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Abstract: In this study, we develop a theoretical model based on social network theory to
understand how the collaboration (co-authorship) network of scholars correlates to the research
performance of scholars. For this analysis, we use social network analysis (SNA) measures (i.e.,
normalized closeness centrality, normalized betweenness centrality, efficiency, and two types of
degree centrality). The analysis of data shows that the research performance of scholars is
positively correlated with two SNA measures (i.e., weighted degree centrality and efficiency). In
particular, scholars with strong ties (i.e., repeated co-authorships, i.e., high weighted degree
centrality) show a better research performance than those with low ties (e.g., single co-
authorships with many different scholars). The results related to efficiency show that scholars,
who maintain a strong co-authorship relationship to only one co-author of a group of linked co-
authors (i.e., co-authors that have joined publications), perform better than those researchers with
many relationships to the same group of linked co-authors.
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1. Introduction
1.1. Performance

Performance appraisal is an inevitable function of management at any level. It fosters the
development progress. Consequently, within a research environment, there should also be a
performance evaluation for academics at universities and research institutes. This evaluation of
researchers, which should be based on their output and productivity, is not only needed for
faculty recruitment, but also for governmental funding allocation and for achieving a high
reputation within the research community. The reputation of research organizations indirectly
affects the society’s welfare, since a high reputation attracts foreign purchases, foreign
investments, and highly qualified students from around the world. Thus, there is a need for
measuring the output of universities and the output of their researchers. With respect to
governmental funding, i.e., the allocation of funding for a specific project to a scientific research
group, it is important to choose the most appropriate scholars with the aim of maximizing the
research output, cost savings, and resource utilization. However, in all these cases, the same
problem exists, namely answering the question of how can the most suitable scientists, who can
achieve the goals, be identified [1].

To assess the performance of scholars, many studies suggest quantifying scholars’
publication activities as a good measure for the performance of scholars. The general idea is that
a researcher gets a high visibility in the research community, if the researcher publishes and her
publications get cited. The number of citations qualifies the quantity of publications [2]. Hirsch
introduced the h-Index as a simple measure that combines in a simple way the quantity of
publications and the quality of publications (i.e., number of citations) [3]. The h-Index is defined
as follows: “A scientist has an h-Index of 4, if 4 of her Np papers have at least / citations each,
and the other (Np — h) papers have at most / citations each” [3]. In other words, a scholar with
an index of 4 has published /4 papers, which have been cited by others at least 4 times. The h-
Index is also being used by many academic databases (e.g., Web of Science' and Scopus®) to
measure the performance of scholars. Furthermore, the h-Index became also the basis for a wide
range of new measures [4, 5, 6, 7, 8, 9]. There are some studies that suggest measures for
evaluating the output of research communities by extending the previously mentioned indices to
groups [4, 7,10, 11, 12].

1.2. Collaboration

In recent years, there has been a sharp increase in the number of collaborations between scholars.
An explanation for the rapid growth of international scientific collaboration has been provided
by Luukkonen et al. as well as Wanger and Leydesdorft [13, 14, 15]. By jointly publishing a
paper, researchers show their knowledge sharing activities, which are essential for knowledge
creation. “The rising awareness of collaborativeness in science has led to a sharpened focus on
the collaboration issue” [16]. Scientific collaboration has even been called a “springboard for
economic prosperity and sustainable development” [17]. As most scientific output is a result of
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group work and most research projects are too large for an individual researcher to perform, it
often needs scientific cooperation between individuals across national borders [18].

Due to the necessity to keep pace with scientific progress not only at the level of individual
researchers but also at the level of countries, most governments are interested in enhancing the
level of international collaborations through policies [19, 20]. The appropriate design of research
policies remains a major issue though [21].

An important result of scientific collaborations is the creation of new scientific knowledge,
including new research questions, new research proposals, new theories, and new publications
[22]. With respect to the number of new publications, empirical studies have been conducted by
Lee and Bozeman as well as Duque et al. [23, 24]. Although Duque et al. have found that
collaboration was not associated with an increase in scientific publications in the developing
countries of Ghana, Kenya, and India (Kerala) [24], Lee and Bozeman show that the total
number of publications for US scientists is positively associated with the total number of
collaborations [23].

