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Abstract—The production and publication of scientific works
have increased significantly in the last years, being the Internet the
main factor of access and distribution of these works. Faced with this,
there is a growing interest in understanding how scientific research has
evolved, in order to explore this knowledge to encourage research
groups to become more productive. Therefore, the objective of this
work is to explore repositories containing data from scientific
publications and to characterize keyword networks of these
publications, in order to identify the most relevant keywords, and to
highlight those that have the greatest impact on the network. To do
this, each article in the study repository has its keywords extracted and
in this way the network is characterized, after which several metrics
for social network analysis are applied for the identification of the
highlighted keywords.

Keywords—Extraction and data integration, bibliometrics,
scientometrics.

[. INTRODUCTION

N recent years, in addition to scientific production, there has

been a steady growth in the study of networks in relation to
various disciplines ranging from computer science to areas such
as sociology and epidemiology. The network can be
characterized as a graph, consisting of a set of nodes (vertices)
and links (edges) between nodes. These bonds may be, directed
or non-directed, and may optionally have an associated weight.
Many, perhaps almost all-natural phenomena can usually be
described in terms of a network. The brain can be characterized
as a network of neurons bound by synapses. The Internet is also
an example of an important network these days.

The topics cited have already been objects of study by several
researchers; however, it has only recently been that network
analysis has become an important area of research [1]. This is
partly due to the advancement of computers. Computers have
aided in the empirical study of real networks and allowed
researchers in different areas to apply their techniques in large
networks.

The strong relationship between the scientific and socio-
economic domain has provided a growing interest in
understanding the mechanisms involved in scientific activities
[2]. The cooperative relationship between researchers was also
analyzed [1].

II. RELATED WORK

With the ever-increasing competition among research

Thiago M. R. Dias, Patricia M. Dias, and Gray F. Moita are with the Federal
Centre for Technological Education of Minas Gerais, Av. Amazonas, 7675,
Nova Gameleira, 30510-000, Belo Horizonte, MG, Brazil; (e-mail:
thiagomagela@gmail.com, patriciamdias@gmail.com,
gray@dppg.cefetmg.edu.br).

organizations and institutions, it becomes important for its
members to discover potential collaborators in order to leverage
scientific production. Recent studies show that research groups
with a well-connected network tend to be more productive [3],
[4].

Community co-authoring networks may reveal interesting
facts about them, such as the groups that collaborate best, the
intensity of relationships between authors or authors working
with a greater degree of collaboration. The study of co-
authoring networks can also be used to compare patterns of
collaboration among different scientific communities [5].

In [6], Canibano and Bozeman suggest that curriculum
analysis can be used as a sufficiently comprehensive source of
information in academic research, and that its usefulness has
been widely explored since 2000.

In the work of Petersen [7], important factors for academic
success in scientific networks are highlighted. Among them are
the abundance of scientific production that enhances the
attraction of future opportunities and size of the team of
collaborators, co-authors and collaboration network. In view of
this, it is evident the importance of new studies in order to
understand and analyze how scientific collaboration happens,
as well as to propose new tools that aim to boost scientific
production.

In the research conducted by Cataldi et al. [8] the authors
recognize the important potential of Twitter and propose a
technique for detecting emerging themes, which allows to
recover in real time most of the emerging topics expressed by
the community. First, it extracts the content (set of terms) from
the tweets and models the life cycle of the terms according to
an aging technique with the intention of exploring the emerging
terms. A term can be defined as emergent if it often occurs in
the specified time interval and was relatively rare in the past. In
addition, considering that the importance of a content also
depends on its source, the social relations in the network with
the Page Rank algorithm are analyzed in order to determine the
users' authority. Finally, topic graphs are generated that link
emerging terms with other semantically related keywords,
allowing for the detection of emerging topics, under time
constraints specified by the user. They offer different case
studies that show the validity of the proposed approach (as
shown in Fig. 1).
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Fig. 1 Network analyzed [9]

In Zhu et al. [9], based on the network composed of 111,444
key words from articles in the area of information science
extracted from the Scopus repository, the average distance and
cluster coefficient metrics are evaluated. The authors, with the
application of complex network techniques and through
calculations, reveal the small world effect of the keyword
network. At the core of the keyword network, the degree of
centrality is used to conduct a preliminary study on how to
detect the hotspots of a research discipline.

II. METHODOLOGY
In this work, data from the Lattes Platform of CNPq were

used. The Lattes Platform was designed to integrate the
information systems of the Brazilian federal agencies,
optimizing the Science and Technology (S&T) management
process from the user's point of view, as well as development
agencies and teaching and research institutions [10].

The choice of the Lattes Platform for extraction is related to
the fact that it is extremely rich, since it deals with the
integration of scientific data from curricula and institutions of
the S&T area, recording the academic data and the scientific
productions of the researchers and institutions, allowing that the
updating of the data is carried out by the researchers
themselves. Currently Lattes Platform has approximately 4.9
million registered curricula.

