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This study not only analyses the centres of research in
Information Science (IS), including the migration of
central topics and central countries, but also analyses
the relationship between the shifting of centres of
research and their transformation. In addition, this
study explores the relationship between the formation
of the centre of research and the academic influence of
the country on IS itself. We collected 25,150 articles,
including 313,293 references about citation analysis,
from databases SCI-E and SSCI between 1977 and
2016 as our data source. The following findings were
obtained through this study: the transfer (transfer
time) of central research topics in the IS domain has
accelerated, from 12 to 8 years between 1980 and
1990, to 6 to 4 years between 2000 and 2010, and to 3
years between 2011 and 2016. The number of central
research topics has also grown, from one between
1997 and 2006, to two from 2006 to 2013 to three from
2013 to 2016. The geographical centres of IS research
were the US and Britain between the 1970s and 1980s,
but gradually migrated through neighbouring coun-
tries, and finally to Asia by 2000. China, which
became the centre of research for IS in 2005 for the
first time, has been ranked first since 2011. In addi-
tion, countries acting as centres of research enjoy not
only a high output of literature but also great academic
influence. The theoretical and practical implications
of our findings are discussed.

Keywords: CiteSpace software, Information Science,
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EXPLORING the rules in the development of science is
an important topic in scientometrics. Understanding the
objective laws of the development of science can be un-
dertaken from two aspects, namely, the development rule
of science itself and the relationship between scientific
development and the external environment. In terms of
the former aspect, Fremont Ryder, an American librarian,
and Derek John de Solla Price, a scientometrician,
founded the rule of accelerated growth of scientific litera-
ture in the 1940s. Since then, other researchers have also
proved that the growth in the number of scientific
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achievements, disciplines, scientific research funds and
researchers are all increasing. Between the 1960s and
1970s, Mintomo Yuasa, a Japanese historian of science,
and Zhao Hong-zhou, a Chinese scientometrician, re-
vealed the transfer law of the centre of scientific activity
and calculated the period of scientific prosperity of each
country (namely, their period of being a centre of
research) respectively, and independently through stati-
stical analyses of major scientific achievements. This fol-
low-up study proves the relationship of disciplines with
regard to the shifting time and the geographical distribu-
tion of centres of scientific activity. With rapid develop-
ment and growing complexity of science, research topics
in different fields are changing at an accelerating rate,
and the number of research institutions is increasing con-
tinually. Then, does the migration of centres of research
in Information Science (IS) also have its own rule? What
is the relationship between the change in topics of re-
search and the migration of its geographical centre?

The era of big data has had a great impact on conven-
tional research in IS. With rapid development in informa-
tion technology and internet technology, in particular, IS
shows a tendency toward new development and rapid
changes (such as new paradigms, objectives, methods of
research and new analysis tools). Computer technology
plays an important role in more than two-thirds of the
research fields in IS'. This reveals a significant
knowledge flow from computer science to information
science’. The research objective of information science
has shifted from one main source, namely, paper publi-
cations, to multiple information sources including
electronic texts, internet data, physical data, video and
audio.

Based on traditional mathematical statistics, mathemat-
ical modelling, and classical literature laws, diverse
research methods in relation to computer-aided analysis
have been developed. For example, content analysis,
experiments, and theoretical approaches are extensively
applied in this field’. The research level has also shifted
from the analysis of information retrieval and text
structure to in-depth analysis, including analysis of
contextual content and latent semantics®. In recent years,
the amount of research literature on IS has increased
rapidly, and new trends and front topics of research are
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constantly emerging. Moreover, the distribution of
institutions and countries producing this research is
changing rapidly.

This study conducts an in-depth and comprehensive
analysis that is not only a visualization of the evolution
of research topics in IS but also a comparative analysis
of central topics and central countries by answering the
following: (1) What is the relationship between changes
in the central research topic and the country as centre of
research? (2) What is the relationship between the
country as centre of research and its academic influence
on IS?

Related work
Transfer of active science centre

W. C. Dampier, a British historian of science, put forward
the idea of a ‘world science centre’ in his work ‘A Histo-
ry of Science and its Relations with Philosophy and
Religion’. In 1954, Bernard introduced the idea of a ‘cen-
tre of technological and scientific activity’ in his book,
Science in History, and enumerated the laws of the trans-
fer of centres of technological and scientific activity in
history. Inspired by this book, Yuasa® discovered the rule
of the transfer of centres of scientific activities: a country
whose scientific achievements account for over 25% of
the total achievements in the world in the same period
can be defined as a centre of scientific activity. Scientific
prosperity means the period in which a country is a world
centre of scientific activity.

