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Abstract. Co-authorship networks are examples of social networks, in which
researchers are linked by their joint publications. Like many other instances of
social networks, co-authorship networks contain rich sets of valuable data. In
this paper, we propose a visual analytic tool, called SocialVis, to analyze and
visualize these networks. In particular, SocialVis first applies frequent pattern
mining to discover implicit, previously unknown and potential useful social
information such as teams of multiple frequently collaborating researchers, their
composition, and their collaboration frequency. SocialVis then uses a visual
representation to present the mined social information so as to help users get a
better understanding of the networks.
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1 Introduction and Related Work

Over the past few years, the rapid growth and exponential use of social digital media
has led to an increase in popularity of social networks and the emergence of social
computing. In general, social networks [7,25] are structures made of social entities
(e.g., individuals, corporations, collective social units, or organizations) that are linked
by some specific types of interdependency (e.g., kinship, friendship, common interest,
beliefs, or financial exchange). A social entity is connected to another entity as his
next-of-kin, friend, collaborator, co-author, classmate, co-worker, team member, or
business partner. Social computing [15,23,24] aims to computationally facilitate social
studies and human-social dynamics in these networks as well as to design and use
information and communication technologies for dealing with social context. It
includes the development of human-computer interaction technologies for augmenting
cognition [1,8]—i.e., naturally extending the minds of social entities so that they could
effectively perform conscious mental activities such as solving problems, making
decisions, acquiring new knowledge, and connecting with others—by social
information and collective intelligence. Intuitively, collective intelligence [19] is a
shared or group intelligence that emerges from the collaboration of some social
entities. Joint publications are examples of solid outcomes of such collaboration.
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To facilitate augmented cognition, it is better to mine useful social information from
the social networks.

Social network mining discovers implicit, previously unknown and potentially
useful social information. Examples of mining tasks include predicting links [3],
learning influence probabilities [9], and discovering suspicious groups [21]. In this
paper, we apply another mining task to an important type of social networks.
Specifically, we apply frequent pattern mining [13,14,18] (which was introduced [2]
to analyze shopping market basket data for revealing shopper behaviour) to co-
authorship networks for discovering important social information such as teams of
frequently collaborating researchers, their composition, and their collaboration
frequency. The mined information is helpful in applications like academic author
ranking and expert recommendation. Related works on mining co-authorship
networks mainly focused on different mining tasks (than finding frequent patterns
about collaboration teams) such as classifying origins of researcher names [4] and
analyzing supportiveness between pairs of researchers [11].

As “a picture is worth a thousand words”, having a visual representation is
generally more comprehensive to users than its textual representation. This explains
why several visualizers have been proposed to visualize results (e.g., association
rules [5], shopper patterns [6,16,17], clusters [20]) of various traditional data mining
tasks. Similarly, while it is important to discover useful frequent social patterns from
co-authorship networks, it is equally important to be able to visualize these patterns.
Common visual representations of these networks include node-link diagrams [12], in
which each node represents a social entity (researcher) and each edge connecting two
nodes represents a linkage (co-authorship) between the two entities. This social
information can also be represented in a socio-matrix (i.e., an adjacency matrix) [7].
However, node-link diagrams or socio-matrices do not necessarily capture frequency
information associated with researchers and their co-authorship (e.g., number of
papers authored by a researcher or the number of joint publications between two
researchers). To capture multi-researcher co-authorship, one may use other
representations such as hypergraphs [11] or bipartite graphs [22]. However, as
frequency information is captured implicitly by these representations, users may
encounter difficulties in counting frequency (due to overlapping clusters in
hypergraphs or crossing-over lines in bipartite graphs). In this paper, we use an
alternative representation in our proposed visual analytic tool called SocialVis, which
visualizes co-authorship networks so that it not only shows collaborators of user-
selected researchers but also all the linkages among them. It clearly and explicitly
presents frequency information for individual researchers and for pairs of researchers.
Moreover, it shows the composition of teams of multiple researchers and their
frequency information even for large co-authorship networks. Our key contribution of
this invited paper is our proposal of SocialVis, which analyzes and visualizes social
networks like co-authorship networks. SocialVis discovers useful social information
and results of collective intelligence (e.g., publications) from the networks and allows
users to visualize this information so that it helps them understand the networks and
augment cognition. In general, SocialVis can serve as a standalone tool for mining
and visualizing the networks and as a complement to existing tools (especially those
that have features such as spotting and displaying interesting patterns but do not
provide the frequency information of the patterns).
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This paper is organized as follows. Next section discusses different visual
representations of co-authorship networks. We propose our SocialVis in Section 3 and
present evaluation results in Section 4. Conclusions are given in Section 5.

