices) suitable for the elderly, and to
design the transportation facilities based on the driving characteristics
of older drivers.

3.8. Burst detection analysis: research trends of road safety

Burst Detection Algorithm (BDA) was first proposed by Kleinberg
(2003), which considers the density of the frequency changes of key-
words to identify the keywords with characteristics of high concentra-
tion and high density in documents. BDA can be used to detect the
sudden growth in the frequency of usage of subject terms in a certain
research field, which can be applied to authors, citations, journals,
countries, organizations, keywords and other subject terms in topics
and keywords. When conducting burst detection to author original
keywords, the burst weight, burst start and end years of each burst
keyword can be obtained, so as to analyze the change of research trends
in the field of road safety studies.

In Sci2 Tool, Temporal Bar Graph is used to show the temporal
distribution of burst keywords, in particular, show the time span of
burst keywords. As shown in Fig. 7, each horizontal bar represents a
burst keyword on its left side, the length of a horizontal bar represents
the burst duration, the two sides of the horizontal bar represent a
specific start and end year, and the size of a horizontal bar represents
the burst weight of a keyword.

Herein we import the data into Sci2 Tool and run Burst Detection.
The parameter settings are as follows: Gamma=1.0, Density
Scaling=2.0, Bursting States= 1, Burst Length=1 (year). In con-
sideration of the visualization effect, the Top-30 keywords with the
largest burst weights were selected to conduct visualized analysis, as
shown in Fig. 7 and Table 4:

During the period 2000–2005, road safety studies began to develop
rapidly, in which a large number of burst keywords were produced,
such as Speed, Sleepiness, Road Rage, and Aggressive Driving, in-
dicating that road safety has become a hot research field and formed
diversified studies in such period. Among the burst keywords, “Speed”
is an important factor in road safety, as speed not only affects the se-
verity of a crash, but is also related to the risk of being involved in a
crash (Aarts and van Schagen, 2006); “Sleepiness” is closely related to
drowsy driving: people who experience acute or chronic sleepiness can
increase drowsiness and the risk of crash involvement (Beirness et al.,
2005); As for “Road Rage” and “Aggressive Driving”, the (anger)
emotion of drivers can seriously affect driving safety, which is mainly
reflected in the decline of driver's attention, perception, information
processing, judgment and decision making, and usually lead to stronger
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driving movements and more frequent change of driving operations.
Additionally, serious road rage can lead to speeding and aggressive
driving behavior.

During the period between 2006 and 2011, the number of burst
keywords decreased, and the distribution of burst weights was more
even compared with that of the period from 2000 to 2005. The results
indicated that the research network of road safety has been gradually
expanded, and more research branches have been produced. It can be
seen from Table 4 that the main research trends during this period focus
on Gender, Motorcycle Safety, and Graduated Driver Licensing. Al-
though there is no consensus on whether the risk of road accident varies
by “Gender”, the driving behaviors of female drivers differ from that of
male drivers due to the different physiological and psychological fac-
tors. It is worth studying the contributing factors to road accidents re-
sulted by female and male drivers respectively, in order to propose
more appropriate and effective countermeasures for the betterment of
road safety; Due to the high speed and less physical protection of
“Motorcycles”, both the drivers and passengers are at great risk by
taking such trip mode in road traffic activities. During this period, risk
factors, especially helmet non-use, have become the hot issues in the
motorcycle safety studies (Passmore et al., 2010; Yu et al., 2011;
Zamani-Alavijeh et al., 2011); “Graduated driver licensing (GDL)”
systems, which was firstly introduced in 1960s in Australia, were de-
signed to reduce the high crash risk of young novice drivers (Fell et al.,
2011). The evaluation research of GDL has also become the hotspot in
the field of road safety studies (Shope, 2007; Neyens et al., 2008).

During the period from 2012 to 2018, three keywords with high
burst weights appeared in road safety research, which became new
research branches. Among them, the burst weight of “Cycling” was
6.5321, which reflected the sharp increase of correlational research on

Fig. 7. Temporal bar graph of Top–30 original keywords burst in 2000–2018.

Table 4
Top–30 original keywords burst in 2000–2018.

Period Keywords Weight Length Start End

2000–2005 Speed 8.4291 11 2000 2010
Pedestrian 7.7083 9 2000 2008
Older drivers 7.3124 9 2000 2008
Alcohol 6.5612 7 2000 2006
Roads & highways 6.1570 6 2002 2007
Driver behaviour 6.0326 8 2000 2007
Prevention 4.6877 7 2000 2006
Road rage 4.2186 7 2001 2007
Sleepiness 4.1411 8 2001 2008
Aggressive driving 3.9521 6 2001 2006
Roadside safety 3.3664 5 2003 2007
Young drivers 3.3253 7 2000 2006
Road vehicle control 3.2987 6 2002 2007
Driving ability 3.1090 8 2001 2008
Driving simulator 2.9768 3 2005 2007
Injury severity 2.9750 6 2003 2008

2006–2011 Active safety 4.5209 4 2010 2013
Gender 3.6567 3 2006 2008
Road Safety 3.2540 6 2008 2013
Motorcycle safety 3.2038 2 2011 2012
Graduated driver licensing 3.0950 2 2007 2008
Negative binomial 2.9521 3 2011 2013

2012–2018 Cycling 6.5321 2 2016 2017
Intelligent transportation systems 5.7693 2 2017 2018
Distraction 5.3305 2 2013 2014
Legislation 3.8093 2 2012 2013
Enforcement 3.2668 3 2012 2014
Bicycle 3.2164 4 2014 2017
Attitudes 3.1572 2 2014 2015
Trauma 3.1417 1 2012 2012
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cycling safety, and then condensed into a research trend of this period.
Cycling has the characteristics of low road occupancy, fitness and en-
vironmental protection, however, only by improving the safety level of
cyclists can highlight the value of cycling; the burst weight of
"Intelligent Transportation Systems" was 5.7693, which had formed a
research hotspot in this period. As discussed in Section 3.7.3, the
functions of ITS to road safety were embodied in the uses of advanced
technologies to detect road traffic information, providing sufficient
information for drivers, reducing accident factors in the road environ-
ment, and automatically avoiding risk in emergency situations as well
as speeding up rescue activities and reducing after treatment delays; In
addition, "Distraction" also presents a higher burst weight (5.3305). The
effects of distraction on drivers are multi-level, including visual/op-
erational behavior, driving stress, and risk perception ability. The two
major types of distraction are visual distraction and cognitive distrac-
tion which can be defined as “eyes-off-road” and “mind-off-road” re-
spectively (Almahasneh et al., 2014). Texting is the most alarming
distraction, which has attracted a great deal of attention (McKeever
et al., 2013; Stavrinos et al., 2013; Yannis et al., 2014; Gauld et al.,
2014; Caird et al., 2014)

4. Conclusion and future work

The use of MKD aims to describe the development process and
structural relationship of scientific knowledge, which has the ad-
vantages of visualization, quantitative analysis, and knowledge dis-
covery. Based on the MKD analysis method in Scientometrics, the
VOSviewer and Sci2 Tool were used to conduct multi-angle and com-
plementary analyses on road safety studies from the aspects of docu-
ment co-citation analysis, keywords co-occurrence analysis as well as
burst detection analysis. The main research conclusions are as follows:

(1) The vigorous growth of the number of articles indicates that road
safety studies are developing rapidly in the global academic com-
munity. According to the article distribution by countries, USA,
China and Australia are on top of the list, which indicates that these
countries are the development centers and active regions in road
safety science. In terms of research organizations, the research
outputs from Monash University, Queensland University of
Technology, and University of British Columbia are the highest,
however, the cooperation density among these main research or-
ganizations needs to be further strengthened. Within the co-au-
thorship network, the research groups in the University of Central
Florida (UCF), University of British Columbia (UBC), and Monash
University (MU) are the major groups with great influence and
contributions, nevertheless, the cooperation among productive au-
thors is at a low level, which indicates the not-close academic re-
lationship among scholars. In the aspect of source journals, Accident
Analysis & Prevention, Transportation Research Record, and Traffic
Injury Prevention are the authoritative journals in the field of road
safety studies, which are the important platforms for the publica-
tion and exchange of research findings.

(2) The knowledge bases on road safety studies were extracted by
creating the cluster density map of document co-citation which
provides insight into the development of theories and methods, as
well as highlights results for road safety studies in recent years. It
found that the five classical documents with the highest co-citations
focus on the issues of “Crash Frequency Data Analysis”, “Driver
Behavior Questionnaire”, “Safety in Numbers for Walkers and
Bicyclists”, “Road Traffic Injury and Prevention”, and “Driving
Speed and Road Crashes”, which were the core research hotspots of
road safety. The authors of these five articles (Lord and Mannering,
2010; Reason et al., 1990; Jacobsen, 2003; Peden et al., 2004; Aarts
and van Schagen, 2006) are the research experts with prominent
contributions in the field of road safety studies.

(3) By clustering network map for keywords co-occurrence and

analyzing the research activities in road safety, it was found that the
frontier topics in road safety studies consist of five representative
areas: “Causation and Injury Severity Analysis of Road Accidents”,
“Epidemiologic Study and Prevention of Road Traffic Injury”,
“Intelligent Transportation System and Active Safety”, “Young
Drivers’ Driving Behavior and Psychology”, and “Older Drivers’
Psychological and Physiological Characteristics”. There are some
overlapping among the five clusters (Fig. 6), indicating that cross-
over studies exist among the various research areas which is ex-
pected in this multidisciplinary research field.

