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Traditional methods to evaluate research performance focus on citation count, quality and quantity of research
output by individual researchers. These measures overlook the roles an individual plays in research collabora-
tion,which is critical in an institutional researchmanagement environment due to the inherent interdependency
among research entities. In order to address the organizational research management needs, we propose a re-
search social network approach to better analyze local collaboration networks. For this purpose, we develop a
new “collaboration supportiveness”measure to quantify an individual researcher's collaboration ability. Insights
derived from this research are very helpful for managers to effectively allocate resources, identify research prior-
ities, promote collaboration, and grow research in directions aligned with the organizational strategies.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Academic institutions face tremendous pressure to expand their re-
search outputs in the global competition for reputation. Effective re-
search management is critical to institutional mission in developing a
successful research strategy to build solid research programs, grow re-
search activities, and align institutional priorities with funding agency
criteria. It can also inform organizational level strategic decisions, ease
reporting to external stakeholders such as funding councils, and help
strengthen collaboration within and beyond the institution's bound-
aries. Today, institutional research repository has been put into agenda
in many countries. For example, Symplectic is a publication-oriented
systemwidely used in the universities inUK. The EuropeanOrganization
for International Research Information (www.eurocris.org) provides
support for users in their recording, reporting and decision-making
concerning the research process. In North America, many universities
partnerwith Thomson Reuters to expand their global research presence.

Traditionally, researchmanagement function is performedbyuniver-
sity research office which collects research outputs (e.g., papers, patents,
etc.) from faculty via individual annual reports. The collected informa-
tion is hosted by a university information system. As universities estab-
lish their own research repositories, institutional managers realize a
number of challenges in measuring research impact and performing re-
search assessment. First, the most widely used research metric is the
journal impact factor (JIF) developed by the Institute for Scientific Infor-
mation (ISI, now part of the Thomson Reuters group). The metric was
originally intended as a tool for publishers to measure the impact of

individual journals. Due to the lack of other reliable measures, institu-
tions tend to overly rely on JIF as a research measure. It is clear that the
use of such single metric is insufficient to measure the impact of re-
search. New metrics relevant to the specific institutional research con-
texts need to be developed.

Second, institutional research performance assessment usually only
emphasizes on quality, quantity, and citations of published journal arti-
cles. These existing metrics largely treat individuals as independent
contributors in the knowledge production and dissemination process.
However, most research is collaborative in nature. There exist strong in-
terdependencies among research projects involving a group of related
researchers. The tie is even stronger for certain research topics and in
certain research disciplines. It is necessary to develop alternative, reli-
able and objective methods for managing and measuring research per-
formance not only individually, but in the context of local collaboration
networks.

To address these challenges, we propose a research social network
approach to perform research performance evaluation. In addition to
the standard measure of productivity (e.g., quantity and quality of re-
search), the new framework emphasizes on relevance and connectivity.
Relevance refers to information such as keywords and research disci-
plines that put the research evaluation in the relevant context. Connec-
tivity refers to the inherent interdependencies among researchers and
research topics. We aim to transform traditional research management
by incorporating a comprehensive analysis of the local collaboration
communities. Our major contribution is to propose local collaboration
network as a new tool to inform strategic, organizational, and manage-
rial decision making.

For this purpose, we further develop a newmeasure called “collabo-
ration supportiveness” to quantify the individual contribution in the
local collaboration network. By smart exploitation of a local research
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network in a university, we show that our method is very effective to
discover rich patterns of collaboration and generate new insights. In
comparison with the traditional collaboration network analyses such
as citation network that essentially take a global view, we focus on
more relevant, local social collaboration network from the perspective
of institutional research management such as the research office.

Most social network applications in the literature only focus on ei-
ther one type of subjects (e.g. authors) or single relationship (e.g. co-
authorship) among subjects. However, the joint analysis of authors
and topics can provide more information for better research group
identification than separated networks. In this study we not only con-
sider the traditional network analysis on the research collaboration,
but also the links between researchers and topics based on two-mode
network analysis methods. To the best of our knowledge, this research
is the first to employ two-mode network to perform joint analysis of re-
searchers and topics in the context of research collaboration.

We developed a research online information system to effectively
collect, disseminate, and regulate research outputs. The available ser-
vices are classified into three types of users: institutional administrators,
researchers, andpublic users. The system supports both tactical and stra-
tegicmanagement functions at different levels. In this study,we focus on
the information andmanagement function from the institutional admin-
istrators' perspective. Our analyses help answer the following questions:
what is an individual's social position and specific roles he/she plays in
the collaboration network? How many and which groups are the most
cohesive collaboration research groups in the department/college/
university? What are the key research areas within the department or
across the disciplines? Who belong to the core group of researchers to
connect different research topics? Do there exist centers of excellence
in terms of productivity?What are the new collaboration opportunities?
Better understanding of these questions will enable information-rich
collaboration, effective decision-making and successful management of
research.

Overall, our system builds amore transparent research environment
and gains more visibility in terms of the roles research centers and de-
partments play in various research activities. This can help the research
office in its internal resource allocation, balance the different demands
of basic versus applied research, individual versus collaborative re-
search, and identify research priorities or respond to national priorities.
In addition, the decision support system can help make recommenda-
tions for institutions and policymakers, such as designing incentive
mechanisms to award outstanding researchers, train human capital,
and grow research capacity.

