International Journal of Innovation in Management, Vol. 7, No. 1, pp. 20-26 (2019)

Apply Social Network Analysis and Co-author Network in Ranking
Interdisciplinary Authors

Yi-Ning Tu'* and Chi-Hao Lin?
Department of Statistics and Information Science, Fu Jen Catholic University, Taiwan
eniddu@mail.gmail.com!, howard81527@gmail.com?
*Corresponding Author

Received 25 February 2019; received in revised form 1 April 2019; accepted 13 May 2019

20

Abstract
This study tries to exploit the betweenness centrality of social network analysis and co-author network to
rank the interdisciplinary authors. The interdisciplinary author is defined as an author who published papers
at least in more than one research domain. This study discovers the interdisciplinary authors should have
higher betweenness centrality than others. The interdisciplinary topics will apply in the “text mining” and
“library and information science” that are the techniques used in this work. Finally, this study plan to com-
pared the Spearman's rank correlation coefficient between h-index, total citation frequency and between-

ness centrality with the proposed method.
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1. Introduction

There are lot s of research field are not
only include one domain currently. Jacobs
(2009) claims there are lots of successful re-
search are interdisciplinary work. Take statis-
tics as an example, no matter in biology (Liu,
Pouli, Sood & Sundarakrishnan, 2017) or fi-
nance (Lorenz & Sachs 2016) there are some
interdisciplinary and excellent studies. While
there are some scholars want to investigate a
new or combine another field as interdiscipli-
nary, they need to spend plenty of time and
effort to study lots of literature. Some studies
proposed methods to help the researchers who
want to combine another new field in their
works. Burt (1980) suggests although the qual-
ity of papers and research domains are not eas-
ily evaluated, there are still some studies try to
help this problem and proposed some indices
for researchers. Such as finding out impact au-
thors (Borner, Maru & Goldstone, 2004, dis-
covering impact papers (Liu & Lu, 2012) or
searching from impact journals (Garfield,
2006).

In impact authors, during last decade, the
famous H-index (Hirsch, 2005) is a frequently
used method for evaluating an author's impact.
For evaluating journals, there is well-known
Impact Factor(IF) proposed by Garfield (1955).
As mentioned to papers or topics, Tu & Seng
(2012) also assert that impact papers can be
evaluated by impact powers of an author and
their social connections. After that, they also
proposed some measurement no matter to de-
tect emerging topic or finding impact (Tu &

Seng, 2012). Also, they exploit the aging theory
to develop some indices to help find the
emerging topic (Tu & Seng, 2012). In 2016,
(Tu & Hsu, 2016) proposed a conceptual tra-
jectory development map, which can propose a
fast browse method to trace the development of
a research field by time. They start to trace the
development of a research topic to help re-
searchers find the possibility of interdiscipli-
nary topics by the conceptual map. But these
related works are focused on one topic. And
there are no too much works discuss ranking
the interdisciplinary authors.

Aboelela (2007) indicates although there
are more and more interdisciplinary works than
before, since the difference of the research do-
mains, there is no effective approach to identify
what is interdisciplinary paper. Porter (2009)
exploits the categories defined by the Web of
Science search engine as the different topic.
This study adopts the same method to classify
the category of a research field. Suppose Dy as
a the h™ domain. If there is an author published
paper in D; or co-author with other people,
besides, also have the same situation in Do.
This study defines this author is an interdisci-
plinary author.

As mentioned to the impact of a paper or
research topic, it's limited by time. The earlier
published work will have higher chance to get
higher citations. Hence, sometimes, when a
topic starting to be discussed everywhere, it
may over obsolete and not potential emerging
topic anymore. This study exploits use the im-
pact author as a starting point, especially the
interdisciplinary papers may have chance be
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the emerging topics. Consequently, this work
tries to ranking the interdisciplinary authors to
help the new comer to get into a research field
easily and quickly. The new researchers can
trace the trajectory and have chance discover a
potential impact topic of a field by following
the work of high ranking interdisciplinary au-
thor.

Diallo, Lynch, Gore & Padilla (2016)
suggested that the importance of a paper alt-
hough related to time, but if using centrality of
social network analysis (SNA) to calculate will
prevent the time effect. There are lots methods
to compute the centrality of an author. But be-
tweenness centrality can reflect the interdisci-
plinary authors more than other normal authors.
When two people transmit the information,
knowledge or extended the trajectory of a re-
search, it's not always directly, sometimes it
needs some literatures connected networks to
passing the information or knowledge. The
higher betweenness centrality author will have
higher chance to be passed by his research than
others when some studies want to transmit in-
formation or knowledge. This work tries to
evaluate disciplinary authors and ranking these
authors by their co-authorship network.