(4) Using the Burst Detection in Sci2 Tool to explore the research trends
of road safety, it was found that most of the burst keywords in road
safety were appeared during the period from 2000 to 2005, such as
speed, older drivers, driver behavior, and road rage. Started from
2006, the research hotspots have gradually turned to the keywords
of gender, motorcycle safety, and graduated driver licensing; and
since 2012, cycling, ITS, distraction, and legislation have gradually
become the new research hotspots. In addition, it can also be found
that the main keywords appeared in the research trends overlap
with the frontier topics. These overlapping keywords, such as
speed, driver behavior, and ITS, are all the important contents of
road safety studies.

In this research, we focus on the research topics and fronts of road
safety studies where we propose a MKD-based systematic analysis to
identify the knowledge bases, topic distribution and research trends.
For future work, the topics in the research field of road safety will be
studied to further investigate the development of a certain research
branch or topic. The weights of keywords, authors, organizations and
journals will also be studied to make the analysis results more in-
sightful.

References

Aarts, L., van Schagen, I., 2006. Driving speed and the risk of road crashes: a review.
Accid. Anal. Prev. 38 (2), 215–224. http://dx.doi.org/10.1016/j.aap.2005.07.004.

Abbas, A.K., Hefny, A.F., Abu-Zidan, F.M., 2011. Seatbelts and road traffic collision in-
juries. World J. Emerg. Surg. 6 (1), 18. http://dx.doi.org/10.1186/1749-7922-6-18.

Abegaz, T., Berhane, Y., Worku, A., Assrat, A., Assefa, A., 2014. Effects of excessive
speeding and falling asleep while driving on crash injury severity in Ethiopia: a
generalized ordered logit model analysis. Accid. Anal. Prev. 71, 15–21. http://dx.doi.
org/10.1016/j.aap.2014.05.003.

Abellán, J., López, G., de Oña, J., 2013. Analysis of traffic accident severity using decision
rules via decision trees. Expert Syst. Appl. 40 (15), 6047–6054. http://dx.doi.org/10.
1016/j.eswa.2013.05.027.

Aberg, L., Rimmo, P.-A., 1998. Dimensions of aberrant driver behaviour. Ergonomics 41
(1), 39–56. http://dx.doi.org/10.1080/001401398187314.

Akaateba, M.A., Amoh-Gyimah, R., Yakubu, I., 2014. A cross-sectional observational
study of helmet use among motorcyclists in Wa, Ghana. Accid. Anal. Prev. 64, 18–22.
http://dx.doi.org/10.1016/j.aap.2013.11.008.

Aksan, N., Anderson, S.W., Dawson, J., Uc, E., Rizzo, M., 2015. Cognitive functioning
differentially predicts different dimensions of older drivers’ on-road safety. Accid.
Anal. Prev. 75, 236–244. http://dx.doi.org/10.1016/j.aap.2014.12.007.

Almahasneh, H., Chooi, W.-T., Kamel, N., Malik, A.S., 2014. Deep in thought while
driving: an EEG study on drivers’ cognitive distraction. Transp. Res. Part. F: Traffic
Psychol. Behav. 26, 218–226. http://dx.doi.org/10.1016/j.trf.2014.08.001.

Anstey, K.J., Wood, J., 2011. Chronological age and age-related cognitive deficits are
associated with an increase in multiple types of driving errors in late life.
Neuropsychology 25 (5), 613–621. http://dx.doi.org/10.1037/a0023835.

Anstey, K.J., Wood, J., Lord, S., Walker, J.G., 2005. Cognitive, sensory and physical
factors enabling driving safety in older adults. Clin. Psychol. Rev. 25 (1), 45–65.
http://dx.doi.org/10.1016/j.cpr.2004.07.008.

Austroads, 2009. Guide to Road Safety. Retrieved from. Austroads, Sydney, Australia.
https://www.onlinepublications.austroads.com.au/items/AGRS.

Chen, C., Zhang, G., Qian, Z., Tarefder, R.A., Tian, Z., 2016a. Investigating driver injury
severity patterns in rollover crashes using support vector machine models. Accid.
Anal. Prev. 90, 128–139. http://dx.doi.org/10.1016/j.aap.2016.02.011.

Chen, C., Zhang, G., Yang, J., Milton, J.C., Alcántara, A.D., 2016b. An explanatory ana-
lysis of driver injury severity in rear-end crashes using a decision table/Naïve Bayes
(DTNB) hybrid classifier. Accid. Anal. Prev. 90, 95–107. http://dx.doi.org/10.1016/j.
aap.2016.02.002.

de Oña, J., López, G., Abellán, J., 2013a. Extracting decision rules from police accident
reports through decision trees. Accid. Anal. Prev. 50, 1151–1160. http://dx.doi.org/
10.1016/j.aap.2012.09.006.

de Oña, J., López, G., Mujalli, R., Calvo, F.J., 2013b. Analysis of traffic accidents on rural

X. Zou et al. Accident Analysis and Prevention 118 (2018) 131–145

142

http://dx.doi.org/10.1016/j.aap.2005.07.004
http://dx.doi.org/10.1186/1749-7922-6-18
http://dx.doi.org/10.1016/j.aap.2014.05.003
http://dx.doi.org/10.1016/j.aap.2014.05.003
http://dx.doi.org/10.1016/j.eswa.2013.05.027
http://dx.doi.org/10.1016/j.eswa.2013.05.027
http://dx.doi.org/10.1080/001401398187314
http://dx.doi.org/10.1016/j.aap.2013.11.008
http://dx.doi.org/10.1016/j.aap.2014.12.007
http://dx.doi.org/10.1016/j.trf.2014.08.001
http://dx.doi.org/10.1037/a0023835
http://dx.doi.org/10.1016/j.cpr.2004.07.008
https://www.onlinepublications.austroads.com.au/items/AGRS
http://dx.doi.org/10.1016/j.aap.2016.02.011
http://dx.doi.org/10.1016/j.aap.2016.02.002
http://dx.doi.org/10.1016/j.aap.2016.02.002
http://dx.doi.org/10.1016/j.aap.2012.09.006
http://dx.doi.org/10.1016/j.aap.2012.09.006


highways using latent class clustering and Bayesian networks. Accid. Anal. Prev. 51,
1–10. http://dx.doi.org/10.1016/j.aap.2012.10.016.

Badea-Romero, A., Javier Páez, F., Furones, A., Barrios, J.M., de-Miguel, J.L., 2013.
Assessing the benefit of the brake assist system for pedestrian injury mitigation
through real-world accident investigations. Saf. Sci. 53, 193–201. http://dx.doi.org/
10.1016/j.ssci.2012.10.004.

Basso, F., Basso, L.J., Bravo, F., Pezoa, R., 2018. Real-time crash prediction in an urban
expressway using disaggregated data. Transp. Res. Part. C: Emerg. Technol. 86,
202–219. http://dx.doi.org/10.1016/j.trc.2017.11.014.

Beirness, D.J., Simpson, H.M., Desmond, K., 2005. The Road Safety Monitor 2004:
Drowsy Driving. Retrieved from. Traffic Injury Research Foundation, Ottawa,
Canada. http://tirf.ca/wp-content/uploads/2017/01/RSM_Drowsy_Driving_2004.
pdf.

Bendak, S., 2005. Seat belt utilization in Saudi Arabia and its impact on road accident
injuries. Accid. Anal. Prev. 37 (2), 367–371. http://dx.doi.org/10.1016/j.aap.2004.
10.007.

Benekohal, R.F., Michaels, R.M., Shim, E., Resende, P.T.V., 1994. Effects of aging on older
drivers’ travel characteristics. Transp. Res. Rec. (1438), 91–98. Retrieved from.
https://trid.trb.org/view.aspx?id=413772.

Bener, A., Alwash, R., 2002. A perspective on motor vehicle crash injuries and speeding in
the United Arab Emirates. Traffic Inj. Prev. 3 (1), 61–64. http://dx.doi.org/10.1080/
15389580210519.

Bieliauskas, L.A., 2005. Neuropsychological assessment of geriatric driving competence.
Brain Injury 19 (3), 221–226. http://dx.doi.org/10.1080/02699050400017213.

Blanchard, R.A., Myers, A.M., 2010. Examination of driving comfort and self-regulatory
practices in older adults using in-vehicle devices to assess natural driving patterns.
Accid. Anal. Prev. 42 (4), 1213–1219. http://dx.doi.org/10.1016/j.aap.2010.01.013.

Blockey, P.N., Hartley, L.R., 1995. Aberrant driving behaviour: errors and violations.
Ergonomics 38 (9), 1759–1771. http://dx.doi.org/10.1080/00140139508925225.

Boot, W.R., Stothart, C., Charness, N., 2014. Improving the safety of aging Road users: a
mini-review. Gerontology 60 (1), 90–96. http://dx.doi.org/10.1159/000354212.

Braitman, K.A., Kirley, B.B., McCartt, A.T., Chaudhary, N.K., 2008. Crashes of novice
teenage drivers: characteristics and contributing factors. J. Saf. Res. 39 (1), 47–54.
http://dx.doi.org/10.1016/j.jsr.2007.12.002.

Brännström, M., Sandblom, F., Hammarstrand, L., 2013. A probabilistic framework for
decision-making in collision avoidance systems. IEEE Trans. Intell. Transp. Syst. 14
(2), 637–648. http://dx.doi.org/10.1109/TITS.2012.2227474.

Broughton, J., Baughan, C., 2002. The effectiveness of antilock braking systems in re-
ducing accidents in Great Britain. Accid. Anal. Prev. 34 (3), 347–355. http://dx.doi.
org/10.1016/S0001-4575(01)00032-X.