1.3. Social networks

Since scientific collaborations are defined as “interactions taking place within a social context
among two or more scientists that facilitates the sharing of meaning and completion of tasks with
respect to a mutually shared, super-ordinated goal” [25], those collaborations frequently emerge
from, and are perpetuated through, social networks. Since social networks may span disciplinary,
organizational, and national boundaries, social networks can influence collaboration in multiple
ways [25].

Social networks operate on many levels, from families up to the level of nations. They play a
critical role in determining the way problems are solved, organizations are run, markets evolve,
and the degree to which individuals succeed in achieving their goals [26, 27]. Social networks
have been analyzed to identify areas of strengths and weaknesses within and among research
organizations, businesses, and nations as well as to direct scientific development and funding
policies [25, 28].

In general, the benefit of analyzing social networks is that it can help people to understand
how to share professional knowledge in a efficient way and to evaluate the performance of
individuals, groups, or the entire social network [27]. For instance, with respect to performance
evaluation, the social network of a researcher within a research community can be considered an
indication of his collaboration activity [29].

Social networks are represented as a graph, which is constructed of nodes (actors or vertices)
and links (ties, relations, or edges). Nodes, which denote individuals, organizations, or
information, are linked, if one or more specific types of relationships (e.g., financial exchange,
friendship, trade, and Web links) exist between them. For example, a node could represent a
person, while a link between two nodes could represent that these two persons know each other
in some way.



1.4. Methodology

Currently, it is not clear which collaboration data is useful for evaluating the academic
community. Although there is a large set of potential collaboration data, which qualifies for
being used as a measure (e.g., joined conference organization, joined research proposal
submissions, joined publications, joined conference attendance, and teacher-student
relationships), we only considered joined publications as a measure in our study.

Based on the co-authorships of publications of scholars, we construct the research
collaboration network of scholars. Nodes of the research collaboration network represent
scholars. A link between two nodes represents a publication co-authorship relationship between
those scholars.

By calculating social network analysis (SNA) measures and one researcher productivity
index (h-Index), we aim to find whether the position of a researcher within the collaboration (co-
authorship) network correlates with the research performance of this researcher. In particular, we
investigate the following three research questions:

e  Which social network analysis measures can be used to evaluate the co-authorship-based
research collaboration network of researchers?

e Does a correlation between the social network analysis measures and the h-Index exist?
e How can researchers and research communities improve their productivity?

For our analysis, we use publication information that is available on the Internet. However, to
restrict the data collection effort, we only selected publication data of scholars of five
information systems schools (iSchools). For the data collection, we used a Web-based tool [27].

After preparing the social network matrix, we used UCINET [43] as a tool for visualizing the
network and for calculating network measurements including degree centrality, betweenness
centrality, closeness centrality, and efficiency of each node. For correlating these measures and
the research performance measure (i.e., h-Index), we use UCINET. The correlation uses the
Spearman correlation test.

Our paper shows the results for five co-authorship networks, representing the collaborations
of researchers of each of the five iSchools.

1.5. Paper organization

In the following chapter, based on a literature review about the connection between social
network analysis measures and performance of actors, we introduce our research questions and
our model for correlating SNA measures and research performance. Chapter 3 describes the data
resources and the method of data gathering and validation. Chapter 4 shows the collaboration
network of one of the ischools as an example. Besides, it presents the results of the social
network analysis measures and the performance measure. Finally, we discuss the results, the
research limitations, and our future work.



2. Model for correlating SNA measures and research performance
2.1. Co-authorship network

The co-authorship network, i.e., the research collaboration network, is represented through a
graph as shown in the example of Figure 1.

Figure 1. An example of co-authorship network of an academic community

The nodes (actors, participants, vertices) i of the graph represent researchers. The node
weights w; denote the total number of publications by a researcher. Links (ties, relations, edges)
a;; between node i and node j indicate collaboration relationships between nodes and represent
the co-authorships of researchers on publications. Publications, of which the author is the sole
author, are presented through loops (i.e., a link from a node to itself) in the graph. The weight of
links w;; denotes the number of publications that two researchers co-authored.