2. Literature Review

2.1 Co-author Network

Co-author network is a social network ex-
tension and has been broadly applied in under-
standing the structure of science field and au-
thor position. Co-author network and citation
networks have similar principle. Both are the
application in social network of different data.
The differences are the citation network is us-
ing the paper as a node to express the cited and
citing relationships while the co-author network
represents nodes as authors. Except the citation
relationship between papers, there are also dif-
ferent sort of networks. Reffay & Chanier
(2003) suggest can construct the network be-
tween students groups and help the learning
efficiency. Park (2003) asserts that social net-
work can be applied in the hyperlink relation-
ships between webs. Liu, Bollen & Nelson
(2005) point out the citations between papers
can be applied in citing and cited relationship.
Besides, co-author network is more emphasize
the cooperation in a paper between authors.
Consequently, the co-author network is more
similar social network than citation network.

Co-author network is based on an author
as a node, and investigate the relationship be-
tween authors. Constructing the co-author net-
work is expressed as formula (1). If there are
co-author relationship between A;j and Ay, the
Eix will be 1, otherwise 0. Finally establish the
co-author network G for every author in a field.

G=(A;, Eix) (D
® Gy : If Ajand Ay exist the co-author rela-
tionship then build the connection
® A : the i author
® A, : the other authors except A
®  Eiy:the co-author relationship between A;
and Ay

This study will download the papers from
Web of Science and retrieve all the authors in
each paper. Based on the formula (1) to drown
the co-author network and compute the be-
tweenness centrality of each author.

2.2 Social Network Analysis(SNA)

The social network defined as some nodes
to connect as a network based on their rela-
tionships. These nodes could be personal or
social groups, and the relationships can also
apply in other field. For example, in the travel
industry (Casanueva, 2016), patent (Sternitzke,
2008), and family relationship (Crosbieburnett,
1984), even to look for impact authors in each
field (Otte & Rousseau, 2002) are all apply in
social network analysis. Crucitti(2006) suggests
that social network analysis(SNA) are include
six different centralities such as betweenness,
closeness, degree, efficiency, straightness, in-
formation. The SNA treats all the relationship
as a link and analyzes the relationship. While a
node in the network has more excellence than
other position, it can also have more resources
than others. Hence, the position and the con-
nection will be a point of a network. Freeman
(1978) proposed three import centrality which
can measure the importance of the node in the
network. They are degree centrality, between-
ness centrality, closeness centrality. Yin,
Kretschmer & Hanneman(2006) use these three
centralities to compute the co-author network
of COLLNET, and determine which paper is
more important. The following this study give
an example as table 1 to introduce the be-
tweenness which is most suitable for compu-
ting the rank of interdisciplinary authors.

Suppose the A represent the i author, P;
indicates the j™ paper, and the table 1 shows P;
is published by authors A, As, in other words,
A4, Az are co-authors. Viewing the node as au-
thors and drawing the graph of relationship as
figure 1 for table 1.

Table 1: The Relationship between Papers and Au-

thors
Papers (P)) Authors (Ai)
P1 A1, As
P> Az As As
Ps3 AL A2
P4 As, As, As
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Figure 1: Co-author Network

2.3 Betweenness Centrality

Betweenness centrality represents as two
nodes need a node to play a role as a bridge.
While a node in the network has more excel-
lence than other position, it can also have more
resources than others. Hence, the position and
the connection will be a point of a network. As
the formula (2), Ay indicates an author except A
and Ax. When A, wants to transmit the infor-
mation Ay, and the shortest path has to pass the
node A, then the A; will be the bridge author
between A and Ay.

xy (Ai

buy (A)) = 2200 @)

® A ! indicates an author except A;j and Ay.

®  , - represents how many shortest path
between Axand Ay.

® (A : represents how many shortest
path between Ay and Ay and through by A;.

Like formula (3), the Ai will compute to
with each pair of Ay and Ay as by(Ai). After
summarizing all the by(Aj) will produce the
Cg(Ai). Using the same approach for each au-
thors can compute the value of each author’s
beweenness centrality.

Cp(A) = X X2 by (A) where x <y (3)
® b, (A) : the probability which A; appear in
the path between Axto Ay,
(] | : the number of all the authors.
®  Cg(A) : the betweenness centrality of A;.

Take figure 2 as an example, while A;
want to transmit the information to As has to
pass the node As. Hence Az has more power
between A1, Az and As. In other words, while Az
does not appear in the shortest path between A;
and Az and the value of betweenness centrality
of Asfor path A;to Ay will be 0. The frequency
of Az in each path will show in the table 2.