Bunn, T.L., Slavova, S., Struttmann, T.W., Browning, S.R., 2005. Sleepiness/fatigue and
distraction/inattention as factors for fatal versus nonfatal commercial motor vehicle
driver injuries. Accid. Anal. Prev. 37 (5), 862–869. http://dx.doi.org/10.1016/j.aap.
2005.04.004.

Caird, J.K., Johnston, K.A., Willness, C.R., Asbridge, M., Steel, P., 2014. A meta-analysis
of the effects of texting on driving. Accid. Anal. Prev. 71, 311–318. http://dx.doi.org/
10.1016/j.aap.2014.06.005.

Cantin, V., Lavallière, M., Simoneau, M., Teasdale, N., 2009. Mental workload when
driving in a simulator: effects of age and driving complexity. Accid. Anal. Prev. 41
(4), 763–771. http://dx.doi.org/10.1016/j.aap.2009.03.019.

Carsten, O.M.J., Tate, F.N., 2005. Intelligent speed adaptation: accident savings and
cost–benefit analysis. Accid. Anal. Prev. 37 (3), 407–416. http://dx.doi.org/10.1016/
j.aap.2004.02.007.

Cestac, J., Paran, F., Delhomme, P., 2011. Young drivers’ sensation seeking, subjective
norms, and perceived behavioral control and their roles in predicting speeding in-
tention: how risk-taking motivations evolve with gender and driving experience. Saf.
Sci. 49 (3), 424–432. http://dx.doi.org/10.1016/j.ssci.2010.10.007.

Chang, L.-Y., Chen, W.-C., 2005. Data mining of tree-based models to analyze freeway
accident frequency. J. Saf. Res. 36 (4), 365–375. http://dx.doi.org/10.1016/j.jsr.
2005.06.013.

Chini, F., Farchi, S., Ciaramella, I., Antoniozzi, T., Rossi, P.G., Camilloni, L., et al., 2009.
Road traffic injuries in one local health unit in the lazio region: results of a surveil-
lance system integrating police and health data. Int. J. Health Geogr. 8 (1), 21.
http://dx.doi.org/10.1186/1476-072x-8-21.

Clarke, D.D., Ward, P., Truman, W., 2005. Voluntary risk taking and skill deficits in young
driver accidents in the UK. Accid. Anal. Prev. 37 (3), 523–529. http://dx.doi.org/10.
1016/j.aap.2005.01.007.

Clarke, D.D., Ward, P., Bartle, C., Truman, W., 2006. Young driver accidents in the UK:
the influence of age, experience, and time of day. Accid. Anal. Prev. 38 (5), 871–878.
http://dx.doi.org/10.1016/j.aap.2006.02.013.

Classen, S., Nichols, A.L., McPeek, R., Breiner, J.F., 2011. Personality as a predictor of
driving performance: an exploratory study. Transp. Res. Part F: Traffic Psychol.
Behav. 14 (5), 381–389. http://dx.doi.org/10.1016/j.trf.2011.04.005.

Clay, O.J., Wadley, V.G., Edwards, J.D., Roth, D.L., Roenker, D.L., Ball, K.K., 2005.
Cumulative meta-analysis of the relationship between useful Field of View and
driving performance in older adults: current and future implications. Optom. Vis. Sci.
82 (8), 724–731. http://dx.doi.org/10.1097/01.opx.0000175009.08626.65.

Cohen, A., Einav, L., 2003. The effects of mandatory seat belt laws on driving behavior
and traffic fatalities. Rev. Econ. Stat. 85 (4), 828–843. http://dx.doi.org/10.1162/
003465303772815754.

Connor, J., Whitlock, G., Norton, R., Jackson, R., 2001. The role of driver sleepiness in car
crashes: a systematic review of epidemiological studies. Accid. Anal. Prev. 33 (1),
31–41. http://dx.doi.org/10.1016/S0001-4575(00)00013-0.

Connor, J., Norton, R., Ameratunga, S., Robinson, E., Civil, I., Dunn, R., et al., 2002.
Driver sleepiness and risk of serious injury to car occupants: population based case
control study. BMJ 324 (7346), 1125. http://dx.doi.org/10.1136/bmj.324.7346.

1125.
Connor, J., Norton, R., Ameratunga, S., Jackson, R., 2004. The contribution of alcohol to

serious car crash injuries. Epidemiology 15 (3), 337–344. http://dx.doi.org/10.1097/
01.ede.0000120045.58295.86.

Constant, A., Lagarde, E., 2010. Protecting vulnerable Road users from injury. PLoS Med.
7 (3), e1000228. http://dx.doi.org/10.1371/journal.pmed.1000228.

Constantinou, E., Panayiotou, G., Konstantinou, N., Loutsiou-Ladd, A., Kapardis, A., 2011.
Risky and aggressive driving in young adults: personality matters. Accid. Anal. Prev.
43 (4), 1323–1331. http://dx.doi.org/10.1016/j.aap.2011.02.002.

De Craen, S., Twisk, D.A.M., Hagenzieker, M.P., Elffers, H., Brookhuis, K.A., 2011. Do
young novice drivers overestimate their driving skills more than experienced drivers?
Different methods lead to different conclusions. Accid. Anal. Prev. 43 (5),
1660–1665. http://dx.doi.org/10.1016/j.aap.2011.03.024.

de la Hoz-Correa, A., Muñoz-Leiva, F., Bakucz, M., 2018. Past themes and future trends in
medical tourism research: a co-word analysis. Tourism Manage. 65, 200–211. http://
dx.doi.org/10.1016/j.tourman.2017.10.001.

Deublein, M., Schubert, M., Adey, B.T., Köhler, J., Faber, M.H., 2013. Prediction of road
accidents: a bayesian hierarchical approach. Accid. Anal. Prev. 51, 274–291. http://
dx.doi.org/10.1016/j.aap.2012.11.019.

Devlin, A., McGillivray, J., Charlton, J., Lowndes, G., Etienne, V., 2012. Investigating
driving behaviour of older drivers with mild cognitive impairment using a portable
driving simulator. Accid. Anal. Prev. 49, 300–307. http://dx.doi.org/10.1016/j.aap.
2012.02.022.

Di Bartolomeo, S., Valent, F., Sbrojavacca, R., Marchetti, R., Barbone, F., 2009. A case-
crossover study of alcohol consumption, meals and the risk of road traffic crashes.
BMC Public Health 9 (1), 316. http://dx.doi.org/10.1186/1471-2458-9-316.

Ditsuwan, V., Lennert Veerman, J., Bertram, M., Vos, T., 2013. Cost-effectiveness of in-
terventions for reducing Road traffic injuries related to driving under the influence of
alcohol. Value Health 16 (1), 23–30. http://dx.doi.org/10.1016/j.jval.2012.08.2209.

Dong, N., Huang, H., Zheng, L., 2015. Support vector machine in crash prediction at the
level of traffic analysis zones: assessing the spatial proximity effects. Accid. Anal.
Prev. 82, 192–198. http://dx.doi.org/10.1016/j.aap.2015.05.018.

Elvik, R., 2013. Risk of road accident associated with the use of drugs: a systematic review
and meta-analysis of evidence from epidemiological studies. Accid. Anal. Prev. 60,
254–267. http://dx.doi.org/10.1016/j.aap.2012.06.017.

Elvik, R., Bjørnskau, T., 2017. Safety-in-numbers: a systematic review and meta-analysis
of evidence. Saf. Sci. 92, 274–282. http://dx.doi.org/10.1016/j.ssci.2015.07.017.

Erke, A., 2008. Effects of electronic stability control (ESC) on accidents: a review of
empirical evidence. Accid. Anal. Prev. 40 (1), 167–173. http://dx.doi.org/10.1016/j.
aap.2007.05.002.

Farmer, C.M., Williams, A.F., 2005. Effect on fatality risk of changing from secondary to
primary seat belt enforcement. J. Saf. Res. 36 (2), 189–194. http://dx.doi.org/10.
1016/j.jsr.2005.03.004.

Fawcett, L., Thorpe, N., Matthews, J., Kremer, K., 2017. A novel bayesian hierarchical
model for road safety hotspot prediction. Accid. Anal. Prev. 99, 262–271. http://dx.
doi.org/10.1016/j.aap.2016.11.021.

Fell, J.C., Jones, K., Romano, E., Voas, R., 2011. An evaluation of graduated driver li-
censing effects on fatal crash involvements of Young drivers in the United States.
Traffic Inj. Prev. 12 (5), 423–431. http://dx.doi.org/10.1080/15389588.2011.
588296.

Ferreira, I.S., Simões, M.R., Marôco, J., 2013. Cognitive and psychomotor tests as pre-
dictors of on-road driving ability in older primary care patients. Transp. Res. Part F:
Traffic Psychol. Behav. 21, 146–158. http://dx.doi.org/10.1016/j.trf.2013.09.007.

Fyhri, A., Sundfør, H.B., Bjørnskau, T., Laureshyn, A., 2017. Safety in numbers for cy-
clists—conclusions from a multidisciplinary study of seasonal change in interplay and
conflicts. Accid. Anal. Prev. 105, 124–133. http://dx.doi.org/10.1016/j.aap.2016.04.
039.

Gaede, J., Rowlands, I.H., 2018. Visualizing social acceptance research: a bibliometric
review of the social acceptance literature for energy technology and fuels. Energy
Res. & Soc. Science 40, 142–158. http://dx.doi.org/10.1016/j.erss.2017.12.006.

Gauld, C.S., Lewis, I., White, K.M., 2014. Concealed texting while driving: what are young
people’s beliefs about this risky behaviour? Saf. Sci. 65, 63–69. http://dx.doi.org/10.
1016/j.ssci.2013.12.017.