The rest of the paper is organized as follows. Section 2 briefly re-
views the related work on research social network analysis methods
and applications. Section 3 describes our research framework, details
the management functions, key features, and the corresponding net-
work analysis methods. We provide detailed analyses in Sections 4
and 5. Concluding remarks are presented in Section 6.

2. Related literature

In this section, we first focus our attention on popular techniques
used in social network analysis. We then review three major types of
applications: paper-centered, author-centered, and topic-centered net-
work analysis.

2.1. Social network analysis methods

Social network analysis, originally gained its popularity in social and
behavior sciences, involves understanding the linkages among social
entities and the implications of these linkages. With the rapid develop-
ment of formal analyzing techniques, it has become an attractive tool
for a variety of fields, such as economics [24,26], marketing [36], knowl-
edgemanagement [19], industrial engineering [1,18], etc. Academic col-
laboration network is an important type of social network that receives

growing interests in recent years [2,11–13,29]. Such analyses provide
important insights to drive the development and structure of the specif-
ic academic disciplines [27].

In the social network analysis, mode refers to distinct kind of social
entities (or actors) in the network. We can categorize networks by
howmanymodes the network has. Co-authorship network is an exam-
ple of one-mode network in which researchers are defined as a single
type of entities. Two-mode networks focus on two distinct types of en-
tities. For instance, the conference participation network consists of re-
searchers and conferences. A bipartite graph can be constructed to
express researchers' participation in different conferences [37].

The social network can also be distinguished by its global or local in-
fluence, depending on whether there are focal entities in the network
[37]. A local network consists of focal entities (i.e., egos) with whom a
set of actors have ties. It is also called ego-centered network. If all enti-
ties in the network are treated equally, the network is a global network.

Existing social network analysis techniques focus on a number of
important measurements about the network structure. Centrality is an
indication of the social power of a node based on how well it connects
the network. In general, there are three types of centrality measures:
degree centrality, betweenness centrality, and closeness centrality. De-
gree of a node is the number of direct connections a node has in a net-
work. Betweenness of a node is the number of shortest paths between
other node pairs that pass through that node in a network. Thismeasure
gives a higher value for nodes that bridge clusters. It implies that, if
more people depend on a person to make connections with other peo-
ple, then more power that person has. Closeness of a node is the inverse
of the sum of all shortest distances between that node and other nodes.
It indicates the extent towhich an individual is near all other individuals
in a network directly or indirectly.

In bibliometrics, social network analysis techniques are often used to
explore the collaboration patternswithin certain disciplines. Researchers,
papers, and keywords are most frequently used subjects. They are con-
nected by relationships such as co-authorship, citation relationship, co-
occurrence etc. According to the type of analyzed subjects, the related re-
search output analysis can be mainly categorized into three classes:
paper-centered analysis, author-centered analysis, and topics-centered
analysis.

2.2. Paper-centered analysis

Paper-centered analysis usually uses publications or journals as
major subjects. It focuses on citation or co-citation relationship. Citation
analysis is one of the most widely used methods of bibliometrics [34].
When one research work cites another, a relationship, citation-from
or citation-to, is established. This relationship could be extended to be-
tween authors, between journals, between fields, between institutions,
or even between countries. For example, the Social Science Citation
Index (SSCI) and the Science Citation Index (SCI) are designed to trace
citations and indicate the importance and impact of the research papers
and journals. The well-known link-based ranking algorithms such as
PageRank [33] have been used in the citation network tomore accurate-
ly measure research quality [9]. Building upon the PageRank algorithm,
Google Scholar is a very popular automated citation indexing tool that
analyzes citations in large-scale.

Citation analysis can be used to quantify the influence of a single re-
searcher. The best-known measures so far include h-index [16], in
which both the number of publications and the number of citations
per publication are taken into account, and g-index [10], which is calcu-
lated based on the distribution of citations received by a given
researcher's publications. The h-index and g-index are highly correlat-
ed. Thesemeasures are used to evaluate an individual scholar's produc-
tivity and impact of the published work [32].

Citation analysis is also ameans of determining “classic”publications.
Walstrom et al. [35] conduct citation analysis on 118,364 references
from 3752 articles published in top IS journals from 1986 to 1995.
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They identified 91 “citation classics” and 13 “super classic” publications.
These results are very useful to develop reading list and discover charac-
teristics that make a reference classic. Whitley [38] analyzes the citation
network of papers published in European Conference on IS (ECIS) during
1993–2002 to identify core research themes and up-to-date research
subjects. Based on a network of research papers, Bhattacharjee et al.
[3] develop a structuralmethod to identify the influential information el-
ements and connections in an information resource network.

Co-citation analysis involves tracking pairs of papers that are cited
together in the source articles indexed in ISIs databases. Bibliographic
coupling and co-citation coupling are two types co-citation analysis
that establish subject similarity between two research works. Culnan
[7,8] explores themainstream research subfields in IS to identify the ref-
erence disciplines of each subfield. These studies provide a useful
framework for understanding the foundation of IS [31]. Although co-
citation patterns can be used to address the issue of connectivity or col-
laboration among researchers, the effect is more global than local. Since
we are interested in understanding the local collaboration patterns, we
focus on author-centered and topic-centered analysis.

2.3. Author-centered analysis

Author-centered analysis, also called researcher-centered analysis,
takes the co-authorship as the ties linking researchers together. This
type of network has been studied extensively from various aspects
such as degree (number of co-authors) distribution analysis [20], social
community extraction (research group identification) [30], social entity
ranking (researcher ranking) [21,39], knowledge exchange network
[17,31], expert recommendation [15] etc. In addition, Morel et al. [28]
study suitable research group identification in areas where researchers'
productivity and impact factor of scientific publications are of limited
value. Goldenberg [11] performs dynamic analysis to investigate the
evolution of the collaboration network in Marketing Science.