Figure 2: Computing the Betweenness Centrality

Table 2: The Frequency of A3 Appear in the Shortest Path

path Probability in path path Probability in path
Arto A2 0/1=0 Az to AL 0/1=0
A1 to A4 1/1=1 Asto A1 1/1=1
A1 to As 1/1=1 As to A1 1/1=1
A1 to As 2/2=1 As to A1 2/2=1
Az to A4 1/1=1 Asto A2 1/1=1
A2 to As 1/1=1 As to A2 1/1=1
A2 to As 2/2=1 As to A2 2/2=1
As to As 0/1=0 As to A4 0/1=0
Asto Ae 0/1=0 As to Asg 0/1=0
As to As 0/1=0 As to As 0/1=0

The table 3 shows the betweenness cen-
trality for all the nodes of the co-author net-
works in the figure 2. Finally, this study will
use the approach mentioned above to rank the
interdisciplinary authors.

Table 3: The Betweenness Centrality for All the

Nodes
Ai Cs(Ai) Rank
Al 8 2
Az 0 4
A3 12 1
As 3 3
As 3 3
As 0 4

3. Interdisciplinary Authors Ranking
Algorithm

This study tries to divide the process into
three parts: 3.1 Construct the co-authorship
network. 3.2 Compute the betweenness central-
ity of interdisciplinary authors. 3.3 Raking the
interdisciplinary authors. The details are illus-
trated as follows.

3.1 Construct the Co-Authorship Network

3.1.1 Retrieve the Papers from Web of Science

In the academic paper search engines, Web
of Science to search two research domains.
Because it’s interdisciplinary author ranking,
hence the two domains can’t too different to
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find the co-authors. This study plans to use
domains such as “text mining” and “library and
information science” they are not only have the
cross over parts and are also the techniques
used in this study.

3.1.2 Extract the Information from Authors
and Papers

Suppose there are two domains such as Dy
and Dy. After retrieving all the papers in this
two domains and present as P. Suppose there
are 10 papers in these two domains shows as
table 4. Since the Ps is the paper across the Dy
and Dy, hence the As will be viewed as interdis-
ciplinary author. Besides, the A; and A4 are
co-authors both in Dy and Dyare also viewed as
interdisciplinary authors. Finally the A1 As As
are the interdisciplinary authors in the case.

Table 4: The Relationship between Domains, Papers

(1)
OWO. °
offo
C ®/® (e
Figure 5: Label the Co-author Networks

Table 5: The Ratio of Each Co-author Network

No. quantity Occupied ratio
1 5 6/13=46.2%
2 3 3/13=23.1%

3 2 2/13=15.4%

and Authors.

)" Pj Ai

Dx Py A1 Az As

Dy P2 A1 Az As

Dy Ps3 A4 As

D« P4 As, Ae
Dy, Dy Ps As

Dy Ps A7, Ag

Dy P7 Ag Ao

D« Ps Aro, An

Dy Py An

Dx Pio Az

3.1.5 Find out the Interdisciplinary Authors

After filtering the largest co-author net-
work as network 1, all the authors in network 1
are listed as table 6. There are three authors
such as A; A4 As are across two domains and
will be viewed as interdisciplinary authors (1Ag)
in this work.

Table 6: Find Out the Interdisciplinary Authors

3.1.3 Build the co-authorship network
Use the 10 papers and the 13 authors in

table 4 to build the co-author network as the fig.

3. For example, A1, Az, A4 these three authors are
co-author in P; and can have link with each

other. There are three major co-author networks.

A1, Az, Az, A4, As, Asis the biggest one, and Ay,
Az without any co-authors and also not the
interdisciplinary authors in these papers.

()
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Figure 4: Building the Co-author Networks

3.1.4 Filter the Max Co-Authorship Network

Next step is filtering the max
co-authorship network. This study labels the
three networks as fig. 5. Besides, this study also
computes the size of each network and show
the ratio as table 5. Finally, this work will
choose the largest network to finding out the
interdisciplinary authors.

Ai D A,
Al Dx, Dy lAl
AZ Dy -
A3 Dx -
Ay Dx, Dy 1A2
As Dx, Dy 1A3
As Dx -

3.2 Compute the Betweenness Centrality of
Interdisciplinary Authors

The calculation method has introduced as
section 2.3. The table 7 shows the betweenness
centrality of author Aj.