Geyer, J., Raford, N., Pham, T., Ragland, D., 2006. Safety in numbers: data from oakland,
California. Transp. Res. Rec.: J. Transp. Res. Board 1982, 150–154. http://dx.doi.
org/10.3141/1982-20.

Green, K.A., McGwin, G., Owsley, C., 2013. Associations between visual, hearing, and
dual sensory impairments and history of motor vehicle collision involvement of older
drivers. J. Am. Geriatr. Soc. 61 (2), 252–257. http://dx.doi.org/10.1111/jgs.12091.

Grundy, C., Steinbach, R., Edwards, P., Green, J., Armstrong, B., Wilkinson, P., 2009.
Effect of 20 mph traffic speed zones on road injuries in London, 1986-2006: con-
trolled interrupted time series analysis. BMJ 339. http://dx.doi.org/10.1136/bmj.
b4469.

Haddon, W., 1999. The changing approach to the epidemiology, prevention, and ameli-
oration of trauma: the transition to approaches etiologically rather than descriptively
based. Inj. Prev. 5 (3), 231–235. http://dx.doi.org/10.1136/ip.5.3.231.

Hatamabadi, H., Vafaee, R., Haddadi, M., Abdalvand, A., Esnaashari, H., Soori, H., 2012.
Epidemiologic study of Road traffic injuries by Road user type characteristics and
Road environment in Iran: a Community-based approach. Traffic Inj. Prev. 13 (1),
61–64. http://dx.doi.org/10.1080/15389588.2011.623201.

Hirsch, P., Maag, U., Laberge-Nadeau, C., 2006. The role of driver education in the li-
censing process in Quebec. Traffic Inj. Prev. 7 (2), 130–142. http://dx.doi.org/10.
1080/15389580500517644.

Høye, A., 2011. The effects of electronic stability control (ESC) on crashes—An update.
Accid. Anal. Prev. 43 (3), 1148–1159. http://dx.doi.org/10.1016/j.aap.2010.12.025.

Horswill, M.S., Marrington, S.A., McCullough, C.M., Wood, J., Pachana, N.A., McWilliam,

X. Zou et al. Accident Analysis and Prevention 118 (2018) 131–145

143

http://dx.doi.org/10.1016/j.aap.2012.10.016
http://dx.doi.org/10.1016/j.ssci.2012.10.004
http://dx.doi.org/10.1016/j.ssci.2012.10.004
http://dx.doi.org/10.1016/j.trc.2017.11.014
http://tirf.ca/wp-content/uploads/2017/01/RSM_Drowsy_Driving_2004.pdf
http://tirf.ca/wp-content/uploads/2017/01/RSM_Drowsy_Driving_2004.pdf
http://dx.doi.org/10.1016/j.aap.2004.10.007
http://dx.doi.org/10.1016/j.aap.2004.10.007
https://trid.trb.org/view.aspx?id=413772
http://dx.doi.org/10.1080/15389580210519
http://dx.doi.org/10.1080/15389580210519
http://dx.doi.org/10.1080/02699050400017213
http://dx.doi.org/10.1016/j.aap.2010.01.013
http://dx.doi.org/10.1080/00140139508925225
http://dx.doi.org/10.1159/000354212
http://dx.doi.org/10.1016/j.jsr.2007.12.002
http://dx.doi.org/10.1109/TITS.2012.2227474
http://dx.doi.org/10.1016/S0001-4575(01)00032-X
http://dx.doi.org/10.1016/S0001-4575(01)00032-X
http://dx.doi.org/10.1016/j.aap.2005.04.004
http://dx.doi.org/10.1016/j.aap.2005.04.004
http://dx.doi.org/10.1016/j.aap.2014.06.005
http://dx.doi.org/10.1016/j.aap.2014.06.005
http://dx.doi.org/10.1016/j.aap.2009.03.019
http://dx.doi.org/10.1016/j.aap.2004.02.007
http://dx.doi.org/10.1016/j.aap.2004.02.007
http://dx.doi.org/10.1016/j.ssci.2010.10.007
http://dx.doi.org/10.1016/j.jsr.2005.06.013
http://dx.doi.org/10.1016/j.jsr.2005.06.013
http://dx.doi.org/10.1186/1476-072x-8-21
http://dx.doi.org/10.1016/j.aap.2005.01.007
http://dx.doi.org/10.1016/j.aap.2005.01.007
http://dx.doi.org/10.1016/j.aap.2006.02.013
http://dx.doi.org/10.1016/j.trf.2011.04.005
http://dx.doi.org/10.1097/01.opx.0000175009.08626.65
http://dx.doi.org/10.1162/003465303772815754
http://dx.doi.org/10.1162/003465303772815754
http://dx.doi.org/10.1016/S0001-4575(00)00013-0
http://dx.doi.org/10.1136/bmj.324.7346.1125
http://dx.doi.org/10.1136/bmj.324.7346.1125
http://dx.doi.org/10.1097/01.ede.0000120045.58295.86
http://dx.doi.org/10.1097/01.ede.0000120045.58295.86
http://dx.doi.org/10.1371/journal.pmed.1000228
http://dx.doi.org/10.1016/j.aap.2011.02.002
http://dx.doi.org/10.1016/j.aap.2011.03.024
http://dx.doi.org/10.1016/j.tourman.2017.10.001
http://dx.doi.org/10.1016/j.tourman.2017.10.001
http://dx.doi.org/10.1016/j.aap.2012.11.019
http://dx.doi.org/10.1016/j.aap.2012.11.019
http://dx.doi.org/10.1016/j.aap.2012.02.022
http://dx.doi.org/10.1016/j.aap.2012.02.022
http://dx.doi.org/10.1186/1471-2458-9-316
http://dx.doi.org/10.1016/j.jval.2012.08.2209
http://dx.doi.org/10.1016/j.aap.2015.05.018
http://dx.doi.org/10.1016/j.aap.2012.06.017
http://dx.doi.org/10.1016/j.ssci.2015.07.017
http://dx.doi.org/10.1016/j.aap.2007.05.002
http://dx.doi.org/10.1016/j.aap.2007.05.002
http://dx.doi.org/10.1016/j.jsr.2005.03.004
http://dx.doi.org/10.1016/j.jsr.2005.03.004
http://dx.doi.org/10.1016/j.aap.2016.11.021
http://dx.doi.org/10.1016/j.aap.2016.11.021
http://dx.doi.org/10.1080/15389588.2011.588296
http://dx.doi.org/10.1080/15389588.2011.588296
http://dx.doi.org/10.1016/j.trf.2013.09.007
http://dx.doi.org/10.1016/j.aap.2016.04.039
http://dx.doi.org/10.1016/j.aap.2016.04.039
http://dx.doi.org/10.1016/j.erss.2017.12.006
http://dx.doi.org/10.1016/j.ssci.2013.12.017
http://dx.doi.org/10.1016/j.ssci.2013.12.017
http://dx.doi.org/10.3141/1982-20
http://dx.doi.org/10.3141/1982-20
http://dx.doi.org/10.1111/jgs.12091
http://dx.doi.org/10.1136/bmj.b4469
http://dx.doi.org/10.1136/bmj.b4469
http://dx.doi.org/10.1136/ip.5.3.231
http://dx.doi.org/10.1080/15389588.2011.623201
http://dx.doi.org/10.1080/15389580500517644
http://dx.doi.org/10.1080/15389580500517644
http://dx.doi.org/10.1016/j.aap.2010.12.025


J., Raikos, M.K., 2008. The hazard perception ability of older drivers. J. Gerontol.:
Ser. B 63 (4), P212–P218. http://dx.doi.org/10.1093/geronb/63.4.P212.

Houston, D.J., Richardson, L.E., 2002. Traffic safety and the switch to a primary seat belt
law: the California experience. Accid. Anal. Prev. 34 (6), 743–751. http://dx.doi.org/
10.1016/S0001-4575(01)00074-4.

International Transport Forum, 2017. Road Safety Annual Report 2017. OECD Publishing,
Paris, France. http://dx.doi.org/10.1787/irtad-2017-en.

Iranitalab, A., Khattak, A., 2017. Comparison of four statistical and machine learning
methods for crash severity prediction. Accid. Anal. Prev. 108, 27–36. http://dx.doi.
org/10.1016/j.aap.2017.08.008.

Jacobsen, P.L., 2003. Safety in numbers: more walkers and bicyclists, safer walking and
bicycling. Inj. Prev. 9 (3), 205–209. http://dx.doi.org/10.1136/ip.9.3.205.

Jarašūniene, A., Jakubauskas, G., 2007. Improvement of road safety using passive and
active intelligent vehicle safety systems. Transport 22 (4), 284–289. http://dx.doi.
org/10.1080/16484142.2007.9638143.

Johnson, M., Oxley, J., Newstead, S., Charlton, J., 2014. Safety in numbers? Investigating
Australian driver behaviour, knowledge and attitudes towards cyclists. Accid. Anal.
Prev. 70, 148–154. http://dx.doi.org/10.1016/j.aap.2014.02.010.

Jonah, B.A., Thiessen, R., Au-Yeung, E., 2001. Sensation seeking, risky driving and be-
havioral adaptation. Accid. Anal. Prev. 33 (5), 679–684. http://dx.doi.org/10.1016/
S0001-4575(00)00085-3.

Kashani, A.T., Mohaymany, A.S., 2011. Analysis of the traffic injury severity on two-lane,
two-way rural roads based on classification tree models. Saf. Science 49 (10),
1314–1320. http://dx.doi.org/10.1016/j.ssci.2011.04.019.

