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Abstract

We extract the co-author network over the entire history
of the SEKE conference from 1988 through 2014. In this
network, authors represent nodes and a pair of authors is
connected by an edge if they have co-authored at least one
article over the entire duration. We analyze this network us-
ing socio-centric and ego-centric network methods to study
the extent to which the authors are involved in the SEKE
community, and the patterns of collaboration between them.
Socio-centric analysis reveals that most authors publish a
very small number of articles, and collaborate within tightly
knit circles. In fact, only a tiny fraction of the authors
consistently return to SEKE to disseminate their research.
Ego-centric measures of centrality confirm these findings
by revealing that only a small percentage of the authors
are structurally dominant, and influence the flow of com-
munication among others. Based on these findings, we be-
lieve that strategically SEKE could benefit from cultivating
a wider base of influential authors, promoting broader col-
laborations, and encouraging one-time authors to return.

Keywords

Co-author network, Clustering Coefficient, Centrality

1 Introduction and Motivation

The International Conference on Software Engineering
and Knowledge Engineering (SEKE), now in its 27th year,
is a premier conference that aims at bringing together ex-
perts in either Software Engineering (SE) or Knowledge En-
gineering (KE) or both. Specifically, the conference seeks
to emphasize the transference of methods between both do-
mains [11]. Since its inception in 1988, SEKE has consis-
tently expanded; both in terms of the number of papers and
number of authors by welcoming contributions from tradi-
tional SE and KE topics as well as emerging areas.

Participation of researchers and authors is vital to the
long-term survival of any conference. A conference is
sustained by those authors who consistently return to the
venue. However, for healthy growth, a conference should
also seek to attract new contributors into its fold, and simul-
taneously foster collaborations between existing and new
authors. Collaborative work offers many advantages, indi-
vidually for the authors, collectively for the entire scientific
community, and finally for the conference itself. It leads to
cross-fertilization of ideas, sharing of resources, skills and
workload, efficiency in the use of time, and avoidance of
competition – all in the pursuit of a mutually shared, com-
mon goal. Collaborative research also encourages knowl-
edge sharing, which is essential for knowledge creation, be-
cause a person’s limited cognitive capability, and bounded
rationality [25] imposes a natural limit on what an individ-
ual working alone can achieve. Thus, working together can
increase the research productivity and impact of an individ-
ual [13]. Finally, fostering collaboration can strategically
improve the quality, stature, and reputation of a conference,
because when a conference spurs the collaboration, it is
very likely that the new team chooses the same venue to
publish their new joint work.

Co-authorship may be regarded as a strong evidence or
an explicit product of collaborative work [10]. In fact,
a significant proportion of scientific collaboration leads to
co-authored articles. Collectively, such joint authorship of
research articles leads to a network, where nodes are au-
thors and links between two authors (nodes) represents at
least one joint article between them. Such a co-author net-
work can be considered to be the first-order approximation
of complete scientific collaboration network [19]. There-
fore, a study of the co-author network can offer insights into
whether the social structure of a conference community is
conducive to collaborative research. It can also offer sug-
gestions on how such synergistic effort can be promoted.

In this paper, we study the co-author network of the
SEKE conference, extracted from the DBLP, KSI and elec-
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tronic proceedings spanning years 1988 through 2014. We
studied this network using socio-centric and ego-centric
analysis methods to understand the degree to which authors
are embedded in the SEKE community, and the structural
patterns of interactions among them. Socio-centric analysis
reveals that most authors have published opportunistically
(one or two) papers in SEKE, and only very few return con-
sistently. Moreover, most authors collaborate within their
small, tightly knit circles of 2 − 3 collaborators. Approx-
imate power-law spreads of ego-centric measures of cen-
trality, namely, degree, closeness, and betweenness confirm
these socio-centric observations by revealing that very few
authors are structurally dominant, and control and influence
the flow of information and communication among others.
Based on these observations, we believe that the SEKE
conference could derive long-term benefits by strategically:
(i) cultivating a wider base of influential authors structurally
embedded in the community; (ii) promoting broader collab-
orations; and (iii) encouraging one-time authors to return.

The rest of the paper is organized as follows: Section 2
describes data collection and pre-processing. Section 3
and 4 discuss socio-centric and ego-centric analyses respec-
tively. Section 5 surveys related work. Section 6 concludes
the paper and offers directions for future work.

