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Abstract—This paper investigates the productivity and collaborations patterns in the publications of IEEE T RANSACTIONS
ON I NTELLIGENT T RANSPORTATION S YSTEMS (T-ITS) between
2010 and 2013. Our findings show that industry is playing a more
important role in research cooperation. Such a trend is particularly beneficial for expediting the commercialization of scientific
and technological advances. In addition, growing international
collaborations have become a norm as researchers in the U.S.,
China, and Europe are increasingly involved in joint research
endeavors.
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I. I NTRODUCTION

F

IVE years ago, we conducted a collaboration analysis
on the articles published in IEEE T RANSACTIONS ON
I NTELLIGENT T RANSPORTATION S YSTEMS (T-ITS) [1], in
which we identified the collaborations patterns among authors,
institutions, and countries. Our study showed that collaborations on T-ITS publications primarily existed among contributors from universities. Since then, the ever-growing ITS
community has continued to foster ties among researchers
and scholars across the professional spectrum. Noteworthy
collaboration patterns have emerged from these newly forged
connections and deserve to be examined.
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Collaborations patterns are an important indicator for the
status of a discipline. Recent advances in social network analysis have provided powerful tools to help assess such information. For instance, Newman analyzed coauthorship networks
in various disciplines to illustrate the scientific collaborations
patterns [2]–[4]. Wang et al. analyzed the collaborations in
social computing field [5], [6]. Mane and Borner studied the
topic cooccurrence network in the highly cited Proceedings of
the National Academy of Science between 1982 and 2001 [7].
Price analyzed citation networks for papers to identify new
research frontiers [8].
To gain in-depth understanding of ITS as a discipline and the
ITS research community as a whole [9], we use social network
analysis methods to analyze coauthor relationships in IEEE
T-ITS publications in recent years.
The remainder of this paper is organized as follows. Section II
introduces our data source and explains the methodology we
employed. Productivity analysis is reported in Section III.
Section IV presents the collaborations analysis results.
Section V summarizes our major findings.
II. DATA AND M ETHODOLOGY
A. Data Source
We use the meta data on IEEE T-ITS publications from 2010
to 2013. During this period, there are 596 papers contributed
by 1666 authors who are associated with 556 institutions in
49 countries/regions. There are 574 original research papers,
five reviews, three letters, and 14 guest editorials. In this paper,
we exclude letters, reviews, and editorials from consideration
as they differ from regular papers in terms of the review
process.
B. Methodology
This paper employs coauthor collaboration network analysis
and bibliographical methods to analyze coauthorship networks
[4] for IEEE T-ITS.
Coauthorship directly reflects collaborations among researchers [2]–[4]. We examine collaborations in the ITS field
at three levels, i.e., individual researcher level, institution level,
and country level; and construct three types of coauthorship networks accordingly. In researcher-level coauthorship networks,
nodes represent authors and links connect authors who have
coauthored at least one paper. For institution- and countrylevel coauthorship networks, we aggregate researcher-level
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TABLE II
M OST P RODUCTIVE I NSTITUTIONS IN THE
IEEE T-ITS B ETWEEN 2010 AND 2013

coauthor relationships: two institutions or countries are considered to be connected if there are coauthors affiliated with
them. Gephi [10] was used to visualize the networks in this
paper.
III. P RODUCTIVITY A NALYSIS
From 2010 to the end of 2013, IEEE T-ITS had published
596 articles. On average, each paper has 2.8 authors, each
institution publishes 1.07 papers, and each country/region is
related to 12.2 papers. There are a few outliers: one paper has 17
authors [11] from seven institutions; 11 papers have more than
ten authors; and one paper [12] involves the most collaborative
institutions (10) with 14 authors.
A. Productivity Analysis of Authors
Table I reports the most productive authors in IEEE T-ITS
in the last four years. It clearly shows that China, Europe,
and the U.S. play an active role in ITS research: Wen D.
[13]–[15] [National University of Defense Technology (NUDT),
Changsa, China] is the prolific author in IEEE T-ITS based on
the number of papers for which he is credited, followed by
Trivedi M.M. [16], [17] (University of California San Diego,
San Diego, CA, USA) and Zhou MC [18] (Tongji University,
Shanghai, China). Most of the authors work in a collaborative
manner and, on average, are involved in more than six papers.
Furthermore, we notice that half of these top authors are from
China.
B. Productivity Analysis of Institutions
Table II shows the 15 institutions that have contributed the
most to IEEE T-ITS in the last four years. More significantly,
the top ten institutions publish more than 20% of the articles
(172 of 574). The collaborations among these ten institutions
are also strong [19]–[21]: about 30% (48 of 172) of their papers
are written jointly with peers from other institutions in the table
[22]–[26].
It is also worth mentioning that some papers are produced
by research branches of commercial companies such as Volvo
[22], [27], [28], Boeing [29]–[31], Honda [32], [33], General Motors [34]–[36], and Daimler-Chrysler Volvo, which includes Volvo Cars Corporation, Volvo Technology Corporation,
Volvo GRP Trucks Technology, Volvo Cars Safety CTR, and
Volvo 3P, and is even one of the top five most productive
institutions.