Kim, J.-K., Ulfarsson, G.F., Shankar, V.N., Kim, S., 2008a. Age and pedestrian injury se-
verity in motor-vehicle crashes: a heteroskedastic logit analysis. Accid. Anal. Prev. 40
(5), 1695–1702. http://dx.doi.org/10.1016/j.aap.2008.06.005.

Kim, K., Made Brunner, I., Yamashita, E., 2008b. Modeling violation of Hawaii’s cross-
walk law. Accid. Anal. Prev. 40 (3), 894–904. http://dx.doi.org/10.1016/j.aap.2007.
10.004.

Kim, J.-K., Kim, S., Ulfarsson, G.F., Porrello, L.A., 2007. Bicyclist injury severities in bi-
cycle–motor vehicle accidents. Accid. Anal. Prev. 39 (2), 238–251. http://dx.doi.org/
10.1016/j.aap.2006.07.002.

Kim, S., Ro, Y.S., Shin, S.D., Song, K.J., Hong, K.J., Jeong, J., 2017. Preventive effects of
motorcycle helmets on intracranial injury and mortality from severe road traffic in-
juries. Am. J. Emerg. Med. http://dx.doi.org/10.1016/j.ajem.2017.07.044.

Kleinberg, J., 2003. Bursty and hierarchical structure in streams. Data Min. Knowl.
Discov. 7 (4), 373–397. http://dx.doi.org/10.1023/a:1024940629314.

Lai, F., Carsten, O., Tate, F., 2012. How much benefit does intelligent speed adaptation
deliver: an analysis of its potential contribution to safety and environment. Accid.
Anal. Prev. 48, 63–72. http://dx.doi.org/10.1016/j.aap.2011.04.011.

Lambert-Bélanger, A., Dubois, S., Weaver, B., Mullen, N., Bédard, M., 2012. Aggressive
driving behaviour in young drivers (aged 16 through 25) involved in fatal crashes. J.
Saf. Res. 43 (5), 333–338. http://dx.doi.org/10.1016/j.jsr.2012.10.011.

Lawton, R., Parker, D., Stradling, S.G., Manstead, A.S.R., 1997. Predicting road traffic
accidents: the role of social deviance and violations. Br. J. Psychol. 88 (2), 249–263.
http://dx.doi.org/10.1111/j.2044-8295.1997.tb02633.x.

Li, Z., Liu, P., Wang, W., Xu, C., 2012. Using support vector machine models for crash
injury severity analysis. Accid. Anal. Prev. 45, 478–486. http://dx.doi.org/10.1016/j.
aap.2011.08.016.

Liu, B.C., Ivers, R., Norton, R., Boufous, S., Blows, S., Lo, S.K., 2008. Helmets for pre-
venting injury in motorcycle riders. Cochrane Database Syst. Rev.(1). http://dx.doi.
org/10.1002/14651858.CD004333.pub3.

Lord, D., Mannering, F., 2010. The statistical analysis of crash-frequency data: a review
and assessment of methodological alternatives. Transp. Res. Part A: Policy Pract. 44
(5), 291–305. http://dx.doi.org/10.1016/j.tra.2010.02.001.

Lord, D., Washington, S.P., Ivan, J.N., 2005. Poisson, Poisson-gamma and zero-inflated
regression models of motor vehicle crashes: balancing statistical fit and theory. Accid.
Anal. Prev. 37 (1), 35–46. http://dx.doi.org/10.1016/j.aap.2004.02.004.

Lucidi, F., Mallia, L., Lazuras, L., Violani, C., 2014. Personality and attitudes as predictors
of risky driving among older drivers. Accid. Anal. Prev. 72, 318–324. http://dx.doi.
org/10.1016/j.aap.2014.07.022.

Machin, M.A., Sankey, K.S., 2008. Relationships between young drivers’ personality
characteristics, risk perceptions, and driving behaviour. Accid. Anal. Prev. 40 (2),
541–547. http://dx.doi.org/10.1016/j.aap.2007.08.010.

Mainster, M.A., Timberlake, G.T., 2003. Why HID headlights bother older drivers. Br. J.
Ophthalmol. 87 (1), 113–117. http://dx.doi.org/10.1136/bjo.87.1.113.

Marottoli, R.A., Richardson, E.D., 1998. Confidence in, and self-rating of, driving ability
among older drivers. Accid. Anal. Prev. 30 (3), 331–336. http://dx.doi.org/10.1016/
S0001-4575(97)00100-0.

Martin, J.-L., 2002. Relationship between crash rate and hourly traffic flow on interurban
motorways. Accid. Anal. Prev. 34 (5), 619–629. http://dx.doi.org/10.1016/S0001-
4575(01)00061-6.

Mayhew, D.R., 2007. Driver education and graduated licensing in North America: past,
present, and future. J. Saf. Res. 38 (2), 229–235. http://dx.doi.org/10.1016/j.jsr.
2007.03.001.

McKeever, J.D., Schultheis, M.T., Padmanaban, V., Blasco, A., 2013. Driver performance
while texting: even a Little is too Much. Traffic Inj. Prev. 14 (2), 132–137. http://dx.
doi.org/10.1080/15389588.2012.699695.

McLaughlin, S.B., Hankey, J.M., Dingus, T.A., 2008. A method for evaluating collision
avoidance systems using naturalistic driving data. Accid. Anal. Prev. 40 (1), 8–16.
http://dx.doi.org/10.1016/j.aap.2007.03.016.

McPeek, R., Nichols, A.L., Classen, S., Breiner, J., 2011. Bias in older adults’ driving self-
assessments: the role of personality. Transp. Res. Part. F: Traffic Psychol. Behav. 14
(6), 579–590. http://dx.doi.org/10.1016/j.trf.2011.06.001.

Mesken, J., Lajunen, T., Summala, H., 2002. Interpersonal violations, speeding violations

and their relation to accident involvement in Finland. Ergonomics 45 (7), 469–483.
http://dx.doi.org/10.1080/00140130210129682.

Michael Walsh, J., Flegel, R., Atkins, R., Cangianelli, L.A., Cooper, C., Welsh, C., Kerns,
T.J., 2005. Drug and alcohol use among drivers admitted to a level-1 trauma center.
Accid. Anal. Prev. 37 (5), 894–901. http://dx.doi.org/10.1016/j.aap.2005.04.013.

Mirzaei, M., Mirzaeinejad, H., 2012. Optimal design of a non-linear controller for anti-
lock braking system. Transp. Res. Part C: Emerg. Technol. 24, 19–35. http://dx.doi.
org/10.1016/j.trc.2012.01.008.

Mohan, D., Tiwari, G., Khayesi, M., Nafukho, F.M., 2006. Road Traffic Injury Prevention:
Training Manual. Retrieved from. World Health Organization, Geneva, Switzerland.
http://www.who.int/violence_injury_prevention/road_traffic/activities/training_
manuals/en/.

Molnar, L.J., Eby, D.W., 2008. The relationship between self-regulation and driving-re-
lated abilities in older drivers: an exploratory study. Traffic Inj. Prev. 9 (4), 314–319.
http://dx.doi.org/10.1080/15389580801895319.

Mori, Y., Mizohata, M., 1995. Characteristics of older road users and their effect on road
safety. Accid. Anal. Prev. 27 (3), 391–404. http://dx.doi.org/10.1016/0001-
4575(94)00077-Y.

Movahedi, M., Soori, H., Nasermoadeli, A., Ainy, E., Mehmandar, M.R., Nejhad, M.R.M.,
et al., 2010. Association of mandatory seat belt use legislations intervention by traffic
police with changes in road traffic injuries in Iran. Inj. Prev. 16 (Suppl. 1). http://dx.
doi.org/10.1136/ip.2010.029215.9. A3-A3.

Naci, H., Chisholm, D., Baker, T.D., 2009. Distribution of road traffic deaths by road user
group: a global comparison. Inj. Prev. 15 (1), 55–59. http://dx.doi.org/10.1136/ip.
2008.018721.

Nagata, T., Setoguchi, S., Hemenway, D., Perry, M.J., 2008. Effectiveness of a law to
reduce alcohol-impaired driving in Japan. Inj. Prev. 14 (1), 19–23. http://dx.doi.org/
10.1136/ip.2007.015719.

Nakahara, S., Chadbunchachai, W., Ichikawa, M., Tipsuntornsak, N., Wakai, S., 2005.
Temporal distribution of motorcyclist injuries and risk of fatalities in relation to age,
helmet use, and riding while intoxicated in Khon Kaen, Thailand. Accid. Anal. Prev.
37 (5), 833–842. http://dx.doi.org/10.1016/j.aap.2005.04.001.

Nemme, H.E., White, K.M., 2010. Texting while driving: psychosocial influences on young
people’s texting intentions and behaviour. Accid. Anal. Prev. 42 (4), 1257–1265.
http://dx.doi.org/10.1016/j.aap.2010.01.019.

Neyens, D.M., Donmez, B., Boyle, L.N., 2008. The Iowa graduated driver licensing pro-
gram: effectiveness in reducing crashes of teenage drivers. J. Saf. Res. 39 (4),
383–390. http://dx.doi.org/10.1016/j.jsr.2008.05.006.

Nichols, A.L., Classen, S., McPeek, R., Breiner, J., 2012. Does personality predict driving
performance in Middle and older age? An evidence-based literature review. Traffic
Inj. Prev. 13 (2), 133–143. http://dx.doi.org/10.1080/15389588.2011.644254.