Co-authorship networks are created froma large set of publications by
clusters of collaborating researchers. In suchnetworks, each author is rep-
resented as one node, and an edge represents the papers co-authored by
two authors. Theweight of an edge is the total number of co-authoredpa-
pers. Since most existing co-authorship networks are modeled using un-
directed graph, the well-known RageRank algorithm cannot be directly
applied to more accurately measure the contribution of a researcher in
the collaboration relationship, because those link-based methods are
mainly designed for directed graphs.

More recently, Han et al. [14] introduce a novel “supportiveness”
measure on co-authorship relation. They view the paper co-authored
by two authors as one author supporting the other's scientific work. A
supportiveness-based author ranking scheme is proposed. They further
use the k-nearest neighbor algorithms to find the most supportive au-
thors. To identify the groups of authors who contribute the most to the
intra-department collaboration, we construct a bi-directional graph
based on the “supportiveness” concept. We further introduce a new
“collaboration supportiveness” measure to rank researchers based on
their net weighted contribution to the department collaboration.

2.4. Topic-centered analysis

In the general research environment, scopes and aims are specified
by journals, research interests are claimed by authors, and papers are as-
sociated with keywords. Such information is generally regarded as key-
words or topics in our research. The topic-centered analysis usually
focuses on the co-occurrence of these topics identified by the research
works, journals or authors. There are much fewer works about keyword
occurrence analysis than the citation analysis and co-authorship analysis.

The keyword analysis evolves from co-word analysis, which is a
well-known relational bibliometric method. It was originally used to
make target-oriented retrieval, and later it was used to evaluate the re-
search outputs [4]. Today co-word analysis allows for the relational
analysis of documents based on terms and term-groups. Keyword

Aggregate data from
various sources

Extract titles,
abstracts, keywords,
and citation
information

Data Collection Data Cleaning

Index articles, 
researchers, topics, 
and other research
entities

Parse author names
and affiliations

Data Analysis

Topic network analysis

Department/discipline
collaboration analysis

Co-authorship network 
analysis

Author-topic network
analysis

Visualization

Department 
collaboration maps

Author/ topic ranking 
tables

Discipline/ university/
country collaboration
graphs

Fig. 1. Research analytics processes and steps.

Table 1
Management functions supported by the collaboration network analysis.

Management
functions

Key features Types of
network

Individual productivity assessment Quantify the measure of “collaboration supportiveness”
Identify the collaborative roles an individual researcher plays in the collaboration network
Analyze a researcher's collaboration patterns

Co-authorship network

Collaboration group analysis Identify the most active research topics within departments and across disciplines
Identify the most cohesive collaboration research groups within the department/university
Identify center of excellence and the key research areas

Co-authorship network
Topic network

Researcher-theme path analysis Determine a core group of researchers to connect different research topics
Discover new collaboration opportunities by connecting researchers with the same research
theme and by recommending promising themes to key group of researchers

Author–topic network

Strategic planning Prioritize resource allocation to centers of excellence and provides seed funds to grow weak
research areas
Design incentive mechanisms based on institutional needs and align organizational goals with
those of the funding agencies

Co-authorship network
Topic network
Author–topic network
Other statistical tools

429X. Liu et al. / Decision Support Systems 56 (2013) 427–438



analysis is a type of co-word analysis that has started to play an impor-
tant role in understanding the dynamics of knowledge development
[22,23]. The techniques of keyword analysis might be a potential meth-
od for monitoring development trends and projecting future research
directions [5,23].

It is relatively new in the IS field to employ keyword analysis. Choi [6]
is among the first to construct keyword network analysis based on pub-
lished articles in five major MIS journals from 1998 to 2008. The study
provides useful insights to better understand the intellectual structure
and research trends in the ISfield. In our research,we employmultiple re-
search methods to explore the research collaboration patterns.

3. Research framework

We mainly perform the social network-based research analytics on
our Research Online (ROL) platform (http://www.irissz.com/en/rol.
html). Research analytics is a set of processes that apply methods and
theories in scientometrics, business intelligence, and analytics to trans-
form research relevant data into useful information and actionable in-
sights for research management. The ROL platform provides analytical
tools to conduct comprehensive research analysis, evaluation, andman-
agement. The main management [25] functions, key features, and the
types of social networks that are used to support the analyses are sum-
marized in Table 1.

In general, we categorize research collaboration into four major
management functions. The first three functions, individual assessment,
research group identification, and researcher-theme path analysis, can
be used to support departmental level tactical planning. The fourth func-
tion is more useful for the college/university level strategic planning.
Therefore, this framework aims to support decision making involved
in research management at different levels. Evaluation of all these as-
pects usually involves ranking and clustering based on different mea-
sures. The analysis process is described as the following steps (Fig. 1).

First, we collect data from public databases such as ISI's Web of
Knowledge database and Elsevier's Scopus. We extracted information
such as titles, authors and affiliations, abstracts, keywords, citation in-
formation etc. We next perform data cleaning to represent data in our
standard format. This will avoid the data duplication problem due to
different data storage formats used in different databases, which may
lead towrong article retrieval to authors' publications. After we prepare
the data in the right format, we index articles, researchers, topics, and
other research entities such as discipline, department, and university.
In the data analysis step, we mainly perform social network analysis.

