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Abstract

The research community plays a very important role in
holding valuable scientific knowledge. The authors propose
a community mining system which helps to find communities
of researchers by using bibliography data. The key features
of our method are a network model of papers and a word
assignment technique for the communities obtained. We im-
plemented the proposed method in a graphical computer
system. In this paper, we show how research communities
are found using our system. Also, we evaluate the perfor-
mance of the proposed method using experiments with real
world data. The results demonstrate that our system can
find appropriately sized research communities for a partic-
ular scientific field.

1. Introduction

Modern life has become fundamentally supported by
various technical systems, ranging from traditional systems
like roads and bridges to highly technological systems like
nuclear power plants, all of which are built and maintained
using scientific and technical knowledge. Sustaining mod-
ern life is dependent on the maintenance of these systems.
Accordingly, to avoid the catastrophic failure of such sys-
tems, preserving this scientific and technical knowledge is
vital.

Scientific and technical knowledge is kept explicitly by
means such as published papers, but that is not the only way.
The crucial components of knowledge are kept implicitly
among communities of scientists and engineers. Not only

papers themselves but also communities behind the papers
play an important role in keeping knowledge from genera-
tion to generation. As a result, we need an effective com-
munity mining method for finding them. In order to find
research communities, we usually use bibliography infor-
mation. The methods include co-citation analysis [10, 3]
and bibliographic coupling [7]. Although these methods are
very useful for analyzing research topics from the global
viewpoint of all bibliography data, we cannot always un-
derstand what the discovered communities represent. Cite-
Seer [9] and Google Scholar [4] are able to handle research
communities from a micro viewpoint, because they handle
co-author and citation information from bibliographies and
use the information for individual researchers. Although
these systems are good for finding local communities in-
volving an author, they are not suitable for finding research
communities close to the author. Börner et al. [2] proposes
the use of co-author networks to find research communities
by using weighted graphs. Their system uses heuristics to
separate communities without interaction. Ichise et al. [6]
proposed a community mining method based on the inter-
action of users. Although the proposed system of Ichise
et al. supports community mining for both a global view
and a local view with several mining indexes, it does not
identify the research topics of the communities obtained. In
this paper, we propose a visual system to discover research
communities with identified topics.

This paper is organized as follows. In Section 2, we dis-
cuss our proposed method for research community mining.
Section 3 describes the proposed system using examples. In
Section 4, we describe the experimental evaluation of our
method and discuss the results. Finally, in Section 5, we
present our conclusions.
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2. Research Community Mining

2.1. Representation of Research Commu-
nity

Although several network models using bibliographies
to represent research communities have been proposed [6],
in this paper we focus on the co-author relationships of a
research paper to find the research communities. First, we
assume a simple paper model. This model consists of key-
words and author names. In this case, we can consider an
author’s work on a research topic by noting the keywords.
As a result, authors who write a paper collaboratively share
the same interest, represented by the keywords. If we con-
sider the authors as nodes and the keywords as edges, we
can represent the bibliography information as researcher
networks.

Let us explain our model using an example. Assume that
we have two papers, as shown on each side of Figure 1. One
was written by two authors, A and B, and has two keywords,
W1 and W2. Another paper was written by three authors, A,
C and D, and has the keyword W3. We can compose graphs
of the authors and edges from the two papers, as shown in
Figure 1. Then, the joint representation generated from the
two bibliographies of the two papers is shown in the center
of Figure 1.

We can thus obtain a labeled graph from the bibliography
data with our modeling. The next challenge is then how to
identify research communities from this graph. We define
a research community as a cluster that is densely connected
by the same research interest or topic. Therefore, the re-
search communities we want to obtain are clusters that have
their edges labeled by the same keywords. Since our net-
work model provides the research topics (edges), we can
obtain the research communities by eliminating the edges of
no interest to the system user. In other words, after the user
specifies the research topics, most of the edges that are not
related to the specified topics can be deleted. This process
reveals the research communities of interest. For example,
when the user specifies W3 for the networks in Figure 1, the
edges of W1 and W2 are eliminated. As a result, researcher
B is isolated from the graph and we can find the research
community consisting of researchers A, C and D.

2.2. Keyword Assignments for Communi-
ties

Since the clusters obtained by our method are only con-
nected by user-specified relationships, we can consider each
cluster to represent a research community. However, each
cluster does not have its own properties or distinguishing
characteristics. In other words, if the user does not have
sufficient knowledge about the researchers, the user may

not understand the significance of the communities because
there is no information related to them. In order to resolve
this problem, we propose a method of assigning keywords
for each obtained community.

In our paper model, the papers written by the authors
in each community have keywords. If some words appear
often in such papers, we can consider these words to be a
property of the community. However, if we simply counted
the occurrences of the keywords in these papers, the rela-
tionships between keywords would be lost. In order to avoid
this problem, we consider frequently used keywords to be
units of the papers. The algorithm is as follows:

1. Select papers, which are written by the authors in the
community.

2. Analyze the selected papers using the Apriori algo-
rithm [1]. In this process, the keywords in a paper are
treated as items, and the papers are treated as transac-
tions.

As a result, we can obtain word pairs for each commu-
nity. We can then assign these word pairs as the properties
of the community.