Noland, R.B., Quddus, M.A., Ochieng, W.Y., 2008. The effect of the London congestion
charge on road casualties: an intervention analysis. Transportation 35 (1), 73–91.
http://dx.doi.org/10.1007/s11116-007-9133-9.

Odero, W., Khayesi, M., Heda, P.M., 2003. Road traffic injuries in Kenya: magnitude,
causes and status of intervention. Injury Control Saf. Promotion 10 (1-2), 53–61.
http://dx.doi.org/10.1076/icsp.10.1.53.14103.

Rogers Hollingsworth, J., Müller, K.H., Hollingsworth, E.J., 2008. The end of the science
superpowers. Nature 454, 412. http://dx.doi.org/10.1038/454412a.

Oh, C., Kang, Y.S., Youn, Y., 2009. Evaluation of a brake assistance system (BAS) using an
injury severity prediction model for pedestrians. Int. J. Automot. Technol. 10 (5),
577–582. http://dx.doi.org/10.1007/s12239-009-0067-4.

Oluwadiya, K.S., Kolawole, I.K., Adegbehingbe, O.O., Olasinde, A.A., Agodirin, O.,
Uwaezuoke, S.C., 2009. Motorcycle crash characteristics in Nigeria: implication for
control. Accid. Anal. Prev. 41 (2), 294–298. http://dx.doi.org/10.1016/j.aap.2008.
12.002.

Owsley, C., McGwin, G., McNeal, S.F., 2003. Impact of impulsiveness, venturesomeness,
and empathy on driving by older adults. J. Saf. Res. 34 (4), 353–359. http://dx.doi.
org/10.1016/j.jsr.2003.09.013.

Palk, G., Freeman, J., Kee, A.G., Steinhardt, D., Davey, J., 2011. The prevalence and
characteristics of self-reported dangerous driving behaviours among a young cohort.
Transp. Res. Part F: Traffic Psychol. Behav. 14 (2), 147–154. http://dx.doi.org/10.
1016/j.trf.2010.11.004.

Passmore, J., Tu, N.T.H., Luong, M.A., Chinh, N.D., Nam, N.P., 2010. Impact of manda-
tory motorcycle helmet wearing legislation on head injuries in Viet Nam: results of a
preliminary analysis. Traffic Inj. Prev. 11 (2), 202–206. http://dx.doi.org/10.1080/
15389580903497121.

Peden, M., Scurfield, R., Sleet, D., Mohan, D., Hyder, A.A., Jarawan, E., Mathers, C., 2004.
World Report on Road Traffic Injury Prevention. Retrieved from. World Health
Organization, Geneva, Switzerland. http://www.who.int/violence_injury_
prevention/publications/road_traffic/world_report/en/.

Pérez, K., Marí-Dell’Olmo, M., Tobias, A., Borrell, C., 2007. Reducing Road traffic injuries:
effectiveness of speed cameras in an Urban setting. Am. J. Public Health 97 (9),
1632–1637. http://dx.doi.org/10.2105/ajph.2006.093195.

Pilkington, P., Kinra, S., 2005. Effectiveness of speed cameras in preventing road traffic
collisions and related casualties: systematic review. BMJ 330 (7487), 331–334.
http://dx.doi.org/10.1136/bmj.38324.646574.AE.

Ponte, G., Ryan, G.A., Anderson, R.W.G., 2016. An estimate of the effectiveness of an in-
vehicle automatic collision notification system in reducing road crash fatalities in
South Australia. Traffic Inj. Prev. 17 (3), 258–263. http://dx.doi.org/10.1080/
15389588.2015.1060556.

Prati, G., Pietrantoni, L., Fraboni, F., 2017. Using data mining techniques to predict the
severity of bicycle crashes. Accid. Anal. Prev. 101, 44–54. http://dx.doi.org/10.
1016/j.aap.2017.01.008.

Qu, X., Kuang, Y., Oh, E., Jin, S., 2014. Safety evaluation for expressways: a comparative
study for macroscopic and microscopic indicators. Traffic Inj. Prev. 15 (1), 89–93.

X. Zou et al. Accident Analysis and Prevention 118 (2018) 131–145

144

http://dx.doi.org/10.1093/geronb/63.4.P212
http://dx.doi.org/10.1016/S0001-4575(01)00074-4
http://dx.doi.org/10.1016/S0001-4575(01)00074-4
http://dx.doi.org/10.1787/irtad-2017-en
http://dx.doi.org/10.1016/j.aap.2017.08.008
http://dx.doi.org/10.1016/j.aap.2017.08.008
http://dx.doi.org/10.1136/ip.9.3.205
http://dx.doi.org/10.1080/16484142.2007.9638143
http://dx.doi.org/10.1080/16484142.2007.9638143
http://dx.doi.org/10.1016/j.aap.2014.02.010
http://dx.doi.org/10.1016/S0001-4575(00)00085-3
http://dx.doi.org/10.1016/S0001-4575(00)00085-3
http://dx.doi.org/10.1016/j.ssci.2011.04.019
http://dx.doi.org/10.1016/j.aap.2008.06.005
http://dx.doi.org/10.1016/j.aap.2007.10.004
http://dx.doi.org/10.1016/j.aap.2007.10.004
http://dx.doi.org/10.1016/j.aap.2006.07.002
http://dx.doi.org/10.1016/j.aap.2006.07.002
http://dx.doi.org/10.1016/j.ajem.2017.07.044
http://dx.doi.org/10.1023/a:1024940629314
http://dx.doi.org/10.1016/j.aap.2011.04.011
http://dx.doi.org/10.1016/j.jsr.2012.10.011
http://dx.doi.org/10.1111/j.2044-8295.1997.tb02633.x
http://dx.doi.org/10.1016/j.aap.2011.08.016
http://dx.doi.org/10.1016/j.aap.2011.08.016
http://dx.doi.org/10.1002/14651858.CD004333.pub3
http://dx.doi.org/10.1002/14651858.CD004333.pub3
http://dx.doi.org/10.1016/j.tra.2010.02.001
http://dx.doi.org/10.1016/j.aap.2004.02.004
http://dx.doi.org/10.1016/j.aap.2014.07.022
http://dx.doi.org/10.1016/j.aap.2014.07.022
http://dx.doi.org/10.1016/j.aap.2007.08.010
http://dx.doi.org/10.1136/bjo.87.1.113
http://dx.doi.org/10.1016/S0001-4575(97)00100-0
http://dx.doi.org/10.1016/S0001-4575(97)00100-0
http://dx.doi.org/10.1016/S0001-4575(01)00061-6
http://dx.doi.org/10.1016/S0001-4575(01)00061-6
http://dx.doi.org/10.1016/j.jsr.2007.03.001
http://dx.doi.org/10.1016/j.jsr.2007.03.001
http://dx.doi.org/10.1080/15389588.2012.699695
http://dx.doi.org/10.1080/15389588.2012.699695
http://dx.doi.org/10.1016/j.aap.2007.03.016
http://dx.doi.org/10.1016/j.trf.2011.06.001
http://dx.doi.org/10.1080/00140130210129682
http://dx.doi.org/10.1016/j.aap.2005.04.013
http://dx.doi.org/10.1016/j.trc.2012.01.008
http://dx.doi.org/10.1016/j.trc.2012.01.008
http://www.who.int/violence_injury_prevention/road_traffic/activities/training_manuals/en/
http://www.who.int/violence_injury_prevention/road_traffic/activities/training_manuals/en/
http://dx.doi.org/10.1080/15389580801895319
http://dx.doi.org/10.1016/0001-4575(94)00077-Y
http://dx.doi.org/10.1016/0001-4575(94)00077-Y
http://dx.doi.org/10.1136/ip.2010.029215.9
http://dx.doi.org/10.1136/ip.2010.029215.9
http://dx.doi.org/10.1136/ip.2008.018721
http://dx.doi.org/10.1136/ip.2008.018721
http://dx.doi.org/10.1136/ip.2007.015719
http://dx.doi.org/10.1136/ip.2007.015719
http://dx.doi.org/10.1016/j.aap.2005.04.001
http://dx.doi.org/10.1016/j.aap.2010.01.019
http://dx.doi.org/10.1016/j.jsr.2008.05.006
http://dx.doi.org/10.1080/15389588.2011.644254
http://dx.doi.org/10.1007/s11116-007-9133-9
http://dx.doi.org/10.1076/icsp.10.1.53.14103
http://dx.doi.org/10.1038/454412a
http://dx.doi.org/10.1007/s12239-009-0067-4
http://dx.doi.org/10.1016/j.aap.2008.12.002
http://dx.doi.org/10.1016/j.aap.2008.12.002
http://dx.doi.org/10.1016/j.jsr.2003.09.013
http://dx.doi.org/10.1016/j.jsr.2003.09.013
http://dx.doi.org/10.1016/j.trf.2010.11.004
http://dx.doi.org/10.1016/j.trf.2010.11.004
http://dx.doi.org/10.1080/15389580903497121
http://dx.doi.org/10.1080/15389580903497121
http://www.who.int/violence_injury_prevention/publications/road_traffic/world_report/en/
http://www.who.int/violence_injury_prevention/publications/road_traffic/world_report/en/
http://dx.doi.org/10.2105/ajph.2006.093195
http://dx.doi.org/10.1136/bmj.38324.646574.AE
http://dx.doi.org/10.1080/15389588.2015.1060556
http://dx.doi.org/10.1080/15389588.2015.1060556
http://dx.doi.org/10.1016/j.aap.2017.01.008
http://dx.doi.org/10.1016/j.aap.2017.01.008


http://dx.doi.org/10.1080/15389588.2013.782400.
Quddus, M., 2013. Exploring the relationship between average speed, speed variation,

and accident rates using spatial statistical models and GIS. J. Transp. Saf. Secur. 5 (1),
27–45. http://dx.doi.org/10.1080/19439962.2012.705232.