2 Data Collection and Pre-Processing

We extract the co-author data from 26 editions of SEKE
conferences from its inception in 1988 to its most recent in
2014. Of these years, proceedings for 2013 and 2014 were
obtained electronically, data for 1991, 1997, and 1998 from
the SEKE website, and the rest from DBLP. Since most data
came from DBLP, and was retrieved in XML format, the
textual citations obtained from the web and electronic pro-
ceedings were parsed and formatted into XML as well. To
the best of our knowledge, DBLP does not provide a way to
download data to a txt file, so we manually transferred the
XML entries to a file. Figure 1 shows an example entry in
the DBLP proceedings in the XML format.

We pre-processed this data to replace all the special char-
acters with acceptable XML characters, especially in Euro-
pean names. Authors wrote their names in multiple formats,
including first and last name, first and middle initials and
last name but the most common representation was first ini-
tial, last name. Thus, we translated all the names into this
common format. We noticed that many authors shared a last
name, but it was very rare (only 4− 5 instances) for authors
to share the combination of first initial and last name. We
manually disambiguated between such authors by consult-
ing their affiliations and emails; assuming that authors who
share a name but not affiliation and/or email represent dif-
ferent individuals. We added unique tags to identify identi-
cal combinations that represent different individuals.

Table 1: Socio-centric Metrics

Metric Value
Duration 1989− 2014
Total Number of Authors 2990
Total Number of Papers 1738
Average Papers Per Author 1.49
Average Collaborators Per Author 2.46
Density 0.0059
Average Component Size 4.9
Largest Connected Component 1126
Average Path Length 7.329
Diameter 22
Average Clustering Coefficient 0.852
Number of triangles 4268

After pre-processing, we implemented a parser to extract
pairs of collaborators from the XML entries. The pairwise
list of authors created by the example XML entry is in Fig-
ure 2. This list was checked each time a newly created pair
matches an existing entry in the list; if there is a match, the
number of contributions for that pair is incremented, oth-
erwise a new pair is added with a collaboration count of
1. We also maintain the number of papers and collabora-
tors for each author. Finally, this list of collaborator pairs is
used to create the adjacency matrix. We note that although
we keep track of the collaboration count for each pair, for
this analysis the adjacency matrix represents an unweighted
graph. That is, if authors A and B have co-authored at least
one paper, the corresponding element in the matrix is set to
1, otherwise it is set to 0. Altogether we processed 1738 ar-
ticles written by 2990 authors to build the SEKE co-author
network.

B. Cheng,R. Bourdeau
R. Bourdeau,G. Gannod
C. Cheng,G. Gannod

Figure 2: List of Author Pairs – DBLP Entry in Figure 1

3 Socio-centric Analysis

In this section, we discuss socio-centric metrics that are
computed over all the nodes in the network. We compare
these metrics, shown in Table 1, with those of other scien-
tific communities within and beyond computer science.

3.1 Individual or Local Metrics

Individual metrics are computed locally by considering
the immediate connections of each author to understand the



<inproceedings key="conf/seke/ChengBG94" mdate="2007-02-23">
<author>Betty H. C. Cheng</author> <author>Robert H. Bourdeau</author>
<author>Gerald C. Gannod</author> <title> The object-oriented
development of a distributed multimedia environmental information system.
</title>

<pages>70-77</pages>
<year>1994</year>
<crossref>conf/seke/1994</crossref>
<booktitle>SEKE</booktitle>
<url>db/conf/seke/seke1994.html#ChengBG94</url>
</inproceedings>

Figure 1: Example DBLP Entry in XML Format

author’s involvement in the SEKE community. We found
that on an average a SEKE author writes 1.49 articles, col-
laborates with 2.46 others, and on an average a SEKE ar-
ticle has 1.5 authors. These values are low compared to
biology (6.4, 3.75 and 18.1) and physics (5.1, 2.53 and 9.7)
co-author networks [22]. This difference may arise because
biologists and physicists may need to collaborate more fre-
quently and widely due of the experimental nature of their
work. However, these metrics are consistent with the val-
ues for the co-author network in library and communica-
tion sciences (2.40, 1.80, and 2.24) [15], a field that may be
closer to SEKE in terms of culture, traditions, practices, and
norms. Figure 3, which shows the distribution of the num-
ber of authors per article further confirms that a very large
percentage of SEKE articles has four or fewer authors. Ar-
ticles with five or more authors are very rare, with seven
being the maximum.