3. Community Mining System

3.1. System Design

We implemented the proposed method in an actual sys-
tem using Java. In order to demonstrate how the proposed
system works, we will discuss it using actual examples. Fig-
ure 2 depicts the proposed system. First, the user inputs a
research field of interest into the search window (1). At this
time, the user can specify a parameter for use in selecting
communities for the specified search term. In our current
system, we use the Apriori algorithm for choosing authors
of communities as well. The parameter is used in the Apri-
ori algorithm as a support value for filtering author data and
helping to identify appropriately sized communities. This
parameter can be adjusted using a slide bar located under
the search box. The research communities related to the
search term are then shown graphically (2). When a partic-
ular community is selected from the graphs, a keyword list
for the community is shown in (3). In the event that a user
is not satisfied with the size of the research communities
shown, they can adjust the graph size using the slide bar at
the bottom left of the screen in Figure 2. The system then
changes the threshold for the edges to be displayed.

3.2. Case Study of the Community Mining
System

In this section, we will demonstrate how to locate com-
munities for “robotics” by using the community mining sys-
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Figure 1. Network model of researchers.

Figure 2. Screenshot of community mining
system.

tem. First, the user inputs “robotics” in the search window
(1) in Figure 3. The research communities are then dis-
played using graphs (2) in Figure 3. As can be seen from
this example, many “robotics” communities can be obtained
in this manner, including “reinforcement learning” or “sens-
ing”. In order to determine the research field for each com-
munity, the user can browse community keywords by spec-
ifying communities (3), (4) as shown in Figure 4. When the
user locates a community that they are interested in, they
can browse the publication list for a specified researcher.
They can also browse personal information for the specified
researcher.

Figure 3. A search example for “robotics”.

4. Experiments

4.1. Bibliography Data

In order to evaluate our method, we conducted experi-
ments using actual bibliography data. In this study, we used
part of the CiNii database [8] to obtain bibliographic infor-
mation. The database consists of SGML (Standard General-
ized Markup Language) data. The CiNii database contains
bibliography entries that include title, author, and publica-
tion year. The system data statistics are listed in Table 1.
The paper and researcher entries denote the total number
of paper records and the number of records for researcher
in the system, respectively. The author record denotes the
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Figure 4. Keyword listing for specified com-
munities.

Table 1. Number of data records.
Experimental Database

(×1, 000)

Paper 544
Researcher 93

Author 358
Co-author 1,038
Keyword 40

Label 1,087

number of authors for each paper. For example, the record’s
value is three when three researchers write a paper collabo-
ratively. The co-author entries denote the number of com-
binations of authors for a paper. For example, when a paper
has four co-authors, it is counted as 4C2 = 6 for the pa-
per. The keyword entries denote the number of kinds of
keywords. In this study, we used the words contained in the
title as keywords. The label entries denote the number of
keyword labels for each paper. For example, the record is
three when the paper title has three keywords.

4.2. Experimental Results

The co-author network tends to be characterized as hav-
ing large clusters. In fact, the network constructed by all
the bibliography data consists of a few large clusters and
numerous small clusters [5].

Table 2. Number of papers and authors for
each term.

Words Papers Authors

entropy 38 79
vector quantization 85 138
pattern recognition 89 227
perpendicular magnetic recording 119 141
robot 372 778
genetic algorithm 433 738
chaos 444 529
algorithm 1584 2491

However, our method was capable of successfully split-
ting a large cluster into readable research communities. We
used eight community search terms to evaluate our system,
as follows:

• entropy

• vector quantization

• pattern recognition

• perpendicular magnetic recording

• robot

• genetic algorithm

• chaos

• algorithm

The number of papers and authors for each term are shown
in Table 2.

We counted the number of nodes and clusters retrieved
by our system for each term (Figure 5). The horizontal axis
denotes the number of nodes and the vertical axis shows
the number of communities. As can be seen from Figure 5,
our method successfully identifies communities of a read-
able size. Also, communities related to particular topics of
interest to the user can be mined using our method.

Next, in order to evaluate our community search method,
we investigated a number of communities using different
support values. Remember that the support value is a pa-
rameter used to refine the mined communities, and can be
changed using the slide bar at the top left of Figure 2. The
results are shown in Table 3. As you can see from the re-
sults, the support values are helpful in finding core com-
munities. For example, for words with a small number of
related authors such as “entropy” and “vector quantization”,
all authors are included by our community mining system.
Conversely, for words with a large number of associated
authors such as “robot” and “algorithm”, the system selects
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Figure 5. Number of discovered communi-
ties.

authors according to the support value. This enables the
user to find appropriately sized communities for specified
search terms.

4.3. Discussion

One of the main differences between the conventional
community mining systems Ver.1 [6] and the system pro-
posed here is the use of keywords. Version 1 does not use
keywords for mining communities. This function enables
us to find a community without an extensive knowledge of
the research domains the user wants to mine. Unfortunately,
the current system is limited by the level of confidence in
the keywords, since we used words in the title as keywords.
Since most of the records in the CiNii database do not in-
clude keywords or abstracts, we decided to employ this ap-
proach. However, this method has the disadvantage of not
always being able to assign the appropriate keywords for
papers. Future work will focus on the development of a
method for assigning keywords for such records.

5. Conclusion

In this paper, we proposed a visual system for research
community mining. The key feature of our mining method

Table 3. Relationship between support value
and number of authors.

Support value
Words 0.2 0.4 0.6 0.8 1.0

entropy 79 79 79 79 79
vector quantization 138 138 138 138 138
pattern recognition 227 227 227 227 227
perpendicular magnetic recording 141 141 141 141 78
robot 778 210 75 75 30
genetic algorithm 738 237 88 49 26
chaos 529 208 106 64 48
algorithm 174 42 23 10 6

is the modeling of papers and researchers. This modeling
enables us to eliminate the edges of large clusters. In ad-
dition, the modeling can also help to retrieve communities
for particular topics. We also employ a method for assign
words to separate clusters. We implemented our method
and showed how to investigate bibliographic data with our
system. The experimental results show that the performance
of our method has considerable potential for application.
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