Zhao® also discovered this phenomenon. In 1985,
he pointed out the optimum age for making scientific
discoveries through statistical methods, and formulated
an experiential formula involving the number of scientific
achievements, the number of scientists, and their respec-
tive ages, and explained the Yuasa Phenomenon to
some extent’. Liang et al.® explored the geographical and
chronological characteristics of shifts in the world’s
centre of scientific activity on the basis of 4087 records
retrieved from two chronological tables about the history
of science and technology. By comparing the shifting
times of the world’s discipline centres and science
centres, they revealed the relationship between leading
disciplines in countries (including Italy, UK and
USA) and ‘excavation-worthy’ disciplines. They also
explored the internal mechanism of shifts in world
science centres.

With the accelerating development of scientific
research and cognitive activities, cross-region and cross-
nation scientific collaboration is increasingly popular,
and collaborative research is generally cited more often
than research by a single author’. With the increasingly
blurred boundaries of the centres of scientific activity, it
is obvious that many countries may become the world’s
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centre of scientific activity jointly. Disciplines constitut-
ing the complex knowledge system of science, research
topics, and geographical distribution of the field are also
changing and transforming rapidly.

According to Bernard, who put forward the concept of
a ‘centre of technological and scientific activity’, this re-
search proposes a concept related to research centres in
the IS discipline that includes a central research topic and
central research location, that is, the institution or country
that generates the central research topic. Yuasa and
Hong-Zhou Zhao introduced the quantitative standard for
research centre certification: to qualify as a research cen-
tre, its scientific achievements must account for more
than 25% of the world’s total scientific achievement dur-
ing the same period of time. This standard is widely ac-
cepted and recognized.

However, previous scientometric and visualization
analysis of the IS field mainly focused on the research
topics, the research frontiers and the evolution of IS
through citation analysis method (DCA or ACA), and did
not reveal the relationship between central research topics
and geographical locations (or institutions). Additionally,
the research also did not mention the relationship
between central research topic, and the academic influ-
ence of the geographical location.

Therefore, the purpose of this study is to know the
relationship between the change of central research topic
and the migration of the geographical centre of research
in IS through scientometric analysis and visualization of
IS research topics during the years 1977-2016. Addition-
ally, the study also reveals the relationship between the
country as centre of research and the overall academic
influence of these countries in IS.

Therefore, as shown by Yuasa’ and Zhao', this study
also uses 25% as the selection criteria. Then, the top 25%
clusters of research topics in one year are the central re-
search topics of that year. The size of a cluster can be
calculated through the amount of literature in each clus-
ter. A research topic whose size accounts for over 25% of
the total cluster for one year can be defined as a central
research topic for that year. Then, we extract the distribu-
tion of institutions and countries that produced the most
literature as geographical research centres.

Scientometric analysis in IS field

Science mapping based on scientometric methods is also
an important topic of research in the fields of sciento-
metrics and IS. Researchers study the knowledge struc-
ture and dynamic evolution of IS through related
scientific literature of IS. The number of related research
articles on the evolution of research topics and research
fronts has increased rapidly. The data analysed in the
literature above was mainly derived from 12 core jour-
nals. The previous author co-citation analyses used these
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Table 1. Related research of information sciences using 12 core journals

Study Period Data Analysis Topics or sub-field

White and McCain'! 1972-1995 12 core journals ACA Experimental retrieval, practical retrieval, citation

White'? 1972-1995 12 core journals  Pathfinder networks analysis/bibliometrics, citation theory, scientific/
scholarly communication, user theory

Zhao and Strotmann'* 1996-2005 12 core journals  ACA, FA User theory, evaluative citation analysis, experimental

Zhao and Strotmann'® 1996-2005 12 core journals ABCA retrieval, Webometrics, Science communication,

Zhao and Strotmann'® 1996-2005 12 core journals  All-author-based visualization of knowledge domains, user’s