Table 7: Shows the Betweenness Centrality of Au-

thor A1
Path Pr'obability Path Pr:obability

in path in path
Azxto A3 1/2=0.5 As to A2 1/2=0.5
A2 to A4 0/1=0 As to A2 0/1=0
A2 to As 0/1=0 As to A2 0/1=0
A2 to As 0/1=0 As to A2 0/1=0
Az to As 0/1=0 Asto Az 0/1=0
Az to As 0/1=0 As to Az 0/1=0
Az to As 0/1=0 As to Az 0/1=0
Asto As 0/1=0 As to A4 0/1=0
A4 to As 0/1=0 As to A4 0/1=0
As to As 0/1=0 As to As 0/1=0

3.3 Ranking the Interdisciplinary Authors

The betweenness centralities of all the au-
thors are shown as table 8. The computing
method has shown in section 2.3.

23
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Table 8: The Betweenness Centrality of All the Au-

thors
Ai Cs(Ai) Rank
Al 1 3
Az 0 4
A3 0 4
As 13 1
As 8 2
As 0 4

4. Experimental Results
This research selects the two domain
which is “text mining” and “Library and In-

formation Science”. The data was collected
during 2000/1/1~2017/1 and the detail are
shown as table 9. The largest co-author network
includes 3346 authors, and the second largest
contains 135 authors. Hence the largest
co-author network is more impact. The top 10
between centrality of authors from the selected
network are shown in the table 10. Besides, the
network contains 60 interdisciplinary authors
and shown as table 11.

And contains 60 authors are interdiscipli-
nary authors.

Table 9: The Detail of the Data Collection

Domain(D) Text Mining Library and Information Science
Total paper quantity 4445 3752
Total author quantity 13573 10778
The average author numbers in each paper 3.05 2.87

Table 10. The Betweenness Centrality of Top 10 Authors in the Largest Network

Author’s name

Betweenness centrality

interdisciplinary authors

Verspoor, Karin 2165618 -
Cohen, Kevin Bretonnel 1851809 -
Jegga, Anil G. 1809885 -
Wang, Lishan 1777581 -
Song, Min 1675064 (¢}

Xing, Li 1450623 -

Chen, Xi 1450542 -

Yan, Erjia 1393681 o

Liu, Yufeng 1341488 -

Li, Xia 1260355 -

Table 11: The Rank of Betweenness Centrality for
All Interdisciplinary Authors

Author’s name Betweenness centrality

Author’s name Betweenness centrality

Song, Min 1675064
Yan, Erjia 1393681
Xu, Hua 737280
Wu, Fei 660960
Chen, Kun 616930
Xu, Tao 591682
Zuccala, Alesia 541346.7
Zhang, Yin 528282
Ding, Ying 525459.1
Yu, Philip S. 460344
Liu, Yang 309730
Buttigieg, Pier Luigi 279836.5
Zhang, Lei 264684
Li, Jiang 259171.9
Kalas, Matus 205282
Tang, Jie 179034
Luo, Hui 126274
Evans, James A. 119698
Li, Gang 117838.2
Laibe, Camille 113050
Rzhetsky, Andrey 106528
Pavlopoulos, Georgios A. 97233.92
Antezana, Erick 93184
Wu, Lei 86554
Malone, James 73282
Li, Jun 66690
Wang, Ping 66660
Li, Lang 59994
Schulz, Stefan 59994

Thelwall, Mike 53378

Suzek, Baris E. 53344
Janssens, Frizo 46732
Valentin, Franck 46690
He, Wu 40048
Kuentzer, Jan 40032
Kovacevic, Aleksandar 26715.33
Glanzel, Wolfgang 26704
Mu, Xiangming 26704
Zhang, Yan 26704
Zhang, Ying 26704
Cronin, Blaise 26704
Peitsch, Manuel C. 26704
Li, Jiang 20034
Iliopoulos, Ioannis 17221.22
Kell, Douglas B. 13360
Luo, Bo 13360
Wang, Xue 13360
Wang, Yuan 13360
Zhang, Jing 13360
Hoffman-Apitius, Martin 8276.51
Bai, Xue 6682
Kohane, Isaac 6682
Chen, Wei 6682
Williams, Antony J. 6682
Younesi, Erfan 85.32381
Heo, Go Eun 7.666667
Liu, Xiaomin 0
Wau, Lili 0
Huvila, Isto 0
Zhu, Yongjun 0
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5. Conclusion

This research proposed a new method to
solve the problem of raking interdisciplinary
authors. The proposed method combing the
betweenness centrality of social analysis and
trying to construct the co-author networks to
rank the interdisciplinary authors. There are 60
interdisciplinary authors were rank from the
domain “text mining” and “library and infor-
mation science”. The top author in these two
domains is Song, Min whose h index is rank as
9 in the total authors and the total citations are
rank 16. These information tell the original
method to evaluate the authors are similar to
the proposed method. But the proposed method
can really reflect the interdisciplinary author’s
rank.
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