Fig. 1. Annual number of papers/authors/institutions/countries between 2010
and 2013.

IV. C OLLABORATIONS PATTERNS A NALYSIS
Fig. 1 summarizes the number of papers, authors, institutions, and countries on a yearly basis. On average, each paper
has 2.8 authors from 0.93 institutions. Coauthorship is prevalent: more than 95% of the papers published in IEEE T-ITS
have more than one author. One-third of the collaborations take
place within the same institution (30.8%, compared with 43%
before 2010 [1]) or between two institutions (37.3%). More
than 72% of the collaborations occur in the same country or
region.
The coauthorship networks are relatively connected. This
paper relies on topological measures of main components.
A. Researcher-Level Coauthorship
At the researcher level, most of the papers (566 of 574) are
collaborated, and almost no paper is produced solitarily. The
typical number of coauthors in a paper is three. More than threequarters of papers are collaborated by two to four contributors.
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Fig. 2. Distribution of the number of coauthors per paper.

Papers with more than ten coauthors are rare [11]. The details
of distribution are shown in Fig. 2.
The researcher-level coauthorship network consists of
1666 nodes and 3644 links encircled in 307 components. The
four largest components contain 222, 90, 88, and 46 nodes,
respectively. The authors in Table II are all represented in
these four components, with each component correspondingly
enclosing two, two, five, and one of the top authors. The
remaining components all have less than 20 nodes. The average
degree of the nodes (i.e., average number of collaborators) in
this network is 4.3. Wen D. [37] is the most active collaborator
(degree = 40) and the key player in the largest component. The
authors with the second largest degree (32) are Mammar S. [38]
and Amditis A. [39]. They are also the key players in the thirdlargest component.
Fig. 3 visualizes the four largest components. The colored
nodes represent clusters obtained from applying the fast unfolding of communities algorithm [40]. The largest component
[see Fig. 3(a), Modularity: 0.783; Number of Communities: 13]
has a compact structure. In this component, the average degree
is 5.8, whereas the largest degree is 40 (Wen D.). The average
shortest path length and the diameter are 4.45 and 10, respectively. The clustering coefficient is 0.82. Wen D. [41] serves as
a major knowledge dissemination hub in this component that
connects four research groups (40 persons in total) led by Li L.,
Chen C., Tang T., and Zhu F. H. The members of these subgroups mainly come from Chinese and American institutions
such as Chinese Academy of Sciences (CAS), Indiana University Kokomo, Old Dominion University, and Tsinghua University. This component clearly shows close research ties between
the U.S. and China.
The second largest component [see Fig. 3(b)] reflects the
main collaborations in Europe. It has a star structure that
connects Llorca D.F. [42] (Universidad de Alcala de Henares,
Spain), Sotelo M.A. [43] (Universidad de Alcala de Henares,
Spain), Van Lint J.W.C [44] (Delft University of Technology, The Netherlands), Milanes V. [42] (Universidad Politecnica de Madrid, Spain), [45] (Universidad de Alcala de
Henares, Spain), and Ploeg J. (Koninklijke Hoogovens, The
Netherlands). The average degree in this component is 6.2,
whereas the largest degree is 26 (Llorca D.F., Spain). The
average shortest path length and the diameter are 3.45 and 7,
respectively. The clustering coefficient is 0.86.
The third largest component represents another strong
European connection, which includes France, Italy, Greece,