2.2. Centrality measures

A method used to understand the value, importance, and influence of actors in the networks is to
evaluate the centrality of actors in the network.

Freeman reviewed and unified various measures of centrality [30]. In particular, Freeman
defined centrality in terms of node degree centrality, betweenness centrality, and closeness, each
having important implications on outcomes and processes [31]. For example, Freeman found that
centrality is an important structural factor that influences leadership, satisfaction, and efficiency.
Based on his study, it has been shown that betweenness centrality and degree centrality influence
the performance of the actor.

Degree centrality is an indicator of an actor’s communication activity [32]. The normalized
degree centrality is defined as the number of links of an actor divided by the maximal possible
number. The normalized degree centrality d; of node i is given as:

Z a;;
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where a;; indicates the existence or none-existence of a link between node i and node j. n
represents the number of nodes. If there is any link between node i and node j, a; = 1. If there is
no link, a;;= 0.

Closeness centrality indicates the extent to which an actor is close to all others in the network
[32]. It is defined as the inverse of the total graph-theoretic distance of a given node from all
other nodes [33]. More precisely, the normalized closeness centrality ¢; of node i is defined as:

(n—1)
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where 7 is the number of nodes and e; is the number of links in the shortest path from node i to
node j. Closeness is an inverse measure of centrality in that a large value indicates a less central
node, while a small value indicates a central node. It is a measure for the cost of communicating
with other nodes in the network.

Betweenness is an indicator of an actor’s potential control of communication within the
network. Betweenness centrality is defined as the ratio of the number of shortest paths (between
all pairs of nodes) that pass through a given node divided by the total number of shortest paths.
The normalized betweenness centrality b; of node i is given as:

b = Z gjik/(n_l)(n_2) ,
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where n is the number of nodes, gj is the number of shortest paths from node j to node %, and gjix
is the number of shortest paths from node j to node £ that pass through node i.

In line with these definitions, it is expected that authors, which have a high degree centrality,
a high betweenness centrality, and a low closeness value, are have a high potential of a good
research performance as they are in the center of network. Since we measure research
performance using the h-Index [3], as explained earlier, we can formulate these expectations as
the following three hypotheses:

(H1a): Normalized degree centrality of a researcher positively correlates to her h-Index.
(H1b): Normalized closeness centrality of a researcher positively correlates to her h-Index.

(H1c): Normalized betweenness centrality of a researcher positively correlates to her h-

Index.

2.3. Degree centrality for weighted graphs

Another way to analyze actors of a network has been introduced by Granovetter [34]. He
established the theory of the ‘Strength of Ties’. Besides, he argued that individuals obtain new
and novel information from weak ties rather than from strong ties within the individual’s group
structure. It is because new information originates via weak ties, which serve as a bridge to
different clusters of people [32]. Granovetter defined strength of a tie as “a combination of the
amount of time, the emotional intensity, the intimacy (mutual confiding), and the reciprocal
services which characterize the tie” [37]. Krackhardt showed that strong ties are also important,



especially in the generation of trust [35]. In addition to this, Levin and Cross [36] found that
strong ties, more so than weak ties, lead to the receipt of useful knowledge for improving
performance in knowledge-intensive work areas. However, controlling the dimension of trust,
the structural benefit of weak ties emerged in their research model. It suggests that the weak ties
provide access to non-redundant information. Weak ties facilitate faster project completion times,
if the project is simple. It enables faster search for useful knowledge among other organizational
subunits. Strong ties foster complex knowledge transfer, if knowledge is highly complex [37, 38].
This work has been extended by analyzing the different effects of groups of actors on knowledge
sharing [44].

Because of this theory, it is necessary to investigate whether the strength of a tie impacts the
research performance. Since links of our research collaboration network are weighted (i.e., they
represent the number of co-authorships between two scholars), we define the strength of a tie
(link) between node 7 and node j as the weight of the link w;; between those nodes.