Reason, J., Manstead, A., Stradling, S., Baxter, J., Campbell, K., 1990. Errors and viola-
tions on the roads: a real distinction? Ergonomics 33 (10-11), 1315–1332. http://dx.
doi.org/10.1080/00140139008925335.

Robb, G., Sultana, S., Ameratunga, S., Jackson, R., 2008. A systematic review of epide-
miological studies investigating risk factors for work-related road traffic crashes and
injuries. Inj. Prev. 14 (1), 51–58. http://dx.doi.org/10.1136/ip.2007.016766.

Savolainen, P., Mannering, F., 2007. Probabilistic models of motorcyclists’ injury seve-
rities in single- and multi-vehicle crashes. Accid. Anal. Prev. 39 (5), 955–963. http://
dx.doi.org/10.1016/j.aap.2006.12.016.

Schwebel, D.C., Ball, K.K., Severson, J., Barton, B.K., Rizzo, M., Viamonte, S.M., 2007.
Individual difference factors in risky driving among older adults. J. Saf. Res. 38 (5),
501–509. http://dx.doi.org/10.1016/j.jsr.2007.04.005.

Sci2 Team, 2009. science of science (Sci2) tool. Indiana University and SciTech Strategies.
. https://sci2.cns.iu.edu.

Scott-Parker, B., Watson, B., King, M.J., 2009. Understanding the psychosocial factors
influencing the risky behaviour of young drivers. Transp. Res. Part F: Traffic Psychol.
Behav. 12 (6), 470–482. http://dx.doi.org/10.1016/j.trf.2009.08.003.

Scott-Parker, B., Goode, N., Salmon, P., 2015. The driver, the road, the rules … and the
rest? A systems-based approach to young driver road safety. Accid. Anal. Prev. 74,
297–305. http://dx.doi.org/10.1016/j.aap.2014.01.027.

Shiffrin, R.M., Börner, K., 2004. Mapping knowledge domains. Proc. Natl. Acad. Sci. 101
(suppl. 1), 5183–5185. http://dx.doi.org/10.1073/pnas.0307852100.

Shinar, D., Compton, R., 2004. Aggressive driving: an observational study of driver, ve-
hicle, and situational variables. Accid. Anal. Prev. 36 (3), 429–437. http://dx.doi.
org/10.1016/S0001-4575(03)00037-X.

Shope, J.T., 2007. Graduated driver licensing: review of evaluation results since 2002. J.
Saf. Res. 38 (2), 165–175. http://dx.doi.org/10.1016/j.jsr.2007.02.004.

Siren, A., Meng, A., 2013. Older drivers’ self-assessed driving skills, driving-related stress
and self-regulation in traffic. Transp. Res. Part F: Traffic Psychol. Behav. 17, 88–97.
http://dx.doi.org/10.1016/j.trf.2012.10.004.

Smink, B.E., Ruiter, B., Lusthof, K.J., Gier, J.Jd., Uges, D.R.A., Egberts, A.C.G., 2005. Drug
use and the severity of a traffic accident. Accid. Anal. Prev. 37 (3), 427–433. http://
dx.doi.org/10.1016/j.aap.2004.12.003.

Stavrinos, D., Jones, J.L., Garner, A.A., Griffin, R., Franklin, C.A., Ball, D., et al., 2013.
Impact of distracted driving on safety and traffic flow. Accid. Anal. Prev. 61, 63–70.
http://dx.doi.org/10.1016/j.aap.2013.02.003.

Steinbach, R., Grundy, C., Edwards, P., Wilkinson, P., Green, J., 2011. The impact of 20
mph traffic speed zones on inequalities in road casualties in London. J. Epidemiol.
Commun. Health 65 (10), 921–926. http://dx.doi.org/10.1136/jech.2010.112193.

Strandroth, J., Rizzi, M., Olai, M., Lie, A., Tingvall, C., 2012. The effects of studded tires
on fatal crashes with passenger cars and the benefits of electronic stability control
(ESC) in Swedish winter driving. Accid. Anal. Prev. 45, 50–60. http://dx.doi.org/10.
1016/j.aap.2011.11.005.

Sullman, M.J.M., Meadows, M.L., Pajo, K.B., 2002. Aberrant driving behaviours amongst
New Zealand truck drivers. Transp. Res. Part F: Traffic Psychol. Behav. 5 (3),
217–232. http://dx.doi.org/10.1016/S1369-8478(02)00019-0.

Tay, R., Choi, J., Kattan, L., Khan, A., 2011. A multinomial logit model of
Pedestrian–Vehicle crash severity. Int. J. Sustain. Transp. 5 (4), 233–249. http://dx.
doi.org/10.1080/15568318.2010.497547.

Thorslund, B., Ahlström, C., Peters, B., Eriksson, O., Lidestam, B., Lyxell, B., 2014.
Cognitive workload and visual behavior in elderly drivers with hearing loss. Eur.
Transp. Res. Rev. 6 (4), 377–385. http://dx.doi.org/10.1007/s12544-014-0139-z.

Tin, S.T., Woodward, A., Thornley, S., Ameratunga, S., 2011. Regional variations in pedal
cyclist injuries in New Zealand: safety in numbers or risk in scarcity? Aust. N. Z. J.
Public Health 35 (4), 357–363. http://dx.doi.org/10.1111/j.1753-6405.2011.
00731.x.

Ulleberg, P., Rundmo, T., 2003. Personality, attitudes and risk perception as predictors of
risky driving behaviour among young drivers. Saf. Sci. 41 (5), 427–443. http://dx.
doi.org/10.1016/S0925-7535(01)00077-7.

Valent, F., Schiava, F., Savonitto, C., Gallo, T., Brusaferro, S., Barbone, F., 2002. Risk
factors for fatal road traffic accidents in Udine, Italy. Accid. Anal. Prev. 34 (1), 71–84.
http://dx.doi.org/10.1016/S0001-4575(00)00104-4.

van Eck, N.J., Waltman, L., 2007. VOS: a New method for visualizing similarities between
objects. In: Decker, R., Lenz, H.J. (Eds.), Advances in Data Analysis: Proceedings of
the 30th Annual Conference of the Gesellschaft Für Klassifikation E.V. Freie
Universität Berlin, March 8–10, 2006 (Pp. 299-306). Berlin, Heidelberg: Springer
Berlin Heidelberg. http://dx.doi.org/10.1007/978-3-540-70981-7_34.

van Eck, N.J., Waltman, L., 2009. How to normalize cooccurrence data? An analysis of
some well-known similarity measures. J. Am. Soc. Inf. Sci.Technol. 60 (8),

1635–1651. http://dx.doi.org/10.1002/asi.21075.
van Eck, N.J., Waltman, L., 2010. Software survey: VOSviewer, a computer program for

bibliometric mapping. Scientometrics 84 (2), 523–538. http://dx.doi.org/10.1007/
s11192-009-0146-3.

van Eck, N.J., Waltman, L., Dekker, R., van den Berg, J., 2010. A comparison of two
techniques for bibliometric mapping: multidimensional scaling and VOS. J. Am. Soc.
Inf. Sci. Technol. 61 (12), 2405–2416. http://dx.doi.org/10.1002/asi.21421.

van Nunen, K., Li, J., Reniers, G., Ponnet, K., 2017. Bibliometric analysis of safety culture
research. Saf. Sci. http://dx.doi.org/10.1016/j.ssci.2017.08.011.

Vega-Almeida, R.L., Carrillo-Calvet, H., Arencibia-Jorge, R., 2018. Diseases and vector: a
10 years view of scientific literature on Aedes aegypti. Scientometrics doi. http://dx.
doi.org/10.1007/s11192-018-2650-9.

Vlassenroot, S., Broekx, S., Mol, J.D., Panis, L.I., Brijs, T., Wets, G., 2007. Driving with
intelligent speed adaptation: final results of the Belgian ISA-trial. Transp. Res. Part A:
Policy Pract. 41 (3), 267–279. http://dx.doi.org/10.1016/j.tra.2006.05.009.

Wang, X., Fan, T., Li, W., Yu, R., Bullock, D., Wu, B., Tremont, P., 2016. Speed variation
during peak and off-peak hours on urban arterials in Shanghai. Transp. Res. Part C:
Emerg. Technol. 67, 84–94. http://dx.doi.org/10.1016/j.trc.2016.02.005.

White, M.J., Cunningham, L.C., Titchener, K., 2011. Young drivers’ optimism bias for
accident risk and driving skill: accountability and insight experience manipulations.
Accid. Anal. Prev. 43 (4), 1309–1315. http://dx.doi.org/10.1016/j.aap.2011.01.013.

Wilson, C., Willis, C., Hendrikz, J.K., Le Brocque, R., Bellamy, N., 2010. Speed cameras for
the prevention of road traffic injuries and deaths. Cochrane Database Syst. Rev. 10.
http://dx.doi.org/10.1002/14651858.CD004607.pub3.

Wong, S.C., Sze, N.N., Li, Y.C., 2007. Contributory factors to traffic crashes at signalized
intersections in Hong Kong. Accid. Anal. Prev. 39 (6), 1107–1113. http://dx.doi.org/
10.1016/j.aap.2007.02.009.

Wong, Z.H., Chong, C.K., Tai, B.C., Lau, G., 2009. A review of fatal Road traffic accidents
in Singapore from 2000 to 2004. Ann. Acad. Med. Singap. 38 (7), 594–599. Retrieved
from. http://www.annals.edu.sg/pastIssue.cfm?pastMonth=7&pastYear=2009.

