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ABSTRACT

A citation analysis utilizes the relations among citations and is the most popular bibliometric method. This analysis is based on 1)
the evaluation by paper, journal and researcher of the research output, 2) the identification of emerging research topics, 3) the
production of a map of the intellectual structure of the research domain and 4) various services for academic information. However,
this approach has a limitation in that a citation is treated in a very simple manner, even though the purpose of citation can vary
greatly. To address this problem, new approaches have been studied that take into account the citation context. This research
separates the citations according to the citation functions and tries to conduct an analysis according to the newly classified citations.
Furthermore, research on the citation summarization and visualization based on both the citation context and the citation function of
the citations was also attempted. However, since there are very few studies related to citation context in South Korea, more research
and development is needed in this area. This study analyzes the status of the research in terms of the citation context. For this, we

utilized social network analysis methods.
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1. INTRODUCTION

Traditional citation analysis based on the number of
citations is limited because it does not provide the context of
citations. Therefore, scholars have investigated diverse
citation analysis methods in order to overcome the limitation
of the traditional citation analysis. This research focuses on
how citation analysis can be improved by understanding
citation contexts. The prior citation analysis cannot show the
complicated citation-network. Recent studies have used
context citation analysis and provided qualitative analysis of
research articles as well as quantitative analysis of them.
Therefore, these research findings can suggest important
ideas in the areas of research article searches and relevant
services.

The traditional citation-based bibliometrics have several
limitations in terms of evaluation of research outcomes and
its research trend service. In order to overcome the
limitations of bibliometrics, recent studies have investigated
the phrases in research articles to understand the context of
citation, which can provide better evaluation of research
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outcomes and research trends. The context or phrase-based
citation analysis categorizes the diverse formats of citations
into specific types or functions, and this helps us to
understand more detailed functions of each citation and
reorganize the relationships of research articles based on
specified citation categories [3], [32]. This new context-based
bibliometrics analysis can also better visualize the citation
relationships based on the contexts of citations, and
eventually it will improve the citation information service.

There are very few studies related to citation context in
South Korea. Therefore, more research and development for
this area is needed. This study analyzed the status of research
for citation context. For this, we utilized the method of the
social network analysis.

2. LITERATURE REVIEW

Citation analysis, which utilizes the relations among
citations, is the most popular method of bibliometric methods
[19]. This analysis is based on 1) the evaluation by paper,
journal and researcher of research output, 2) the identification
of emerging research topics, 3) the production of the map for
the intellectual structure analysis by research domain and 4)
various services for academic information[9,10,15,16].
However, this approach has a limitation since a citation is
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treated very simply, even though the purposes of citation are
various. To complement this problem, new approaches based
on citation context have been studied. This research separates
citations by citation functions and tries to analyze based on
the newly classified citations[11], [18], [28]. Furthermore,
research on citation summarization and visualization based
on both citation context and citation function of citations has
been tried.

Garfield categorized the purposes of citations into 15
categories (e.g., giving credit for related work, providing
background reading, disclaiming work or ideas of others) [7].
Kroon reviewed the different categories of citations between
1965 and 2008 [14]. Digital libraries and information
services did not consider the diverse purposes of citations,
but they assumed that all the citations have only one purpose.
Therefore, researchers need to investigate the specific
purposes of citations by themselves, and this has left a
significant burden to the researchers. Due to the limitations of
the traditional bibliometrics, recent studies have focused on
automatic categorization of citations based on their purposes
and further providing summaries of relevant citations
(citation). Those studies investigated automatic detection of
specific definition of citation, citation context, citation
sentence, and citation area; then, they provided automatic
summaries of research articles based on the previously
detected and categorized citations (citation).

Teufel suggested specific citation purposes and
automatic categorization of citation functions. Prior studies
focusing on citation purposes employed natural language
processing, text mining, and machine learning in order to
detect diverse purposes of citations in research articles. Many
scholars have used Murugesan categorization for analyzing
citation context, which focuses on conceptual/operational use,
evolutionary/juxtapositional ~ group,  organic/perfunctory
group, and confirmative/negational group [17]. Simone
proposed an automatic reference analysis method based on
the sentences which include citations and 12 categories of
citations based on their purposes [25]. Tuarob conducted a
similar research study by investigating the purposes of
citations based on Simone’s method [25], [26]. Similar to
Simone, Tuarob also reported that 61% of citations were
difficult to categorize, and most of citation purposes are both
“mention” and ‘“argument” [26]. Hu investigated how the
location of citations are related to the characteristics of
references, and visualized the locations of citations across
research articles, which include introduction, method, result,
and conclusion [12]. Boyack examined the co-citations in
research articles and clustered them to understand how each
cited reference is related to the other references cited together
[4]. Abu-Jbara and Radev proposed natural language
processing methods in order to know the qualitative factors in
research articles [1], [22]. Ulrich and Weitz analyzed the
context-based citations based on citation sentences and typed
citation graph (TCG), which can enable authors to understand
the relationships among articles such as research trends and
background information easily [21], [27]. Agarwal suggested
a framework for the summary of a research article based on
the citation sources and their clustering analyses [2].
Qazvinian provided a citation summary method for a research

article based on the relationships among citation sentences
[6], [20]. Chen suggested an impact-based summary method,
which can also provide relevant information with regards to
the research article identified [5]. Sugiyama proposed the
supervised learning method, which can detect citation
sentences and their contexts and suggest which sentence
needs to have appropriate citation(s) [24]. Huang suggested
the citation semantic link network (CSLN) based on citation
purpose category, sentiment analysis, and keyword extraction,
and it can provide users with visualized citation relationship
services [13]. The characteristics of CSLN include frequency,
multi-dimension, location, and opinion and sentiment.
Sendhilkumar proposed a method that can quantify the
quality of citations based on the assumption that each
research article would have different quality of citations[23].