Sweden, etc. [see Fig. 3(c)]. The average degree in this component is 9.1, which is much denser than the first two biggest components. The largest degree is 32 (Mammar S. and Amditis A.).
The average shortest path length and the diameter are 2.9 and
7, respectively. The clustering coefficient is 0.89.
The fourth largest component [see Fig. 3(d)] shows a chain
structure that links Lee J., Broggi A., Grisleri P., Trivedi M. M.,
Barth M. J., Vu A., etc., most of whom are from Italy, the
U.S., and Korea. In this component, the average degree is
5.74, whereas the largest degree is 23 (Broggi A.). The average
shortest path length and the diameter are 2.96 and 7, respectively. The clustering coefficient is 0.77. Broggi A. [46] is the
major knowledge dissemination hub that connects most of the
researchers in this component.
B. Institution-Level Coauthorship
At the institution level, about 70% of the papers (397 of 574)
are the result of collaborations among different institutions. The
largest number of institutions involved in a publication is ten
[12], The details of distribution are shown in Fig. 4.
Institutions collaborate more frequently than before. First,
current institution-level coauthorship network has 556 nodes,
947 links, and 98 components; it is much denser than its counterpart five years ago (457 nodes, 538 links, and 132 components) [1] with more nodes and fewer clusters. Second, the giant
component contains 309 institutions (113 of 457 before 2010),
which account for almost 60% of the contributing institutions in
this paper. Fig. 5 illustrates this giant component and its colored
clusters identified by the fast unfolding algorithm [40]. Third,
the average number of collaborators within one institution has
increased. In the institution-level coauthorship network, the
average degree is 2.86 (2.33 before 2010). However, within the
giant component, the average degree is 3.95 (3.84 before 2010).
The average shortest path length of the giant component is 6.12,
whereas the diameter is 17. The clustering coefficient is 0.58.
Universities were taking the lead in ITS innovation, research,
and applications based on our last study [1]. However, the
dynamics have changed noticeably and our analysis shows that
industry now plays a more important role in joint research
development compared with their involvement in previous
years. This shift is undoubtedly beneficial for expediting the
commercialization of scientific and technological advances.
The institution with the largest degree (29) is Volvo Technology
Corporation, followed by the Chinese Academy of Sciences
(21), National University of Defense Technology (20), and Delft
University of Technology (19).
In the giant component, clusters are usually formed around
key institutions. For example, Volvo Technology Corp (light
blue) is connected with 29 institutions, most of which are
universities such as National Technology University of Athens
in Greece and Universita di Trento in Italy. CAS (yellow) is
connected with 21 institutions, most of which are located in
China.
There are also structures indicating complicated interactions
among institutions. For example, the light green cluster shows
a chain structure that connects 20 institutions, including Universite de Montreal, Chunghwa Telecom Co. Ltd., University
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Fig. 3. Four largest components in the researcher-level coauthorship network and the skeleton view of other components. (Node size: number of collaborators;
node color: clusters divided by fast unfolding algorithm). (a) Largest component (size = 222). (b) Second largest component (size = 90). (c) Third largest
component (size = 88). (d) Fourth largest component (size = 46). (e) Other components.

Fig. 4.

Distribution of the number of collaborative institutions per paper.

of California Los Angeles, University of Cambridge, National
Tsing Hua University, Asia University, etc.
C. Country-Level Coauthorship
At the country level, about 30% of the papers (160 of 574)
are collaborated by authors of different nationalities. The paper
with the broadest international participation has seven countries

involved [12], which account for almost 15% of the contributing
countries in this paper (49 countries). The details of distribution
are shown in Fig. 6.
There are 49 countries/regions in this country-level coauthorship network, which is shown in Fig. 7. The giant component
connects 47 countries/regions. Only two nations (Chile and
Serbia) are separated from other nodes.
Compared with the coauthorship network five years ago [1],
we find that collaborations are more extensive in recent years,
and this conclusion is supported by the following evidences.
First, the average number of collaborators in one country
(degree = 5.4) is significantly higher than the same index prior
2010 (degree = 3.6) [1]. Second, the key collaborators work
more closely with other countries. The U.S. has the largest
number of collaborative countries (degree = 24, as opposed to
17 before 2010 [1]), followed by Germany (18), China (16),
Italy and Canada (15), and England (14). All top ten countries
have degrees to be greater than 11. In comparison, only two
countries (the U.S. and China) have more than 10 collaborators
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Fig. 5. Giant component of the institution-level coauthorship network. (Node size: number of collaborators; node color: the clusters divided by fast unfolding
algorithm. The names of institutions are listed in the Appendix.)

before 2010 [1]. Generally speaking, the top five countries
see extensive multilateral collaborations among themselves,
whereas the rest of the countries tend to build bilateral collaborations with only some of top five countries, particularly
the U.S. and Germany. Third, almost half the countries (23 of
49) collaborate with more than three other countries, comparing
with less than 30% (11 of 31) five years ago [1].
Fig. 8 illustrates the degree distributions of the three types
of coauthorship networks (in log-log scale). As shown in the
figure, these distributions generally have long tails, which suggest that there exist some “super” collaborators who have consistently collaborated with their peers. For authors (institutions,

Fig. 6.

Distribution of the number of collaborative countries per paper.
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Coauthorship networks of IEEE T-ITS show a scale-free
characteristic. Several productive/high-impact authors have
played the key role of knowledge dissemination hubs that
connect researchers from different institutions/countries into
larger collaborations networks. International collaborations are
prevalent between the U.S. and other countries, particularly
China, Germany, Canada, and Italy.
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Fig. 7.

Country-level coauthorship network.

Fig. 8.

Degree distribution of three coauthorship networks.

countries) with more than two collaborators, the number of their
professional connections is projected to grow continuously.
V. C ONCLUSION
This paper presents the analysis of research collaborations
patterns among productive authors and institutions in IEEE
T-ITS publications over the last four years using social network
analysis methods.
The results reaffirm our previous findings that collaborations
are the mainstream in ITS community. One of the most noticeable trends is that industry now plays a more important role
in cooperation. It is a significant development considering universities were taking the lead in ITS research and applications
five years ago [1]. The deeper involvement by companies in the
research phase is expected to help expedite intellectual property
transfer and commercialization of scientific and technological
advances.
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