ACA judgements of relevance webometrics, image

retrieval, web searching

Ibekwe-SanJuan'’ 1996-2008 12 core journal Text mining Automated information retrieval, web-based studies,
citation studies, vector space, open
access, Google scholar and h-index

Klavans'® 2001-2005 12 core journal Coco analysis Citation analysis, information retrieval, information
behaviour

Chen et al.* 1996-2008 12 core journals  Multiple co-citation H-index, Interactive Information retrieval,
academic web, Information retrieval,
citation behaviour

Klavans and Boyack™ 2000-2008 12 core journals DCA, local and Information seeking behaviour, scientometrics,

global map co-citation analysis, citation behaviour,

computer-enhanced retrieval

Zhao and Strotmann'® 2006-2010 12 core journals ACA, ABCA H-index, information behaviour, mapping of
science, webometrics, relevance, IR systems,
IS theories and foundations

Yang et al.” 20062015 12 core journals AKCA IR, patent analysis, open access, mapping of

science, bibliometric evaluation

journals to define the IS research field and are expected
to be updated in present studies (Table 1)'°.

The main research methods include document co-citation
analysis (DCA), author co-citation analysis (ACA),
co-word analysis and cluster analysis. Information visua-
lization and science mapping tools can be used to
explore issues such as the evolution of research topics,
research fronts and hotspots of IS from different perspec-
tives. White and McCain'' were the first to analyse the
research topics of IS through 12 core journals. They ana-
lysed research topics between 1972 and 1995 through
ACA. Subsequent studies'®'*" revealed the research
topics of IS in different periods. This study applied dif-
ferent citation analysis methods to explore the research
topics and knowledge structures of IS, conducted science
mapping for different periods, and manually identified
the research topics and knowledge structures of IS. This
study claims that the IS domain can be divided into two
camps: information retrieval/seeking and citations/
bibliometrics. In recent years, some studies have also ex-
plored new research topics such as the H-index, informa-
tion behaviour, science mapping, web metrics, patent
analysis, open access and bibliometric evaluation'®"’,

Some researchers chose different journals to define the
research topic of IS. White and Griffith® put forward
ACA, mapped and visualized an authors group with 39
representative authors, and revealed the knowledge struc-
ture of IS with five main author groups. Adopting litera-
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ture published in five IS journals between 2002 and 2004,
Janssens er al.>'*? analysed research fronts of IS through
a full-text analysis. There were four clusters in total with
different topics including bibliometric research, informa-
tion retrieval research, web metrics and patent analysis,
the last two being new clusters. Selecting eight IS core
journals through journal co-citations, Besselaar and Hei-
meriks> put forward a co-word analysis based on JASIST
with a method of word-reference co-occurrences to ana-
lyse the knowledge structure of IS between 1986 and
2002.

Astrom'? took 21 IS journals as his data source and
detected the research front topics of IS between 1990 and
2004, including information searches and information
retrieval. Milojevi'c et al.'® took IS journals as a dataset
and revealed the cognitive structure of library and IS by
composing a suite of analyses of words in article titles.
The result showed that IS has three main branches:
libraries, information and science. Some researchers
chose JASIST, the most representative journal in the IS
domain, as a database, to analyse the knowledge structure
of IS*. Chang and Huang® adopted 580 highly cited stu-
dies of IS and found that the research fronts of IS
between 1995 and 2014 mainly included information
retrieval, web searches and bibliometrics.

Lei and Yan” analysed the readability of abstracts and
full texts of articles published in four journals of IS from
2003 to 2012. Khasseh et al.®® studied the intellectual
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Table 2. List of the 12 core journals recorded by Web of Science
Journal title Period Amount of literature
ARIST 19662011 550
Electronic Library 1984-2016 2907
Information Processing and Management 1963-2016 3603
Information Technology and Libraries 1982-2016 1670
Journal of Documentation 19452016 3986
Journal of Information Science 1979-2016 2059
JASIS/JASIST 19702016 6200
Library and Information Science Research 1984-2016 1349
Library Resources and Technical Services 1957-2016 3069
Program-Automated Library and Information Systems 1979-1996 995
Program-Electronic Library and Information Systems 19812016 1504
Scientometrics 1978-2016 4747