3. RESEARCH METHOD

This research identified a total of 43 research articles
focusing on citation-context, and it identified their journal
publications, keywords, author(s), their institutions, nations,
and research groups and then analyzed their relationships
based on the social network analysis method. In particular,
this research used KISTI KnowledgeMatrix and Cyram
NetMiner in order to visualize its analysis. Prior studies in
citation-context were mainly published in the conferences of
natural language processing and information retrieval, and
they were also appeared in convergence journals in
information science, linguistic journals, and bio-informatics
journals.

4. DATA ANALYSIS OF RESEARCH BASED ON
CITATION CONTEXT

4.1 Analysis of author keyword

In library and information science, studies on both
purpose of citations and utilization have been accomplished.
Since the year 2000, advanced research has increased in
computer science such as research group for natural language
processing and text mining. The studies based on citation
context can be separated as 1) the research on citation
function as both identification of citation context and
classification scheme design for citation function, 2) the
research for the summarization of papers utilizing citation
contexts 3) the research for performance improvement of
information retrieval using the keywords from citation
contexts and 4) the research of new service models based on
citation context and citation function. We analyzed the
articles related to the research for citation context since the
year 2000, and specifically selected the article which Simone
Teufle published in 2006 as the key paper [25]. This paper
suggests the method for the automatic classification of
citation function. Over 90 papers cited this key paper in their
research. These studies usually utilized the computer-based
technology such as natural language processing, text mining
and machine learning. Also, as a result of analysis of author
information, such as author occupation and research paper’s
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source, there is a lot of research output in mainly computer
science, information science and partly medical science. We
produced a proximity matrix of related papers and keywords
networks based on this such as below Fig. 1 using author
keywords or those manually extracted in the case of a paper
without author keywords by ourselves. Netminer of Cyram
inc., which is the software for the social network analysis,
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was used to produce matrices and the networks for this study.
Fig. 1(a) is the matrix produced with the Pearson correlation
coefficient and Fig. 1(b) is the network of keywords based on
the matrix. Through these figures, we can see how key words
such as citation context, citation sentence, citation function,
sentiment analysis, intention analysis,

classification, and citation summarization are related.
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Fig. 1. Analysis result of author keyword
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Fig. 2. Tag Cloud based on the Keyword of research relating Citation Context

Fig. 2 below shows the tag cloud based on the keywords
extracted from the research articles. It suggests that citation
phrase, citation sentence, citation function, sentiment analysis,
citation summary, extraction, identification, categorization,
network, and information searching are emphasized around
the citation.

4.2. Analysis of researchers

Based on author information such as the author’s name,
occupation and co-authorship, we identified the central
author and groups.

Fig. 3(a) shows the co-occurrence matrix and Fig. 3(b)
is the network of co-authors produced by the matrix.
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Through the analysis of co-authorship among authors,
authors and institutes that play a main role in this research
area, were revealed to be University of Michigan
(Department of EECS and School of Information: Dragomir
R. Radev, Vahed Qazvinian) and University of Maryland
(Human Language Technology Center of Excellence
Bonnie Dorr,David Zajic) in USA and University of
Cambridge (Natural Language and Information Processing
Group: Simone Teufel, Anna Ritchie) in UK. Specifically,
the research partnership between University of Michigan and
University of Maryland was strong as a result.

5. DISCUSSION

The citation function analysis can help us understand the
meaning and purpose of citations included in research
publications by extracting them with diverse methods, and
this result can be utilized to further understand the research
articles, evaluate the quality of publications, and enable the
systematic search of articles. The citation function analysis
can also allow us to analyze the research trend and any
possible relationship among different research fields.
Therefore, it is very important to understand the exact
intention of citations in his/her publication. In order to better
understand this, it is necessary to examine the physical and
logical locations of citations, as well as analyze the citation
sentences and phrases.

6. IMPLICATION

This research suggests that the citation context analysis
method can help us understand the current trends of research
with better contextual information. In addition, the future
research can suggest how the citation analysis based on
citation context can be applied into research information
services. Specifically, the citation summary service can
enable scholars to access the citation summary directly
without reading each citing research article, and it can
expedite the process of research work further.

7. CONCLUSION

The traditional quantitative bibliometrics by counting
the number of citations have limitations, and the context-
based citation analyses methods emerged as important
bibliometrics methods that analyze research articles based on

citation analysis, citation summary, and qualitative evaluation.

This research analyzed the relevant research articles to
identify major scholars, keywords, and their key findings.
This research shows that there are a number of research
approaches to context-based citation analyses; however, the
existing studies in context-based citation analyses are in the
beginning stages, and many of them only provide prototypes
rather than reliable services. This research also provided the
processes of actual applications of context-based citation
analyses based on the prior research findings.

We believe that context-based citation analyses services
for citation purpose and summary will be available in
academic research databases, and it would be possible to base
the citation search service on citation relationships in the
future. This citation analysis service focusing on citation
purposes and summary enables researchers to increase their
research productivity by providing effective information
searches.
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