The major types of social networks we consider are co-authorship net-
work, topic network, and author–topic network. The first two types be-
long to one-mode and the third type is the two-mode network analysis.
Other types of networks are possible as well.

The last step is to visualize the analysis results and represent infor-
mation in different forms such as summary statistical reports, author/
topic ranking tables and figures, and collaboration graphs and maps at
different granularity levels. For the social network analyses, we report
the most important centrality measures including degree, betweenness,
and closeness about the nodes for both one-mode and two-mode net-
works. These analyses were conducted by the social network analysis
tool Pajek. In particular, we perform the core-periphery analysis on the
networks. The k-core and component identifications are also conducted.
This is done by another popular social network analysis tool UNINET.

4. Research social network analysis

In this section, we present our detailed analyses based on the first
three key management functions illustrated in Table 1. We use the au-
thors' affiliated departmental level research social network data as an
example to demonstrate the local social network approach for research
management.

4.1. Individual assessment

The nature of academic research requires an individual to be both a
productive researcher and an effective collaborator. As such, the assess-
ment focuses on identifying influential individuals by their social posi-
tions in light of their contributions in collaborative research. The
analysis focuses on the collaboration ability of an individual, which is
different from the impact factor analysis and h-indexmeasure that eval-
uate the individual's researchwithout taking into account collaboration.

4.1.1. Individual social position
The collaboration assessment is mainly based on the standard co-

authorship network analysis to investigate the researcher's social position
and influence in the intra-department network. The network consists of n
nodes, where each researcher is represented by a unique node. If two re-
searchers are co-authors of the same paper, there is a tie between them.
We apply the traditional centrality analysis to the collaboration network
to identify the influential individual researchers.

There are several centrality measures. The first and the simplest is
the degree of a node. It is defined as the number of links between the
focal node and other nodes in the network, denoted by di, i=1, …, n.
In our context, it directly measures how many other researchers with
whom one collaborates. We can also define the normalized degree for
researcher i, which is the degree of researcher i divided by the num-

ber of potential collaboration links in the network: d
0
i ¼ di

n−1.
In the social graph, a geodesic is the shortest path between two ver-

tices. The distance from researcher i to researcher j is measured by the

Table 2
Authors' connectivity ranking in the department.

Rank RID
(i)

Degree
(di)

Ndegree
(di')

RID
(i)

Betweenness
(bi)

RID
(i)

Closeness
(ci)

1 6 10 0.185 6 0.1978 6 0.2636
2 24 8 0.148 9 0.1370 9 0.2361
3 5 8 0.13 3 0.1314 3 0.2292
4 9 7 0.1 5 0.1188 52 0.2054
5 38 7 0.074 24 0.0444 46 0.2028
6 14 4 0.074 38 0.0283 5 0.1906
7 54 4 0.074 2 0.0196 24 0.1883
8 3 4 0.074 14 0.0035 38 0.1883
9 40 4 0.074 48 0.0000 25 0.1818
10 39 4 0.074 47 0.0000 50 0.1818

The boldface type is used to highlight RIDs that are among top 10 based on all three
measures (degree, betweenness, and closeness).

Table 3
Individual position in department network.

Rank 1 2 3 4 5 6 7 8 9 10

RID 6 9 5 3 24 38 2 52 46 41
CIF 0.212 0.163 0.152 0.137 0.129 0.116 0.081 0.076 0.75 0.075

Table 4
Collaboration supportiveness of researchers in the department.

Rank RID
i

In-supportiveness
SI(i)

Out-supportiveness
SO(i)

Collaboration
supportiveness
ui

1 24 1.5042 8.1679 6.6637
2 6 1.306 7.4405 6.1345
3 38 2.8122 7.4405 4.6283
4 5 2.1452 5.4831 3.3379
5 9 2.0871 4.7561 2.669
6 14 0.6446 2.347 1.7024
7 3 0.515 1.9285 1.4135
8 18 0.2062 1.4 1.1938
9 12 1.7397 2.5112 0.7715
10 2 0.4328 1.0717 0.6389
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length of the geodesic from node i to j, denoted by gij. Closeness of re-
searcher i is the number of other researchers divided by the sum of all
distances between researcher i and all other researchers, expressed as
ci ¼ n−1

∑j≠igij
. Betweenness of researcher i is defined as the proportion of

all geodesics between pairs of nodes that include researcher i, denoted
by bi. It measures the extent that a researcher connects with other
researchers.

Based on these measures, we are also able to identify the top 10 re-
searchers in terms of three connectivity measures: degree/normalized
degree, betweenness, and closeness. The top ten researchers based on
eachmeasure is shown in Table 2. The researcher IDs (RIDs) in boldface
are the researchers ranked among top 10 for all the three centrality
measures.

The researchers are ranked differently based on different connectivity
measures. Under each measure, we sort the researchers in decreasing
order. In terms of the degree or normalized degree, researcher 6 has the
highest number of collaboration (10) within the department. Researcher
3 is ranked at 8th in terms of the number of collaboration. However, his/
her betweennessmeasure (ranked at 3rd) is very high. In fact, researcher
3 has collaborated with both researcher 6 and researcher 5, who are the
local centers of different research groups. This implies that researcher
3's collaboration area is broader than his/her peers. His/her closeness
measure is also high (ranked in the third place). This shows that he/she
has closer collaboration with colleagues thanmost researchers in the de-
partment. He/she also shows potential to collaborate with other re-
searchers in different groups. This is in contrast with researcher 24 who

Fig. 2. Co-authorship network in the department.