Wood, J.M., 2002. Aging, driving and vision. Clin. Exp. Optom. 85 (4), 214–220. http://
dx.doi.org/10.1111/j.1444-0938.2002.tb03040.x.

Woodcock, J., Edwards, P., Tonne, C., Armstrong, B.G., Ashiru, O., Banister, D., et al.,
2009. Public health benefits of strategies to reduce greenhouse-gas emissions: urban
land transport. Lancet 374 (9705), 1930–1943. http://dx.doi.org/10.1016/S0140-
6736(09)61714-1.

World Health Organization, 2015. Global Status Report on Road Safety 2015. Retrieved
from. . http://www.who.int/violence_injury_prevention/road_safety_status/2015/
en/.

Xu, C., Yang, Y., Jin, S., Qu, Z., Hou, L., 2016. Potential risk and its influencing factors for
separated bicycle paths. Accid. Anal. Prev. 87, 59–67. http://dx.doi.org/10.1016/j.
aap.2015.11.014.

Yang, Y., Lu, H., Yin, Y., Yang, H., 2013. Optimization of variable speed limits for effi-
cient, safe, and sustainable mobility. Transp. Res. Rec.: J. Transp. Res. Board. 2333,
37–45. http://dx.doi.org/10.3141/2333-05.

Yannis, G., Laiou, A., Papantoniou, P., Christoforou, C., 2014. Impact of texting on young
drivers’ behavior and safety on urban and rural roads through a simulation experi-
ment. J. Saf. Res. 49 (25), e21–e31. http://dx.doi.org/10.1016/j.jsr.2014.02.008.

Yao, S., Loo, B.P.Y., 2016. Safety in numbers for cyclists beyond national-level and city-
level data: a study on the non-linearity of risk within the city of Hong Kong. Inj. Prev.
http://dx.doi.org/10.1136/injuryprev-2016-041964.

Young, R.K., Liesman, J., 2007. Estimating the relationship between measured wind
speed and overturning truck crashes using a binary logit model. Accid. Anal. Prev. 39
(3), 574–580. http://dx.doi.org/10.1016/j.aap.2006.10.002.

Yu, R., Abdel-Aty, M., 2014. An optimal variable speed limits system to ameliorate traffic
safety risk. Transp. Res. Part C: Emerg. Technol. 46, 235–246. http://dx.doi.org/10.
1016/j.trc.2014.05.016.

Yu, W.-Y., Chen, C.-Y., Chiu, W.-T., Lin, M.-R., 2011. Effectiveness of different types of
motorcycle helmets and effects of their improper use on head injuries. Int. J.
Epidemiol. 40 (3), 794–803. http://dx.doi.org/10.1093/ije/dyr040.

Yuasa, M., 1962. Center of scientific activity: its shift from the 16th to the 20th century.
Jap. Stud. History Sci. 1, 57–75.

Zamani-Alavijeh, F., Bazargan, M., Shafiei, A., Bazargan-Hejazi, S., 2011. The frequency
and predictors of helmet use among Iranian motorcyclists: a quantitative and quali-
tative study. Accid. Anal. Prev. 43 (4), 1562–1569. http://dx.doi.org/10.1016/j.aap.
2011.03.016.

Zhu, J., Hua, W., 2017. Visualizing the knowledge domain of sustainable development
research between 1987 and 2015: a bibliometric analysis. Scientometrics 110 (2),
893–914. http://dx.doi.org/10.1007/s11192-016-2187-8.

Zou, X., Yue, W.L., 2017. A bayesian network approach to causation analysis of road
accidents using netica. J. Adv. Transp. 2017, 18. http://dx.doi.org/10.1155/2017/
2525481.

X. Zou et al. Accident Analysis and Prevention 118 (2018) 131–145

145

http://dx.doi.org/10.1080/15389588.2013.782400
http://dx.doi.org/10.1080/19439962.2012.705232
http://dx.doi.org/10.1080/00140139008925335
http://dx.doi.org/10.1080/00140139008925335
http://dx.doi.org/10.1136/ip.2007.016766
http://dx.doi.org/10.1016/j.aap.2006.12.016
http://dx.doi.org/10.1016/j.aap.2006.12.016
http://dx.doi.org/10.1016/j.jsr.2007.04.005
https://sci2.cns.iu.edu
http://dx.doi.org/10.1016/j.trf.2009.08.003
http://dx.doi.org/10.1016/j.aap.2014.01.027
http://dx.doi.org/10.1073/pnas.0307852100
http://dx.doi.org/10.1016/S0001-4575(03)00037-X
http://dx.doi.org/10.1016/S0001-4575(03)00037-X
http://dx.doi.org/10.1016/j.jsr.2007.02.004
http://dx.doi.org/10.1016/j.trf.2012.10.004
http://dx.doi.org/10.1016/j.aap.2004.12.003
http://dx.doi.org/10.1016/j.aap.2004.12.003
http://dx.doi.org/10.1016/j.aap.2013.02.003
http://dx.doi.org/10.1136/jech.2010.112193
http://dx.doi.org/10.1016/j.aap.2011.11.005
http://dx.doi.org/10.1016/j.aap.2011.11.005
http://dx.doi.org/10.1016/S1369-8478(02)00019-0
http://dx.doi.org/10.1080/15568318.2010.497547
http://dx.doi.org/10.1080/15568318.2010.497547
http://dx.doi.org/10.1007/s12544-014-0139-z
http://dx.doi.org/10.1111/j.1753-6405.2011.00731.x
http://dx.doi.org/10.1111/j.1753-6405.2011.00731.x
http://dx.doi.org/10.1016/S0925-7535(01)00077-7
http://dx.doi.org/10.1016/S0925-7535(01)00077-7
http://dx.doi.org/10.1016/S0001-4575(00)00104-4
http://dx.doi.org/10.1007/978-3-540-70981-7_34
http://dx.doi.org/10.1002/asi.21075
http://dx.doi.org/10.1007/s11192-009-0146-3
http://dx.doi.org/10.1007/s11192-009-0146-3
http://dx.doi.org/10.1002/asi.21421
http://dx.doi.org/10.1016/j.ssci.2017.08.011
http://dx.doi.org/10.1007/s11192-018-2650-9
http://dx.doi.org/10.1007/s11192-018-2650-9
http://dx.doi.org/10.1016/j.tra.2006.05.009
http://dx.doi.org/10.1016/j.trc.2016.02.005
http://dx.doi.org/10.1016/j.aap.2011.01.013
http://dx.doi.org/10.1002/14651858.CD004607.pub3
http://dx.doi.org/10.1016/j.aap.2007.02.009
http://dx.doi.org/10.1016/j.aap.2007.02.009
http://www.annals.edu.sg/pastIssue.cfm?pastMonth=7%26pastYear=2009
http://dx.doi.org/10.1111/j.1444-0938.2002.tb03040.x
http://dx.doi.org/10.1111/j.1444-0938.2002.tb03040.x
http://dx.doi.org/10.1016/S0140-6736(09)61714-1
http://dx.doi.org/10.1016/S0140-6736(09)61714-1
http://www.who.int/violence_injury_prevention/road_safety_status/2015/en/
http://www.who.int/violence_injury_prevention/road_safety_status/2015/en/
http://dx.doi.org/10.1016/j.aap.2015.11.014
http://dx.doi.org/10.1016/j.aap.2015.11.014
http://dx.doi.org/10.3141/2333-05
http://dx.doi.org/10.1016/j.jsr.2014.02.008
http://dx.doi.org/10.1136/injuryprev-2016-041964
http://dx.doi.org/10.1016/j.aap.2006.10.002
http://dx.doi.org/10.1016/j.trc.2014.05.016
http://dx.doi.org/10.1016/j.trc.2014.05.016
http://dx.doi.org/10.1093/ije/dyr040
http://refhub.elsevier.com/S0001-4575(18)30274-4/sbref0855
http://refhub.elsevier.com/S0001-4575(18)30274-4/sbref0855
http://dx.doi.org/10.1016/j.aap.2011.03.016
http://dx.doi.org/10.1016/j.aap.2011.03.016
http://dx.doi.org/10.1007/s11192-016-2187-8
http://dx.doi.org/10.1155/2017/2525481
http://dx.doi.org/10.1155/2017/2525481

	Visualization and analysis of mapping knowledge domain of road safety studies
	Introduction
	Methodology
	Data source and research process
	Analytical tool and method
	Construction of co-word similar matrix
	Construction of knowledge domain maps

	Document statistical analysis
	Yearly quantitative distribution of literature
	Quantitative analysis of productive countries
	Quantitative analysis of main research organizations
	Co-authorship analysis of main research groups
	Quantitative analysis of main source journals
	Document co-citation analysis: knowledge bases of road safety studies
	Cluster 1 (red): crash frequency data analysis
	Cluster 2 (green): driver behavior questionnaire
	Cluster 3 (blue): safety in numbers for walkers and bicyclists
	Cluster 4 (yellow): road traffic injury and prevention
	Cluster 5 (pink): driving speed and road crashes

	Keywords co-occurrence analysis: main topic distribution and research fronts of road safety
	Cluster 1 (blue): causation and injury severity analysis of road accidents
	Cluster 2 (red): epidemiologic studies and prevention of road traffic injury
	Cluster 3 (green): intelligent transportation system and active safety
	Cluster 4 (purple): young drivers’ driving behavior and psychology
	Cluster 5 (yellow): older drivers’ psychological and physiological characteristics

	Burst detection analysis: research trends of road safety

	Conclusion and future work
	References