Several articles for the analysis of scientific data have
explored the Lattes Platform as a primary source of information
[10]. Although data from the Lattes Platform curricula are
freely available, they are visualized through a query interface
that presents the curricula individually. In view of this,
techniques and tools for the extraction and integration of data
with other scientific data bases to complement the information
become necessary.

To extract the curricula to be analyzed, the framework
presented in Fig. 2 was used.
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Fig. 2 Framework for Extraction and Integration of Scientific Data [10]

The framework extracts data from the Lattes Platform
through the individual identifiers of each of the curricula, which
are extracted and stored in XML (eXtensible Markup
Language) format for further analysis. In the framework,
several other functionalities are incorporated, such as the
extraction of research groups and researchers that make up the
platform, however, for the purpose of this work, only the
resume extractor was used.

After the extraction and storage, each of the publications
registered in a curriculum are analyzed and their keywords form
a click, which is inserted in the graph by juxtaposition.
Therefore, all the articles registered are analyzed and all the
words of these articles that can represent research topics are
inserted in the graph, processing is terminated when all data is
analyzed. (Fig. 3).
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Fig. 3 Keyword network example

After the construction of the graph, in which the keywords
that were used in the same publication, are connected. So, we
can look at those keywords that were most commonly used
together. Given this, it is possible to visually identify the most
relevant words and their links to each group of curricula
analyzed. Thus, it is easily possible to extract which topics
(keywords) have the greatest influence on the networks
analyzed. In addition, it is possible to identify words that are
more related to a set of other words. This type of analysis
presents itself as an excellent mechanism for the identification
of related issues. That is, words that have a sparse edge with
other words means that they have a high degree of collaboration
(edge with weight greater than average). In the example of Fig.
3 the words "webmining" and "arquiteturaorientadaservicos"
have a high degree of collaboration.

Alternatively, by constructing keyword networks from
individual curricula (Fig. 3), it is possible to perform similarity
analysis of networks. That is, networks that resemble are
excellent indications that two researchers have similar profiles
and recommendation of researchers who can work together can
be performed.

IV. RESULTS

With the adoption of social network analysis metrics, it is
possible to identify characteristics that are not visually
identified. These characteristics are important because they can
reveal valuable information in order to foster research based on
emerging issues. For the analysis of neighbors in common, an
n X n matrix is created, where n is the number of words and in
this way values are inserted that represent the amount of
neighbors (words) in common that each keyword has with
another (Fig. 4). These matrices are important because their
results allow the performance of works in several areas of
research such as classification and recommendation systems,
which aim to classify words or recommend words that can work
together with new words that a researcher can consider for
future research.

For the present work, the matrix of neighbors in common
allows to identify the keywords that have a certain amount of
neighbors in common, characterizing them as very close in the
analyzed network. Therefore, the number of neighbors in
common allows to indicate the proximity of two keywords in
the network. In addition to matrices with different metrics,
several other graphs can be generated for the analysis of
keyword networks (Fig. 5).
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Fig. 4 Matrix of neighbors in common
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Fig. 5 Network of words with edge weight and type of publication

Fig. 5 shows a network of keywords of curricula of the group
of researchers of the Graduate Program in Mathematical and
Computational Modeling of CEFET-MG, and their relations,
these relations are represented by the words that were used in
the same article. The thickness of the edges indicates the
number of publications in which the words appear in the same
publication and the color of the nodes indicates the different
types of publications in which the words were published. Given
this, it is possible to observe the words used together with
greater frequency and the words that are not used with others in
chapters of books, articles in congress annals, magazines,
among others. That is, sparser edges mean a greater degree of
co-occurrence.

Another example of a network that can be generated is the
network in Fig. 6. In this network, we represent keywords and
edges when two or more keywords appeared in the same job.
However, the color of the nodes represents the research area in
which these words were used. Given this, it is possible to
identify the keywords that are being searched in a certain area
of knowledge, as well as how these words are related.

The network of Fig. 7 indicates keywords and their

relationships where the isolated nodes of the network represent
words that were used in isolation. Therefore, it is possible to
identify underused words (minor nodes) and words that have no
correlation with any other words. Therefore, in an analysis of
words that most correlate, the isolated words could be isolated,
reducing in this way the number of nodes to be analyzed.

V.CONCLUSION

With keyword analysis of scientific publications, a number
of relevant information can be extracted that can help in
understanding which research topics are evolving and therefore
should receive more attention.

The method proposed in this work analyzes all the keywords
that compose a publication and the construction of a keyword
graph is performed by insertion of clicks, and after the
construction of the graph, social network analysis metrics are
applied to identify information Relevant to the understanding
of these networks. In addition, it is possible to obtain
knowledge about research topics in which certain groups of
researchers have directed their efforts and how these topics
have been investigated in several areas of research.
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Fig. 6 Network of authors (vertices) by words (edges)

Fig. 7 Keyword network with isolated nodes
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