Fig. 3. Keywords network map in the department.
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collaborated with others closely in local area (with degree of 8 and is
ranked at 2nd), but has a weaker relationship with colleagues (closeness
measure is ranked at 7th).

In order to obtain an integrated measure to assess an individual in
the collaboration network, we can assign weights to each of the above
three measures and take the weighted average to rank the overall im-
portance of researchers in intra-department collaboration. The overall
rank is shown in Table 3 using weights 0.4, 0.3, and 0.3 for degree, be-
tweenness, and closeness, respectively. The weights can be set by the
administrator in the system. The integratedmeasure is called Collabora-
tion Influence Factor (CIF).

We see that researcher 6 is the most outstanding researcher as he/
she dominates others in the integrated measure. Researcher 9's overall
ranking is 2nd since he/she has collaborated a lot and bridge different
groups often. The integrated measure CIF shows the social position of
the researchers in the department collaboration.

4.1.2. Individual collaboration supportiveness
In the standard co-authorship network analysis, we focus on who is

connected with whom. That is, as long as two researchers have collabo-
ration, there is a link between them, regardless of their collaboration
frequency. In addition, the co-authorship network is an undirected

network. The undirected edges cannot show the asymmetric roles
each author contributes to the other in the collaboration and, therefore,
are unable to answer the questions such as how important the collabo-
ration between two researchers is to each researcher and to the group.
To address this challenge, we quantify the importance of collaboration
by adopting a contribution-based measure following Han et al. [14].
This enables us to use a directed graph to distinguish the supportive au-
thors from others based on their roles in collaboration. Furthermore, we
propose a refined measure, “collaboration supportiveness” index, to
better identify an individual's contribution in supporting the depart-
mental collaboration.

First,we recognize that not all collaborations shouldbe counted equal-
ly.We should distinguish each co-author's role in each collaboratedwork.
Let j=1, …, N index the N collaborated papers in the local collaboration
network. Assume there aremj co-authors in paper j. If the paper gives spe-
cific notes such as “all authors contributed equally to this study”, or the
authors are listed alphabetically by last names, we assign equal weight
wij ¼ 1

mj
to co-author i. If the authors are not listed alphabetically by last

names, we assume there is an implicit order where the first author con-
tributed themost and the last author contributed the least in the collabo-
ration.We assign a scoremj+1−k to the co-authorwhose name is at the
kth place in the co-authored paper. For example, in a paper with four
co-authors, the first author gets a score of 4, and the second author gets
3, the third author gets 2, and the last author gets 1. Then we divide this
score by the sum of scores of all co-authors to get the weighted score
for each co-author. That is, the final weighted score for the researcher i
who is at the kth place in the jth paper that has mj co-authors is:

wij ¼ mjþ1−k

∑mj
i¼1 i

. If researcher i is not involved in a collaborated paper j, we

assign wij=0. Therefore, the aggregated weight for collaborated work
by researcher i is vi=∑j=1

N wij. For single-authored paper, the weight is
automatically assigned by 1. So theweighted sum for single-authored pa-
pers is just the number of single-authored publications, denoted by qi.
Therefore, the total weighted number of publications for researcher i is
pi=vi+qi.

Next, we focus on the nodes and links construction in the collabora-
tion network. Each researcher is denoted as a node. There is a directed
arc from node i to node k. Let Nik={j|both researchers i and k are in

Table 5
Keywords connectivity ranking in the IS department.

Rank By degree By betweenness By closeness

1 Knowledge
management

Trust Trust

2 Information systems E-commerce E-commerce
3 Social influence Virtual community Virtual community
4 Satisfaction Data mining Knowledge sharing
5 Trust Information systems Self-consciousness
6 Classification Knowledge sharing Psychological safety
7 IS continuance Social influence Structural equation modeling
8 Knowledge sharing Collaboration Repurchasing intention
9 Web-intention IS continuance Data mining
10 E-commerce Satisfaction Social influence

Fig. 4. Collaboration topic groups in the department.

432 X. Liu et al. / Decision Support Systems 56 (2013) 427–438

image of Fig.�4


paper j} be the index set of collaborated papers between researcher i and
researcher k in the collaboration network. The collaborationweights be-
tween the two researchers are calculated as vik=∑j=1

Nik wij and vki=
∑j=1

Nik wkj, respectively. We further define several concepts as follows.

Definition 1 (Support). The support from researcher i to researcher
k is defined as sik ¼ vik

pk
.

Support is the ratio of the number of co-authored papers between
the two researchers divided by the number of papers that researcher
k has published. Therefore, there is a bi-directional link between any
two nodes, with their respective asymmetric weights showing the sup-
portiveness to each other.

Definition 2 (In/Out Support). The In-Support for researcher i, SI(i)=
∑k≠iski, is the support that researcher i receives from others; the Out-
Support for researcher i, SO(i)=∑k≠ isik, is the support that researcher i
provides to others.

The final collaboration supportiveness index can be calculated as
follows.

Definition 3 (Collaboration supportiveness). Collaboration sup-
portiveness of researcher i is the net support of this researcher in
the collaboration network: csi=SO(i)−SI(i); the normalized collabo-
ration supportiveness is the ratio of net support to the total number of
collaborated papers: ui ¼ csi

vi
.