Based on this definition, we can factor in the tie strength into the degree centrality of a node.
Therefore, we calculate the average link weights of an actor’s co-authorships (links). That means,
we divide the sum of a node’s link weights (number of co-authorships) by the total number of
different co-authors. The degree centrality for the weighted graph (weighted degree centrality)
d’;is expressed as follows:

W,
d' = Z_f ,
j di (I’l - 1)
where w;; represents the weights of the links between node i and node ;. d; (n-1) represents degree
centrality.

Thus, based on these arguments, it is expected that scholars with a strong relationship
(frequent co-authorship) achieve a high research performance. This is formulated as the
following hypothesis:

(H2): Weighted degree centrality of a researcher positively correlates to her h-Index.

2.4. Structural holes

Holes in the network refer to the absence of ties (links) that would otherwise connect
unconnected clusters together. Individuals, who bridge these holes attain an advantageous
position that yields information and control benefits” [39]. Structural holes theory is based on
betweenness centrality. The theory states that power and influence accrue to those actors, who
broker connections between unconnected groups of people [32].

With respect to network optimization, Burt claims that “increasing network size (number of
direct contacts) without considering the diversity reached by the contacts makes the network
inefficient in many ways” [40]. Burt suggests taking advantage of structural holes when a
network is planned to be increased. The absence of links between a node and its non-redundant
nodes makes a structural hole.

Therefore, the number of non-redundant contacts (e.g., the four nodes of network B that are
connected to the center node within Figure 2) is important to the extent that non-redundant
contacts lead to people that could provide non-redundant information. In general, the idea is that



“actors are in a better position to benefit from interactions with others, if they are connected to
others, who are not well-connected themselves or are not well-organized” [32]. The reason is that
“the extent of information coming from closely knit clusters tends to become redundant,” which
makes networks inefficient [39].

Therefore, Burt’s efficiency concerns the number of groups of primary contacts (i.e., directly
connected nodes) that are not connected to any other groups of primary contacts [39]. The
network A in Figure 2 is inefficient as the center node (labeled “YOU™) gets from its 12 primary
contacts 75% redundant information. Redundant information is spread by nodes belonging to the
same cluster. Therefore, it can be stated that this node wastes its resources by maintaining its ties
to all actors of the same cluster. Non-redundant collaborators, however, give access to diversity
of information, which usually leads to innovation and high performance.

A | /’\ '§"

\
— YOou

,_--"""‘J.
Network A / : E? Network B

Figure 2. Two networks with structural holes, where Network A is less efficient than
Network B (adapted from Chung [40] and Burt [39])

Since this definition of efficiency of a node appears to be helpful in the context of our
research collaboration network, we follow the definitions of Burt [32, 39]. Here, efficiency is
defined as the ratio of the total number of disjunct groups of primary nodes, where the nodes of
such a group are only connected to nodes of the same group but not to nodes of other groups, and
the primary nodes number (node degree).

__&i
2.4
j
where g; denotes the number of disjunct groups of primary contacts.

With respect to our study, a disjunct group of primary contacts relates to co-authors that have
joined publications (i.e., that are linked). Therefore, testing this property means testing whether a
scholar maintains strong relationships with all co-authors of a group of linked co-authors or
whether the scholar focus on a strong relationship with just one co-author of this group.
Therefore, in order to test this property, we formulated the following hypothesis:

(H3): Efficiency of a researcher positively correlates to her h-Index.

2.5. Model

Based on the results of the previous sections, we propose the following model (Figure 3). In
order to capture a scholars’ collaboration activities, we calculate degree centrality, betweenness



centrality, closeness centrality, tie strengths, and efficiency, based on the co-authorship network,
1.e., the research collaboration network.