Figure 3: Distribution of Authors per Article

Figure 4, which shows the distribution of number of ar-
ticles per author indicates that a large percentage of the au-
thors publish only one article, and a very small percent-
age publishes three or more articles. This approximate
power-law spread suggests that while the conference en-
joys a very small loyal base, most authors opportunistically
choose SEKE. Figure 5, which shows the distribution of the
number of collaborators shows that a significant proportion
of authors have between 1 and 6 collaborators. A group
with two to three collaborators could represent a graduate
advisor with his or her doctoral students. A very small per-

centage with no collaborators could represent solo authors.
Finally, groups with 5 or more members could represent
collaborations across institutions.

Figure 4: Distribution of Articles Per Author

Figure 5: Distribution of Collaborators Per Author

3.2 Aggregate or Global Metrics

Aggregate social metrics, computed by considering the
global network, will reveal the degree of closeness of the
SEKE community structure.

• Network Density: The network density (D) is defined
as the number of edges T to the number of possible
edges and is given by Equation (1). The density of
the SEKE co-author network is 0.0059, indicating an
overall very sparsely connected network.

D =
T

N(N − 1)
(1)



• Average Path Length: This is calculated by finding
the shortest path between a pair of nodes and then di-
viding by the total number of pairs. This shows, on an
average, the number of steps it takes to reach one au-
thor from the other. The average path length of 7.329
and diameter of 22 indicates that the SEKE network
does not exhibit small-world properties, where the av-
erage path length and diameter is around 2.0 and 6 re-
spectively. This is surprising because we would expect
stronger homophily between SEKE authors, who are
mostly computer scientists, than other types of shared
interests based on geographic proximity, or organiza-
tional affiliation, which typically lead to small-world
properties in social networks.

• Clustering Coefficient: This measures the degree to
which the authors group together so that the probabil-
ity of a tie between two authors in a cluster is greater
than the probability of a tie between any two random
authors. The clustering coefficient is defined as the av-
erage clustering coefficient of all the nodes [5], where
the clustering coefficient Cv for a node v is the pro-
portion of all possible edges between the neighbors of
a node that actually exist. The clustering coefficient is
based on the number of triangles or closed and open
triplets. The average clustering coefficient is a real
number between 0 and 1, with the SEKE value be-
ing 0.8268. 734 nodes have been excluded from this
computation because they have only one edge, and the
network has 4268 triangles. The value closer to 1 sug-
gests the presence of a small yet, close community and
a large number of isolated groups. The distribution of
the clustering coefficient in Figure 6 supports this con-
jecture, with a large peak at a very high value.

• Component Sizes: Similar to other co-author net-
works, the SEKE network is not a single connected
graph. Therefore, to measure the degree of connec-
tivity, we measure the relative size of the largest con-
nected component as its actual size divided by the
size of the network, which is approximately 38%.
Previously, the relative sizes of the largest connected
components were observed to be 20% for the li-
brary and communication science [15], 60% for SIG-
MOD [21], 92.6% for Medline, and 57.2% for NC-
STRL [23]. The relative size for SEKE is consis-
tent with Kretschmer’s [12] observation that the largest
components usually have a ratio of around 40%. This
relative size may also be impacted by the nature of the
disciplines, experimental sciences such as biology and
physics may have larger connected components com-
pared to computational disciplines such as SEKE and
library and communication sciences. The distribution
of the connected component sizes shown in Figure 7

has a peak at component size of two, followed by a
size of three. This suggests that most authors collabo-
rate within their comfort zone of friends, colleagues or
members within their research group, rather than seek-
ing out completely new partners.

Figure 6: Distribution of Clustering Coefficient

Figure 7: Distribution of Component Sizes

4 Ego-centric Analysis

In this section, we discuss ego-centric measures of cen-
trality which is an important structural attribute that indi-
cates an author’s formal power or prominence in the net-
work relative to the others [4]. We study the distribution
of these centrality scores, computed for each node in the
largest connected component.

4.1 Degree Centrality

The degree centrality CD(v) of an author v is given by
the degree of v and is defined by Equation (2). It measures
the number of ties of an author with others. Authors with
more connections or a higher degree are more central to the
structure, and tend to have a greater capacity to influence
others. An author may have a high degree because he or
she appears as a co-author on many articles, but each pa-
per has a short list of authors. Alternatively, a highly con-
nected author may appear as a co-author on a few articles,
but each article is authored by many. While this measure
does not consider connection strength, it does capture an
author’s collaborative scope within the network.