Collaboration supportiveness measures the ability of a resear-
cher contributing to the departmental collaboration. Table 4 ranks

researchers based on our proposed collaboration supportiveness
measure.

Different from the insight obtained in the previous subsection, re-
searcher 24,who is ranked as 5th is now ranked thefirst by collaboration
supportiveness measure. His/her in-support is lower than his/her out-
support, meaning that this researcher provides more support to others
than what he/she receives from others. Clearly, the high overall collabo-
ration supportiveness score indicates the researcher's critical position in
supporting other researchers' collaborative work in the department.

It is worth noting that the two rankings complement, rather than
contradict, with each other. The rankings in Table 3 focus on the broad-
ness of collaboration (howmany different collaborators an individual re-
searcher has), while the rankings in Table 4 emphasize on the depth of
collaboration (to what proportion one's work is supported by others or
one supports others in the collaboration). Combing these two network
analyses, we are able to recognize a variety of faculty research abilities,
especially their specific roles to support other faculty's research in the
intra-department collaboration.

Directed networks have been constructed in the study of citations
among scientific papers and journals. For example, the directed links
can be defined as the average number of citations a paper received. It
represents a type of voting by in-links that serves as a proxy for the col-
lective attention that the scientific community pays to a paper. More-
over, citations from journals that are of high impact should be viewed
as more important. Following a similar notion of Google's PageRank
for web pages, a PageRank importance measure has been used in cita-
tion network to rank authors [9]. We have not found other applications
that analyze collaboration using directed networks.

4.2. Collaboration group identification

Collaboration groups can be defined as a group of authors, a group of
topics, even a group of authors associated with topics. In the following
subsections, we illustrate each of these applications based on author-
centered, topic-centered, and author–topic network analyses.

4.2.1. Cohesive group of researchers
By analyzing co-authorship network, it is straightforward to identify

the cohesive group of researchers. Fig. 2 shows the structure of the net-
work and the identified groups. The numbers beside the nodes are re-
searcher identification numbers. The numbers on the edges are the
number of collaborated papers between two researchers. Three major
collaboration groups are easily identified and are indicated by circles in
the figure. We see that researchers 5, 6, 9, 24, and 38 are located in their

Table 6
Author centrality in the author–topic network.

Rank RID Degree RID Betweenness RID Closeness

1 16 39 4 0.3537 4 0.2509
2 4 35 45 0.1993 49 0.2331
3 7 33 49 0.1989 20 0.2231
4 49 30 16 0.1750 45 0.2089
5 6 29 7 0.1538 38 0.2062
6 30 26 6 0.1169 15 0.2033
7 40 20 20 0.1099 31 0.2019
8 38 20 38 0.1029 18 0.2013
9 46 19 46 0.0792 11 0.2002
10 47 16 11 0.0771 10 0.1999

The boldface type is used to highlight RIDs that are among top 10 based on all three
measures (degree, betweenness, and closeness).

Table 7
Topic centrality in the author–topic network.

Rank By degree By betweenness By closeness

1 Knowledge management Information systems Knowledge management
2 Trust Knowledge management Knowledge sharing
3 Knowledge sharing Knowledge sharing Information systems
4 Semantic web rule language E-commerce China
5 Owl (ontology web language) Human–computer interaction Data mining
6 Crisis contagion management Game theory E-commerce
7 Ontology Online community Game theory
8 Concept mapping China Negotiation
9 Problem solving Trust Quality of service
10 Entropy Virtual community Constraint satisfaction
11 Information theory Business intelligence Distributed decision making
12 Negotiation Classification Coordination
13 Game theory Web design Supply chain management
14 Virtual community Data mining Software agent
15 Text mining Negotiation Managerial control
16 Domain ontology Social network analysis E-government
17 Decision support system Text mining Developing country
18 China Managerial control Agency theory
19 Online community E-government Business intelligence
20 Human–computer interaction Developing country Team-external coordination
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respective local centers within the department collaboration network.
Moreover, researchers 24, 38, 39, 40, and 54 form the most cohesive
group in which everyone has collaboration with everyone else in the
group.

4.2.2. Research themes identification
Main research themes are identified through the topic network. In

the topic network, keywords are represented as nodes. If two keywords
appear in the same article, there is a tie between the two keywords. The
strength of a tie is determined by the frequency of co-occurrence of the
two keywords in the same article. Fig. 3 is the visualized keyword net-
work map.

The range of degree is from 2 to 21 and the average degree of the
topic network is 5.2. The higher degree of a topic indicates a wider con-
nection with other topics. The average degree shows the concentration
of topics in the collaboration network. The top 10 keywords by degree,
betweenness, and closeness are listed in Table 5.

We have several observations. First, based on themeasure of degree,
knowledge management, information systems, and social influence are
the top three most collaborated keywords. This shows that these key-
words frequently occur in the department research. Second, based on
themeasure of betweenness and closeness, trust, e-commerce, and vir-
tual community are the top three keywords to connect different areas.
Their average distances to all other keywords are among the shortest.
This implies that these keywords play themost significant role in bridg-
ing different types of the department research.

We further investigate the research themes in collaborated topics by
strong components extracted from the topic network. Fig. 4 presents
further insights about the core topic groups in the department. We see
that the departmental collaboration is mainly clustered in three topic
groups. The topic group on the top is related to information system de-
velopment and virtual team. The topic group at the bottom is related to
decision support systems. The topic group on the left is about technolo-
gy adoption.

Fig. 5. Cohesive group in the author–topic network.