2 Representing Co-authorship Networks

Co-authorship networks are commonly represented as node-link diagrams [12], in
which each node represents a researcher and each edge represents co-authorship
between the two researchers. Fig. 1(a) presents a node-link diagram for a 1-degree
egocentric network showing some selected collaborators of researcher Ng; Fig. 1(b)
presents a node-link diagram for a 1.5-degree egocentric network, in which each
dashed edge represents co-authorship between selected collaborators of Ng. (For
simplicity of illustration, only some but not all collaborators of Ng are shown in the
figures.) The social information depicted by the node-link diagram can be
equivalently represented in a socio-matrix (i.e., an adjacency matrix) [7], in which
every row and column is indexed by a researcher and each non-diagonal cell (x,y)
keeps a Boolean value indicating the presence or absence of co-authorship between
the two corresponding researchers x andy. See Fig. 1(c). However, node-link
diagrams or socio-matrices do not necessarily capture quantitative information such
as publication counts of researchers.
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To show quantitative information, one could use different node sizes and edge
thickness in a node-link diagram. However, it is not easy to compare the size of two
nodes or the thickness of two edges. Alternatively, one could annotate each node or
edge with the quantitative information. Fig. 2(a) presents a node-link diagram for a
1.5-degree egocentric network showing some selected collaborators of researcher Ng,
in which node x is annotated with the number of papers authored by researcher x and
edge xy is annotated with the number of joint publications by researchers x & y.
Similarly, one could replace the Boolean value in each non-diagonal cell (x,y) in a
socio-matrix (indicating the presence or absence of some publications between the
two researchers x & y) by an integer indicating the number of joint publications
between x & y. The number of papers authored by a researcher could either (i) be
augmented to the row or column label or (ii) be captured by the diagonal cell. See
Fig. 2(b). While these representations show quantitative information for individual
social entities and their pairwise relationships, they do not show the relationships
among multiple social entities.

In many situations, relationships simultaneously involve more than two individuals
in the network (e.g., papers co-authored by more than two researchers). For these
situations, one could use (i) a hypergraph to group multiple researchers into the same
cluster if they co-authored the same paper, (ii) a dual hypergraph to group multiple
papers into the same cluster if they are co-authored by the same researcher, or (iii) a
bipartite graph to link researchers to their corresponding joint publications. While the
use of these three types of graphs depicts the composition of multi-entity
relationships, these graphs do not clearly and explicitly provide users with frequency
information. Moreover, multiple researchers may coauthor the same paper, and
multiple papers may be coauthored by the same researcher. As such, clusters of
entities (researchers) in hypergraphs often overlap with each other, and clusters of
relationships (joint publications) in dual hypergraphs often overlap with each other.
Linkages between researchers and papers in bipartite graphs often cross over each
other. Hence, the use of these graphs can be quite unwieldy when depicting large
social networks. An alternative visual representation is needed.

3 Analyzing and Visualizing Social Information with SocialVis

Given co-authorship network data (such as DBLP Bibliography records), our
proposed visual analytic tool—called SocialVis—analyzes social networks and
visualize social information. First, it applies frequent pattern mining algorithms [2,10]
to find teams of frequently collaborating researchers and their collaboration
frequency. Then, SocialVis represents the discovered frequent patterns in a two-
dimensional space where the x-axis lists the researchers and the y-axis shows the
number of their (solo or joint) publications.