Note. The journal ARIST was started in 1963 and stopped in 2012. The journal Program-Automated
Library and Information Systems was started in 1979 and stopped in 1997. Information Processing and
Management was started in 1963, renamed Information Storage and Retrieval during 1963-1974, and
changed back to the original name in 1975. JASIS/JASIST started in 1950 was included in the database in
1970. 1t was renamed Journal of the American Society for Information Science between 1970 and 2000,
Journal of the American Society for Information Science and Technology in 2011 and Journal of the
Association for Information Science and Technology in 2014.
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Figure 1. Change in the total number of articles published in the 12 core journals.

structure of iMetrics during the period 1978 to 2014 using
data from Scientometrics, the Journal of Informetrics and
relevant articles in six journals. This study took docu-
ments from different specified periods as the overall
object to analyse the research topics and research fronts
of information science in different periods. The research-
ers proved that the main topics and subject areas of IS
have been evolving'’.

Data and method
Data collection

From the existing research, majority of metrological ana-
lyses of the definition, knowledge structures, and re-
search topics of IS used 12 core journals of IS as the data
source, in spite of some deficiencies”’. However, those
researchers made long-term tracking studies of IS with
data retrieved from these journals and through similar
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methods'’. Since journals are dynamic and changing,
there is no constant ranking of journal influence. In order
to maintain the relative consistency and continuity of data
samples, the sample data were selected from the repre-
sentative 12 core journals that had been widely recog-
nized for a relatively long time. This paper also takes
these 12 journals as data sources for the comparative
analysis of the evolution of IS.

The dataset used for the present study includes 12 core
journals of IS recorded in the database from Web of
Science (WoS; Table 2). A total of 32,639 records were
retrieved from these journals starting from their first pub-
lication until 2016 (Figure 1). The resultant dataset
includes 19,496 articles, accounting for 59.73% of the
total references, and 7674 book reviews, accounting for
23.51%. The remaining 5469 records account for 16.76%
of the total number of records that include literature related
to Biography, Unspecified, News, Case Reports, Edito-
rials and others.
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Methods and tools

Although an increasing number of research studies
employ ACA in identifying research topics of IS or other
subfields, and there are many advanced methods such as
author direction citation analysis (ADCA), author
keyword coupling analysis (AKCA), and author biblio-
graphic coupling analysis (ABCA), DCA is capable of
producing more detailed results. Moreover, explaining
DCA is easier than explaining ACA because DCA is
more specific while ACA covers a larger range’. The
knowledge structure of a research field can be detected
through cluster analyses in DCA. Because of the mapping
relation between the references and cited documents, the
cluster results of document co-citation and the topic
words of the cited documents also have a mapping rela-
tion. Therefore, the topics of the cited documents can be
used to label academic communities and scientific know-
ledge structures of the research field displayed by DCA.

This study employs CiteSpace to extract topic words
and map them to the document co-citation cluster, display
them by visualizing knowledge mapping, and detect the
research topics of IS year by year more precisely. Based
on this mapping relation, the distribution information of
the institutions and countries that produced these cited
documents mapping the central research topics can be
extracted, analysed by Google Fusion Table, and visua-
lized on Google Maps. Google Fusion Tables display the
distribution of these research institutions and countries,
and also provide maps of hot regions among these coun-
tries and institutions.

CiteSpace is a software system developed by Chaomei
Chen from Drexel University and is based on the Java
programing language. It is an information visualization
application used for multiplex, time-sliced, dynamic
complex network analysis’™*'. CiteSpace is mainly ap-
plied to detect and analyse trends of changes in the re-
search front of a knowledge domain, the relationship
between the research front and its knowledge base, and
the internal relations between different research fronts.
Through a visualized analysis of IS, researchers are intui-
tively able to identify the path of evolution of research
topics and the classical primary literature of the know-
ledge domain. This paper adopts CiteSpace to draw doc-
ument co-citation network mapping in the field of IS year
by year, and employs spectrum cluster analysis to conduct
a cluster analysis of the co-citation network. A clustering
algorithm has a distinct advantage in identifying the op-
timal number of clusters. Moreover, the cluster is set
upon the basis of the topological structure and the link
strength of DCA (ref. 4).