Fig. 6. Core analysis in the author–topic network.
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4.2.3. Research groups and topics joint analysis
In addition to analyzing researcher groups and topic groups separate-

ly,we canperform joint analysis of researchers and their associated topics
in the author–topic network. This network is constructed by connecting
researchers and standard keywords if he/she has published an article
indexed by some keywords.

In general, the two-modenetwork can be transformed into two one-
mode networks. One is the transformed author network. If two authors
share the same keywords, there is a tie between them, and the strength
of the tie is the number of keywords shared by the two authors. The
other is the transformed topic network. If two keywords are shared by
two authors, there is a tie between them, and the strength of the tie is
the number of authors who share the keywords. We illustrate the rela-
tionship between collaboration topics and researchers using the depart-
mental collaboration data. There are 318 topics and 55 researchers in
this local network. The top 10 researchers and top 20 topics in centrality
measure are reported in Tables 6 and 7.

We see that several researchers connect with over 30 keywords. The
highest betweenness measure is 0.35 and the highest closeness mea-
sure is 0.25. The correlation between the degree measure and their be-
tweenness/closeness measures are not very high. This implies that the
highly collaborative researchers conduct research in a variety of topics,
and through them more topics and researchers are reachable.

Overall, researchers 4 and49 play themost important roles in the de-
partment collaboration network. Although researchers 16, 7, and 6 have
as diverse topics as researchers 4 and 49, the betweenness and closeness
measurements show they are more constrained to collaborate within a
small group. Since these researchers are capable of doing research across
a wide range of topics, the department may create opportunities to en-
courage them to expand their collaboration with other faculty and
boost the overall productivity in the department.

For the keywords, higher degree implies more researchers share the
keywords. For example, knowledgemanagement and information shar-
ing are very popular collaboration topics among the researchers. The
rankings by betweenness and closeness show the connectivity of these
keywords with the authors and other keywords. Based on the above

analysis, knowledge management and information systems have dem-
onstrated the highest capability of connecting the researchers with dif-
ferent research interests and creating new study areas.

In order to gain more insights, we further conduct core-periphery
analysis on the two-mode network. The core is defined as a cluster of
frequently co-occurring researchers and topics. The core consists of a
partition of researchers who are closely connected with each of the
topics in a topic partition, and simultaneously a partition of topics that
are closely connectedwith the researchers in the core partition. The pe-
riphery consists of a partition of researchers who do not share the same
topics, and a partition of topics that are disjoint because they have no
researchers in common.

We apply the strong component analysis to the two-mode network
and get the most cohesive group of 10 researchers and 20 topics as
shown in Fig. 5. The graph reveals how leading researchers are con-
nected with popular research topics. We see that researchers 14 and
21 have are the highly connected nodes. This shows that their expertise
covers a wide range of research areas.

Next, we apply the core analysis to the author–topic network to
identify the subgraphs with the highest connections. Two subgraphs
are identified with the authors and topics, as shown in Fig. 6. The
cluster on the left is about information processing for knowledge
management. The cluster on the right is about web ontology and lan-
guage. This shows that the expertise of researchers is highly clustered
on these topic areas.

4.3. Researcher-theme path identification

The researcher-theme path identification is another important func-
tion in our local social network-based research management frame-
work. Generally, the path between two given vertices in a graph is
defined as a sequence of vertices that connect these two endpoints.
For any network we constructed in the research management context,
we can provide all the paths between any two given nodes and the
short paths have the priority. Here we use the author–topic network
as an example to demonstrate the managerial insights conveyed by
the different paths.

Table 8 demonstrates several types of researcher-theme paths
that can be obtained from the author–topic two-mode social network
analysis.

For example, it shows that researcher 14 and researcher 32 have col-
laborated on topics related to online community. It suggests that, al-
though researchers 2 and 1 do not have overlapped research topics,
theymaywork togetherwith researcher 14 on topics such as trust issues
in online community. Similarly, researchers 10 and 21 can work on on-
line trust and customer satisfaction in the e-commerce environment,

Table 8
Illustration of researcher-theme paths.

Starting point Ending point Researcher-theme paths

RID14 RID32 Online community
RID2 RID1 Online community–RID14-trust
RID10 RID21 Trust–satisfactiton–RID14
Trust Virtual community RID13

RID28
RID48

Department Collaboration within College of Business Department Collaboration within the University

Fig. 7. Cross boundary collaborations of the department. Department collaboration within college of business. Department collaboration within the university.
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with the help from researcher 14 who has the relevant expertise in both
areas.

Fromanother perspective, if there is a good funding opportunity relat-
ed to trust building in virtual community, then the system recommends
researchers 13, 28, or 48 might be good candidates. Research manage-
ment officemay inform these researchers about this funding opportunity.

5. Strategic planning

After detailed analyses of individual researchers and topics in the
intra-department collaboration, a high level viewbeyond the department
boundary and across the university is also important for the strategic
planning of the university researchmanagement office. This is the fourth
management function in Table 1. As an illustration, collaborations be-
tween the focal department and other departments within and outside
the college are visualized in Fig. 7.

The graph on the left shows that the Departments of Information Sys-
tems,Management, andMarketing forma triad,whichdenotes a cohesive
collaboration group. The graphon the right reveals that the ISDepartment
has collaborationwith Computer Science, Mathematics departments, and
Office of Education Development. From research management perspec-
tive, the university research office canmake favorable policies to promote
collaboration among IS, Marketing and Management within College of
Business, between IS and Computer Science, as well as continued support
in education.