To facilitate quick lookup researchers of user interest, SocialVis arranges
researchers in alphabetical order on the x-axis. Besides this default ordering,
SocialVis can also arrange researchers in descending order of the number of their
publications (which gives users a quick insight about the frequency distribution of
research publications because researchers with more publications appear on the left-
hand-side and those with fewer publications appear on the right-hand-side).
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Moreover, users do not need to select all researchers. Users can select one or more
researchers based on their interest (e.g., select researcher Ng and some of his
collaborators) for further analysis and visualization.

To clearly show the number of publications, SocialVis explicitly lists only the
existing frequency values on the y-axis. This avoids large gaps between existing
frequency values. Besides this default listing, SocialVis can also show the frequency
values in linear scale, which allows users to get insight about the density or
distributions of frequencies.

3.1 Visualizing Individual Researchers

When given a co-authorship network, a commonly asked question is as follow:
Q1. How many papers published by this researcher?

The answer to Q1 may indicate how active this researcher is, which helps in ranking
researchers in the network. To visualize the answer, SocialVis represents the number
of papers authored by each individual researcher using a diamond-shaped icon 4»
(composed of a left-pointing triangle and a right-pointing triangle) in a two-
dimensional space. The x-position of the icon indicates the researcher name, and the
y-position of the icon indicates the number of his publications. See Fig. 3(a) for a
screenshot of SocialVis, which explicitly shows the number of publications authored
by each of the above seven selected researchers. From this figure, we can easily look
up the number of Ng’s publications (i.e., 126 papers). When researchers are arranged
in descending order of the number of publications as shown in Fig. 3(b), we can easily
observe that—among the seven selected researchers—Han published the most (with
451 papers) and followed by Subrahmanian (who published 225 papers).

(a) Alphabetical order of researcher names (b) Descending order of #publications

Fig. 3. SocialVis shows the numbers of papers authored by individual researchers

3.2 Visualizing Pairs of Researchers

Besides Q1, the following is the next commonly asked questions:

Q2. Did this researcher collaborate with another researcher? If so, how
many papers co-authored by them?
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Answers to Q2 help users understand pairwise connections—in the form of joint
publications—between pairs of researchers. SocialVis represents each pairwise
connection using a horizontal line linking the left-pointing and right-pointing triangles
(representing the two researchers) in the form of a bi-direction arrow 4—». The use of
horizontal lines avoids crossing over of lines (as in bipartite graphs). The y-position of
the line explicitly indicates the number of co-authored papers. For example, Fig. 4(a)
shows that Han & Pei co-authored 36 papers. It also shows that Han co-authored
10 papers with Ng and 10 papers with Tung.

When combined with the information depicted by Fig. 3, we can infer that, among
451 papers published by Han, 10 of them were co-authored with Ng (which means the
remaining 451-10 = 441 papers were either solo publications of Han or the results of
his other collaboration in which Ng did not participate).

36 + +
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—

(a) Pairs of researchers (b) Teams of multiple researchers

Fig. 4. SocialVis shows the numbers of papers co-authored by pairs or teams of researchers

3.3 Visualizing Collaborating Researchers in Teams

With the above two features of SocialVis (Sections 3.1 & 3.2), we can visualize the
publication counts of each individual researcher and pair of researchers. For instance,
we observed from Fig.4(a) that there are pairwise connections between Han,
Lakshmanan and Ng (e.g., Lakshmanan & Ng co-authored 19 papers, Han &
Lakshmanan co-authored 15 papers, and Han & Ng co-authored 10 papers), from
which we can infer that they together co-authored at most 10 papers (i.e., an upper
bound for the number of their joint publications). Since we cannot infer the exact
number of joint publications, it is unclear whether or not these three researchers
collaborated together in a team. Hence, a logical question is:

Q3. Did these k researchers (where k > 3) collaborate in a team? If so,
exactly how many joint papers co-authored by them?