Co-Authorship Network Research
Measures Performance
= Degree Centrality Hia BRI
= Closeness Centrality H1b h-Index
= Betweenness Centrality Hic
* Weighted Degree Centralityl}—H2
= Efficiency H3

Social Network Theory

Figure 3. Research model to investigate effect of network measures on performance

3. Data collection

For this study, we collected data on five information schools (iSchools): University of Pittsburgh,
UC Berkeley, University of Maryland, University of Michigan, and Syracuse University. These
schools have been chosen, since they offer similar programs in the area of information
management and systems and, because of the fact, that the topic of these schools is new within
the university landscape.

The data sources used are the school reports, which include the list of publications of
researchers, DBLP (http://www.informatik.uni-trier.de/~ley/db), Google Scholar
(http://scholar.google.com), and ACM portal (http://portal.acm.org). Citation data has been taken
from Google Scholar and ACM Portal, using AcaSoNet [27]. AcaSoNet is a Web-based
application for extracting publication information (i.e., author names, title, publication date,
publisher, and number of citations) from the Web. It also extracts relationships (e.g., co-
authorships) between researchers and stores the data in the format of tables in its local database.

For its citation counting service, Google Scholar considers a variety of publication databases,
which belong to different publishers and list different types of publications. Thus, it produces a
higher publication count per researcher and a higher citation count per publication than other
citation counting services (e.g., Web of Science of Thomson Reuters, and Scopus) [41].
Consequently, the calculation of the h-Index and the g-Index, if based on Google Scholar,
results in higher values than for the other citation counting services. However, Ruane and Tol
show that rankings based on Google Scholar have a high rank correlation with rankings based on
Web of Science or Scopus [42].

For our analysis, we followed Google Scholars approach and did not differentiate between
the different types of publications (i.e., proceedings of local conferences, proceedings of
international conferences, journals, books, and presentations were weighted equally). Our data
covered a period of five years (2001 to 2005), except for the University of Maryland iSchool,



which had no data for the year 2002 in their report. To resolve this issue, we substituted the
missing data with data of the year 2006.

Despite AcaSoNet, much data cleansing has become necessary in order to allow processing
of the extracted publication data. Most of the cleansing was due to the lack of a standard format
used for listing publications (e.g., the order of first name and family name of authors, the order
of title and publication year and the inaccuracy in writing journal and conference names). After
the cleansing of the publication data of the five iSchools, 2139 publications, 1815 authors, and
5310 co-authorships were finally available for our analysis. For the analysis of the collaboration
network of each ischool, we only considered professors and lecturers of each iSchool. In total,
there were 132 professors and lecturers.

4. Analysis and results

Based on the available publication data of researchers, we can build a network matrix for each of
the iSchools. Figure 4 shows the network matrix for the University of Pittsburgh iSchool. These
matrices are the basis for our social network analysis. After importing one of the network
matrices as a table into UCINET, we can start the analysis.

Alma Biagi Brusi Carb Cox Detle He Kaba Kari Krish Lars Lewi Sprin Tho Tippe Tom Weis Zado

5 Alman 8 1 - 1 1 1 1 2 - - - - - 1 - 2 1
Il. Biagini 1 2 - 1 1 1 - - - - - - - 1 - 1 1
Brusilovsk - - 52 - - - - - - - - 1 1

T. Carbo 1

R. Cox 1
Detlefsen 1 1 - 1 1 15 - - - - - - - 1 - 1 1

D. He 1
J. Kabara 2 -
H Karimi - - - - - - - - 16 1
Krishnam - - - - - - - 8 1 28 - -
R Larsen - - - - - - - - - - 9 - - - - - 1

M. Lewis - - 1 - - - - - - - - 42 -
M Spring - - 1 - - - - - - - - - 11 - - -
Thompso 1 1 - 1 1 1 - - - - - - - 12 - 1 1
D Tipper - - - - - - - 8 - ] - - - - 25 - -
C.Tomer 2 1 - 1 1 1 - - - - - - - 1 - 7 1
M. Weiss 1 1 - 2 1 1 - - - - 1 - - 1 - 1 20 -
Zadorozh - - - - - - - - - 2 - - - - - - - 18

[ny)
~a i

Figure 4. Co-authorship relationships of University of Pittsburgh iSchool professors