To gain better insights about IS research in a broader context, wemay
expand the scope of analysis to consider collaborationwith other univer-
sities andwith other researchers in different geographical locations. Fur-
ther analysis shows that the IS Department has the most collaboration
with University of Science and Technology of China (USTC). The collabo-
ration with University of Arizona is ranked the second. Geographically,
the IS Department has the most collaboration with mainland China,
followed by USA and Hong Kong. These facts can be used by research
management to evaluate past research performance and identify future
collaboration opportunities. For example, the large number of collabora-
tions with USTC that involve research students demonstrated that the
joined Ph.D. education program launched eight years ago is highly suc-
cessful. The strong collaboration relationship with University of Arizona
indicates newopportunities to address the increasing demand for higher
education. Therefore, the IS Department is encouraged to establish a col-
laborated Ph.D. program with them.

We further identify disciplines that are closely related to the IS
discipline. After performing discipline network analysis, Business, Man-
agement, and Information Science are identified as the most relevant
disciplines. This sufficiently demonstrates that IS is an interdisciplinary
discipline between business and technology.

Finally, we demonstrate the university collaboration relationship in
Fig. 8. The size of the circle is in proportion to the quantity of publica-
tions of thenodes. The values on the edges denote thequantity of collab-
orated papers between departments. A total of 35 units are identified
among 20 colleges and centers within the university.

The average degree of this network is 2.5. This means that on aver-
age there are two papers collaborated between all the departments in
the university. The green nodes in the figure denote School of Science
and Engineering. The yellow ones denote School of Business and the
red ones School of Liberal Arts and Social Science.We can see that School
of Science and Engineering has plenty of collaboration both within and
outside the school with other departments. It appears that this school
has collaborated with almost all the other schools and centers.

Further drill downof the information shows thatDepartment of Elec-
tronic Engineering (EE) plays an important role in the intra-university
collaboration. This confirms the important position of EE in the universi-
ty. The university gives priority to EE since it has eight IEEE Fellows and
got the highest cumulative funding from Government's Competitive Re-
search Grants in Electrical and Electronics Ares among all six universities
in Hong Kong over years.

Similarly, we can perform two-mode network analyses for the
department-topic network, discipline-topic network, and university-
topic network. The longitude social network analysis can be used to
trace the trend of collaboration patterns.

6. Conclusion

This study takes a local social network approach to transform tradi-
tional research management in several aspects. First, we aim to inform
managers about individual researchers and their collaboration relation-
ships. We propose a new measure “collaboration supportiveness” to
take into account an individual's contribution to support others' research.
In comparisonwith the traditionalmethods that focus onquantity of pub-
lications, journal impacts, citation counts to assess research performance,
themulti-dimensional andmulti-level analyses provide a comprehensive
understanding of an institution's research contribution both for individu-
al researchers and in the relevant context of collaboration.

Intra-University Collaboration by Departments Intra-University Collaboration by Schools

Fig. 8. Overview of intra-university collaboration. Intra-university collaboration by departments. Intra-university collaboration by schools.

436 X. Liu et al. / Decision Support Systems 56 (2013) 427–438



Second, different from the bibliometric analysis in the IS literature, our
analysis takes a more relevant local network perspective. Taking re-
searchers, research topics, affiliated departments and research centers,
and research disciplines as different entities, we combine several social
network analysis techniques including core-periphery analysis and two-
mode network analysis methods to reveal the collaboration patterns.
We constructed several local social networks that provide additional in-
sights particularly useful to support organizational level decision making
such as internal resource allocation, recognizing top contributors, priori-
tizing research activities, and growing research capacity. Our objective
is to build a more transparent research environment and gain more visi-
bility in terms of the roles both individual researchers and institutional
units (research centers and departments) play in various research activi-
ties. Patterns obtained fromour local social network analyses also provide
objective evidences for academic researcher ranking, as well as expert
recommendation.

Several extensions are possible for future research. As mentioned,
current analysis is based on published research data collected from sev-
eral databases. Other research relevant data such asworking papers that
are not captured by these public sources are not incorporated into the
analysis, although such information is helpful to identify an individual's
supportiveness and collaborating ability in his/her local networks. Cur-
rently, our university research portal is expanding its ability to share
working papers and other technical reports to promote timely dissemi-
nation of research outputs and knowledge production. However, much
information is presented in non-standard format. We need more ad-
vanced text mining tools to extract useful information to enhance the
current data analysis capability.

In this study, we have purposely omitted citation network analysis as
its effect is inherently global. Our focus is on local collaboration relations.
However, the analysis methods are universal and the system has the ca-
pability to provide both local and global views. In addition to the statisti-
cal reports, summary data can be visualized in various formats such as the
tabular view, the graph view, and the map view. In the future, we will
continue to enrich the current framework by addingmore functionalities
and analysis methods. For example, we may incorporate the forecasting
functions to predict the likelihood of a research center being funded by
major funding agencies in certain topic area and the corresponding
funding scale.Wemay also use predictivemodels to foresee the future re-
search outcome and impacts based on local research capabilities.

Overall, we provide a new, local network-based approach to scientif-
ic research management, which is very useful for institutional decision
support and recommendation.We have demonstrated that the new ap-
proach brings many additional benefits unavailable from traditional re-
search management methods. The new approach has the potential to
improve research management efficiency, enable resource sharing and
enhance research collaboration.
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