Answers to Q3 help users understand social linkage not only between two researchers
but among multiple researchers. SocialVis uses a horizontal line to connect two
triangles and k-2 circles representing all k researchers in a team (e.g., 4-—e—e—p
represents a team of 4 researchers). The y-position of the line explicitly indicates the
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number of their joint publications. For example, Fig. 4(b) clearly shows that Han,
Lakshmanan & Ng together co-authored 7 papers (cf. the upper bound of 10 papers
inferred without using this feature of visualizing multi-researcher teams). As Ng
participated in only 7 of 15 papers co-authored by Han & Lakshmanan, the remaining
15-7 = 8 papers were either written only by both Han & Lakshmanan or written
together with their other collaborators.

Fig. 4(b) also shows that Han, Lakshmanan, Ng & Tung together co-authored
2 papers. This means that, among the 7 papers co-authored by the first three
researchers, Tung co-authored only 2 of them, but he did not participate in the other
5 publications. Moreover, observing that the number of joint publications for Han,
Lakshmanan & Tung is also 2, we can conclude that Ng participated in all the
2 papers jointly written by Han, Lakshmanan & Tung.

When combining the information depicted by Fig. 4(b) with that by Fig. 4(a), we
make the following interesting observation: Although Han, Ng & Pei collaborated in
pairs (with Han & Pei co-authored 36 papers, Han & Ng co-authored 10 papers, and
Ng & Pei co-authored 1 paper), they did not write a joint paper together as indicated
by the absence of any horizontal line connecting all three of them. This is different
from the aforementioned (Han, Lakshmanan, Ng) team, in which the three researchers
collaborated in pairs and all together.

Based on the numbers of joint publications of the (Han, Lakshmanan) and (Han,
Lakshmanan, Ng) teams shown in Fig. 4, we conclude that Ng participated in only 7
out of the 15 papers co-authored by both Han & Lakshmanan. Furthermore, when
observing the number of papers authored by Han is 451, we conclude Lakshmanan &
Ng participated in only 7 out of these 451 papers (which implies that the remaining
451-7 = 444 papers were either solo publications of Han or the results of his other
collaboration in which Lakshmanan & Ng did not participate together).

3.4 Visualizing the Entire or Partial Collaborating Teams

Based on the above observations, users can visualize the frequency information for
teams of k researchers (for any k> 1) using the above three features of SocialVis
(Sections 3.1-3.3). For example, users can conclude that Lakshmanan & Ng
participated in 7 out of the 451 papers published by Han, but they may have
difficulties in determining how many of the remaining 444 papers were written solely
by Han and how many involved other collaborator. So, the following question is not
uncommon:

Q4. Did we have the complete list of co-authors for this paper? If so,
how many co-authors are there? How many papers were jointly co-
authored by all and only those researchers in this team?

Answers to Q4 help users understand (i) whether they found the entire frequently
collaborating team or just a subset of it, (ii) the composition of the entire team, and
(iii) the collaboration frequency of the entire team. To distinguish a complete team
from a partial team, SocialVis replaces the right-pointing triangle with a bar I for the
complete team. See Fig.5(a), which shows that Han is a sole author of
32 publications and Ng & Subrahmanian jointly published 8 papers (without any
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other co-authors). The figure also shows that the (Han, Lakshmanan, Ng, Tung) team
co-authored 2 papers and its subset—the (Han, Lakshmanan) team—co-authored
another 2 papers.

When we combine all the information depicted by Figs. 3-5, we get a better
understanding of the networks. Recall from Section 3.2, we knew that Ng participated
in 10 of 451 Han’s papers, but we were uncertain about the remaining 441 papers.
Now, with Fig. 5(a), we know Han wrote 32 papers alone, which means he co-
authored the remaining 441-32 = 409 papers with researchers other than Ng. Fig. 5(a)
also clears up the uncertainty in Section 3.3: (i) Among the 8 papers co-authored by
Han & Lakshmanan but not Ng, 2 were written only by both Han & Lakshmanan
(which means the remaining 6 were with Han & Lakshmanan’s other collaborators
besides Ng). (ii)) Among the 444 Han’s papers not co-authored with both Lakshmanan
& Ng, 32 were solo publications of Han (which means the remaining 412 were the
results of his other collaboration in which Lakshmanan & Ng did not participate
together).
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Fig. 5. SocialVis shows entire teams of researchers and their publication counts