Cd(v) = deg(v) (2)



4.2 Closeness Centrality

Closeness centrality is defined as the mean shortest dis-
tance by which a given author is separated from all the oth-
ers [18]. It is measured as the average of the total recipro-
cal distance of an author from each of the other authors.
Closeness centrality of an author v is given by Equation
(3), where d(i, j) is the distance between the two authors
i and j, and N is the number of authors. A message orig-
inating in the most central position (i.e. from the author
with the highest closeness centrality) would spread through-
out the network in minimum time. Moreover, an author
with high closeness centrality could access or obtain the re-
sources owned by others more efficiently than any other au-
thor. Therefore, closeness centrality is a surrogate measure
of an author’s efficiency in communicating with others.

Cc(v) =

N∑
k=1

1

d(i, j)
(3)

4.3 Betweenness Centrality

Betweenness centrality is defined as the proportion of the
shortest paths between all pairs that pass through a given
author [3]. It represents an author’s ability to control the
flow of resources or information, which enables the au-
thor to broker information and resources to others [8]. Be-
tweenness centrality of an author v is given by Equation
(4), where gj,v,k is all the geodesics linking authors j and k
which pass through author v and gj,k is the geodesic dis-
tances between authors j and k. Authors with high be-
tweenness centrality play the role of a “middleman” or a
“bridge” and could gain different resources and informa-
tion from different groups. Also, when authors with high
betweenness are removed, it typically results in the largest
increase in the distance between others. It thus measures
authors’ importance to others’ virtual communication.

CB(v) =
∑
j,k 6=v

gj,v,k
gj,k

(4)

Figures 8, 9, and 10 respectively show the distributions of
the degree, closeness, and betweenness centralities for the
SEKE co-author network. The spreads of these measures
can be approximated using power-law distributions. The
distribution of degree centrality in Figure 8 indicates that
a large number of authors have a small number of collab-
orators, and only a fraction collaborate with a large num-
ber of others. The co-author network, color coded accord-
ing to the node degree ranging from 1 to 37, depicted in
Figure 11 confirms this distribution. In this network, blue
nodes, which make up only a small fraction have the highest
degree. Similarly, the distribution of closeness centrality in

Figure 8: Distribution of Degree Centrality

Figure 9: Distribution of Closeness Centrality

Figure 10: Distribution of Betweenness Centrality

Figure 9 indicates that a very small number of authors are
highly efficient in communicating with others and accessing
their resources. Betweenness centrality distribution in Fig-
ure 10 suggests that after a large spike at the lowest value,
the remaining values show the same proportions. Thus, a
majority of the authors do not lie on the shortest paths be-
tween other pairs. Thus, in summary, although each central-
ity measures a different aspect of authors’ embeddedness,
we find that a very small fraction of SEKE authors lie in
prominent positions. These authors sport a large number of
collaborators, lie on the shortest paths between other pairs,
and are highly efficient communicators.



Figure 11: SEKE Co-Author Network

5 Related Work

Social network measures have been used to study the
properties of co-author networks in various fields includ-
ing mathematics, biology, physics, and computer science.
Some authors also study how the network structure impacts
local or micro-level properties including citation counts.
These works, their measures and data, and their key objec-
tives and findings are summarized in Table 2.

Most of the works in Table 2 study readily available,
archived data from large communities such as Medline,
Physics or Mathematics authors. They also assess the im-
pact of network structure on micro-level properties of in-
dividual authors or articles, mostly captured in the form of
citation counts. Our work can be distinguished in the fol-
lowing two ways: (i) we extract and process the co-author
network of the SEKE conference from three sources; and
(ii) we corroborate socio-centric and ego-centric measures
to offer recommendations on how the SEKE conference
could strategically improve its stature. The SEKE confer-
ence, by the virtue of its more than 25 years of history as a
premier conference at the interplay of SE and KE, affords
this unique opportunity.

6 Conclusions and Future Work

In this paper, we describe the process of extracting the
network of SEKE co-authors over the entire history of the
conference. We analyze this network using socio-centric

and ego-centric network analysis methods to understand
patterns of author involvement and collaboration. Corrob-
orating the results from both these analyses reveals that the
SEKE conference is characterized by a large percentage of
authors who publish one or two papers, and who collaborate
in tightly knit circles. A small fraction of the authors enjoy
structural dominance in the network, and control and influ-
ence the flow of information and communication. Based on
these findings, we offer recommendations that could strate-
gically benefit SEKE.

Our future research involves longitudinal analysis to un-
derstand how the patterns of collaboration have evolved
since the early editions of the conference.
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