UCINET allows visualizing the matrices (Figure 5). For small networks, this feature helps
analysts to identify visually certain characteristics (e.g., the location of people within the network,
and the network structure) and, then, initiate the calculation of SNA measures to investigate the
characteristics in detail.
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Figure 5. UCINET visualization of the co-authorship network of the University of
Pittsburgh iSchool professors

Figure 5 demonstrates that the graph of the Pittsburg professors’ co-authorship network is
disconnected (i.e., there are ten sub-networks). The sub-networks are eight isolated nodes, a
network of 3 nodes, and a network of 15 nodes. The eight isolated nodes represent authors that
have no co-authorships with other scholars of the iSchool. With respect of the large sub-network,
there is a core of eight people, which are strongly interconnected. The different widths of the
links in Figure 5 represent different weights of links (i.e, number of co-authorships).

In addition, by looking at the network graph of Figure 5, we detect the strategic positions of
‘S. Alman’ and ‘J. Kabara’ within the network. The link between ‘S. Alman’ and ‘J. Kabara’ is a
bridge. If the link were missing, a structural hole in the network would occur, i.e. the network
would comprise another isolated sub-network. Individuals, who bridge these holes attain an
advantageous position that yields information and control benefits [45]. ‘J. Kabara’ and
‘S. Alman’ have such a position. They bridge four actors, which are reachable by ‘J. Kabara’,
and nine actors being reachable by ‘S. Alman’.

Now, we calculate the SNA analysis measures of our model and the h-Index for all scholars
of all five iSchools. The results for the University of Pittsburgh iSchool are shown in Table 1.



Table 1. Name, normalized degree centrality, normalized closeness centrality, normalized
betweenness centrality, efficiency, weighted degree centrality, and h-Index of University of
Pittsburgh iSchool researchers

N.Degree N. Closeness Be tweNe'nness Weighted
Name Centrality Centrality C . Efficiency Degree h-Index
o o entrality .
(%) (%) (%) Centrality
1 Susan W. Alman 3333 7.01 15.1 0.33 1.08 3
2 Mary K. Biagini 25.93 691 0 0.14 1.00 1
3 Peter Brusilovsky 741 3.85 029 1.00 2.06 17
4 Toni Carbo 2593 691 0 0.14 1.08 2
5 Richard J. Cox 2593 691 0 0.14 1.05 9
6 Ellen Detlefsen 2593 691 0 0.14 1.00 3
7 Marek Druzdzel 0 3.57 0 0.00 1.58 7
8 Daqing He 3.70 6.78 0 1.00 1.86 6
9 Stephen C. Hirtle 0 3.57 0 0.00 1.00 4
10 James B.D. Joshi 0 3.57 0 0.00 2.80 8
11 Joseph Kabara 11.11 6.92 11.40 0.67 2.00 4
12 Hassan Karimi 3.70 6.57 0 1.00 1.53 6
13 Sherry Koshman 0 3.57 0 0.00 3.00 2
Prashant
14 Krishnamurthy 14.32 6.78 7.12 0.75 1.88 8
15 Ronald Larsen 3.70 6.70 0 1.00 1.36 3
16  Michael Lewis 3.70 3.84 0 1.00 331 13
17 Douglas Metzler 0 3.57 0 0.00 1.00 1
18  Stuart Shulman 0 3.57 0 0.00 292 6
1o Kenneth M. 0 357 0 0.00 175 1
Sochats
a0 Michacl B. 03.70 3.84 0 1.00 1.17 3
Spring
21 Arlene G. Taylor 0 3.57 0 0.00 1.00 3
gy RichardA. 2593 691 0 0.14 1.00 2
Thompson
23 David Tipper 0741 6.75 0 0.50 226 6
24  Christinger 2593 691 0 0.14 125 4
Tomer
g5 MartinB.H. 29.63 6.92 370 0.25 1.65 5
Weiss
26 vladimir 0.0370 6.57 0 1.00 271 8
Zadorozhny

Based on the data of Table 1 and the SNA results for the other five iSchools, we test our
hypotheses. For this, we use the Spearman correlation test. In particular, we calculate the

Spearman correlation coefficient between all SNA measures and the performance index (h-
Index), using UCINET. The results are shown in Table 2.