3.5 Visualizing Large Co-authorship Networks

For clarity of our illustration, we only show features of SocialVis one at a time in
each of the above figures (e.g., teams of multiple researchers in Fig. 4(b)). In general,
users could select one or more features so that SocialVis displays the corresponding
results on the same screen. See Fig. 5(b).

To visualize large co-authorship networks, Social Vis gives users an overview of all
social information mined from the networks. To avoid over-crowdedness, SocialVis
only displays some labels on the axes. As researcher names are (by default) arranged
in alphabetical order on the x-axis, users can easily determine the hidden names.
Moreover, SocialVis provides users with interactive features for selection/filtering so
that they can focus on the area of user interest (e.g., some specific researchers and/or
collaboration frequencies). Users can then zoom into, or out of, that area. SocialVis
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also provides users with scrollbars on both x- and y-directions so that users can easily
scroll & explore different areas of the mined results and effectively access the useful
social information about the networks.

4 Evaluation

To assess the effectiveness of SocialVis (our visual analytic tool) in conveying
important social relationships (e.g., co-authorship information) and their frequency
information mined from the social networks, we conducted a user evaluation. The
evaluation was primarily case-based, within which users were required to answer
different questions based on the information depicted by SocialVis. Sample questions
include the following: How many papers are co-authored by Ng? Among them, how
many were his sole publication? Did Ng collaborate with Han & Lakshmanan
together? What is the number of their joint publications?

We recruited 18 participants, and none of them was exposed to our proposed
SocialVis before. We began the evaluation by presenting our SocialVis and asking
them to explore it at their own will. We did not give them any information regarding
what the icons and representations meant in the visualization. We first questioned
them on what they were able to identify. Due to our intuitive representation, the
results showed that 78% of the participants were able to identify the basic meaning
behind the representations (e.g., teams of k researchers and numbers of their joint
publications). Only 22% of the participants had slight problems in distinguishing
entire teams from partial teams. Afterwards, we gave the participants information on
how to read the graphs (especially, the differences between right-pointing triangles
and bars). Then, all participants were able to correctly answer all the given questions.

Moreover, these participants were asked to answer the same set of questions using
other graphical representations of the network such as annotated node-link diagrams,
weighted socio-matrices, hypergraphs, dual hypergraphs, and bipartite graphs. As
expected, participants were only able to answer questions about individual or pairs of
researchers but not teams of multiple researchers using the first two types of graphs.
Most participants found it difficult to answer questions about multi-researcher teams
using the latter three types of graphs as answers were not explicitly shown as by
SocialVis. Participants need to manually dig out the information from overlapping
clusters (in hypergraphs or dual hypergraphs) or crossing-over lines (in bipartite
graphs) and to carefully count the numbers. As SocialVis clearly and explicitly
provides the frequency information, participants can easier read this information.

5 Conclusions

A co-authorship network is one type of social networks, in which researchers are
connected by their joint publications. In this paper, we proposed SocialVis to analyze
and visualize these networks. Specifically, it applies frequent pattern mining to find
useful social information such as the entire or partial teams of k frequently
collaborating researchers and numbers of their joint or solo publications. It also
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presents these mining results graphically to users so that they can easily visualize the
valuable social information about outcomes of collective intelligence and get a good
understanding of the networks, which in turn helps users augment cognition. In
general, SocialVis can serve either as a standalone visual analytic tool for revealing
interesting social relationships among multiple entities in the networks or as a
complement to existing visualizers by providing users with additional quantitative
information such as publication counts. As ongoing work, we are extending SocialVis
to analysis and visualize higher dimensional relationships such as where (venue) did
the research papers published and/or when (year) did they published.
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