Table 2.

Spearman correlation coefficients for professors of five iSchools

Normalized | Normalized | Normalized Weighted
h-Index Degree Closeness | Betweennes | Efficiency Degree
Centrality Centrality | s Centrality Centrality
h-Index 1
Normalized
Degree 0.093 1
Centrality
Normalized
Closeness 0.064 0.490* 1
Centrality
Normalized
Betweenness 0.117 0.424* 0.352% 1
Centrality
Efficiency 0.193* 0.209* 0.174* 0.112 1
Weighted
Degree 0.373* 0.053 0.137 0.097 0.202* 1
Centrality

* Correlation is significant at the 0.05 level (2-tailed).

As the results in Table 2 show, the Spearman correlation coefficient does not show
significance at the 0.05 level for all three normalized centrality measures (normalized degree
centrality, normalized closeness centrality, and normalized betweenness centrality). Although
literature suggested a correlation between these centrality measures and research performance,
our results do not support it. Therefore, we cannot accept the first three hypotheses (Hla, H1b,
and Hlc).

Table 2 also shows that the weighted degree centrality has a positively significant correlation
(cc =0.373) with the performance measure (h-Index). A positively significant correlation
(cc =0.193) also exists between the efficiency measure and the h-Index. Therefore, we can
accept the hypothesis H2 and the hypothesis H3. Consequently, we can state that having a high
weighted degree centrality and a high efficiency represents a high research output.

Both positively significant correlations expose that researchers, who have strong ties (i.e.,
repeated co-authorships, i.e., high weighted degree centrality) to co-authors, have a better
research performance than those with low ties (e.g., single co-authorships with many different
co-authors). Therefore, the theory of ‘Strength of Strong Ties’ by Krackhardt [35], which has
been explained in chapter 2, has been supported by our analysis. Besides, the positive correlation
between h-Index and efficiency also shows that researchers have to be selective about the ties
that they maintain, following Burt [39]. In particular, a scholar should maintain non-redundant
co-authorship relationships and, therefore, should focus on maintaining strong relationships to
only one co-author of a group of linked co-authors (i.e., co-authors that have also joined
publications).



Concluding, we can state that scholars should keep strong relationships with existing co-
authors and build on former co-authorships. However, in order to increase the efficiency, they
should only keep strong relationships with one of the co-authors of a group of linked co-authors.

5. Conclusion

In order to improve the benefit from research (and research funding), well-performing
researchers have to be identified. As past research has shown, the h-Index can be a surrogate for
evaluating the research performance of scholars [46]. In addition to this, the collaboration skills
of researchers became more and more important over the past years.

However, it is still open whether the collaboration skills and research performance of
researchers are correlated. In order to address this question, we used co-authorship data and
social network analysis measures. The co-authorship data is used to derive the collaboration
network of researchers. As social network analysis measures, the normalized degree centrality,
the normalized closeness centrality, the normalized betweenness centrality, the weighted degree
centrality, and the efficiency were considered.

The results of our analysis show that research performance is positively associated with
weighted degree centrality and with efficiency. Scholars with strong ties (i.e., repeated co-
authorships, i.e., high weighted degree centrality) show a better research performance than those
with low ties (e.g., single co-authorships with many co-authors). With respect to efficiency,
scholars, who maintain strong co-authorship relationships to only one co-author of a group of
linked co-authors (i.e., co-authors that have also joined publications), perform better than
scholars with relationships to many co-authors of'a group of linked co-authors.

Furthermore, access to demographic information of researchers (e.g., age, gender, and
nationality) would be useful as moderating variables in our model. We would be able to
categorize researchers and analyze the outcome for each of the categories. It could help us
finding a generalization of our model. The current lack of access to this kind of information can
be considered a limitation of our research.

In the future, we will extend our work by applying this methodology to groups of researchers
in addition to individuals. For example, it would allow evaluating the research performance of
entire departments within a university.
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