Google Fusion Tables is an online platform provided
by Google for data management and visualization appli-
cations. It is convenient for saving, managing, co-editing,
visualizing and sharing data tables online. It can also
visualize the geographical distribution of big data®**.
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(https://www.google.com/fusiontables/data?dsrcid=implicit).
We apply CiteSpace first to extract the information of the
institutions and nations that produced the cited articles on
central research topics year by year, and then apply
Google Fusion Tables to further visualize and analyse the
geographical locations of this data. The steps are as fol-
lows: (1) Use CiteSpace to clean and remove duplicate
data downloaded from the database. (2) After cleaning,
input data into the layout of ‘Generate Google Earth
Maps (KML2.0)’ under the Geographical menu linked to
CiteSpace (Figure 2). (3) After Google Earth processes
all of the data, input the comma-separated values files
(.csv) in Google Fusion Tables year by year for visualiza-
tion display and analysis (Figure 3). (4) Transform com-
ma-separated values documents into Microsoft Office
Excel (.xlsx) documents if any error message appears

when analysing comma-separated values documents
through Google Fusion Tables.
|£] Google Earth KML Generator v. 2.0 - (c) 2006-2016 Chaomei Chen = [m] X

1. Specify the Time Frame
From Year [1945 | To Year [2016

2. Select the Directory of Input Data in Field Delimited Format

Data Directory [C:\Users\AdministratoriDesktop\data\b | [ Browse

3. Select the Scale of the Map You Want

Map Scale ) Small @ Medium ) Large

Options

[v] Show Links [v] Refresh Previously Generated Files

Transparency 00 (clear) - ff (opaque) Nodes: |aa \Lmks: 33

Make Map

Figure 2. Setup interface to generate Google Earth maps.

Import new table

B#FEXH | locations-2009.csv

|| From this computer
= :
Separator character ® Comma  Tab  Colon * Other

_d Google Spreadsheets

a Create empty table

Character encoding = auto-detect v

You can upload spreadsheets, delimited text files (.c SV, C
xt), and Keyhole Markup Language files (kml) Learn more

Or search public data tables

New to Fusion Tables? Cancel
Take a peek! Play with a data set or try a tutorial

Figure 3. Setup interface of Google Fusion tables.
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Table 3. List of research topics in IS domain year by year and leading institutions in publishing these research topics
Year Cluster identifier (size) Central research topics Main institutions
1977  Bibliographic data-base (15%) Information retrieval technique University of Michigan, University of Ibadan,
Information-processing standard (13%) Aston University, University of London, University of
Illinois
1978  Online system (24%) University of California, University of Wales,
Library resource sharing (18%) University of Alberta,
Massachusetts Institute of Technology, University of Illinois
1979  Non-book materials (18%) University of Illinois, St John’s University, Clarkson
Model-based online management University, University of California, George
information-system (17%) Washington University
1980  Scientific journal (17%) University of Sheffield, University of Pennsylvania,
Information technology (16%) Institute for Scientific Information (Philadelphia, US),
University of Western Ontario, University of Illinois
1981  Online information-retrieval Louisiana State University, Politechnika Wroctawska
system (6%) (Poland), Massachusetts Institute of Technology,
Probabilistic model (6%) University of Massachusetts, Osaka Prefecture University
Departmental library (6%)
Boolean retrieval-systems (5%)
Library network (4%)
1982  Subject analysis (29%) University of Western Ontario, University of Toronto,
University of Wisconsin, University of Copenhagen,
University of Sheffield
1983  Budget preparation (16%) Hungarian Academy of Sciences, University of North
Scientific activities (14%) Carolina, City University of London, University of
Bradford, University of California
1984  Quantitative studies (9%) Drexel University, University of Southern California,
Database management system (9%) Vanderbilt University, Louisiana State University,
Information-retrieval system-design (8%) University of Illinois
1985  Personal information-systems (12%) Institute for Scientific Information
Online public-access catalog (8%) (Philadelphia, USA), Hungarian Academy of Sciences,
Fuzzy-set applications (7%) Flushing University, Louisiana State University,
Leiden University
1986  Retrieval performance (17%) University of California, City University of London,
Bradford law (17%) University College Dublin, Hungarian Academy of
Sciences, Cornell University
1987  Retrieval technique (22%) University of Western Ontario, Hungarian Academy of
Sampling properties (16%) Sciences, Louisiana State University, University of
North Carolina, University of Amsterdam
1988  Online retrieval systems (14%) The State University of New Jersey, University of Sheffield,
Foreign-language barrier (12%) University of Michigan, University of Western Ontario,
Indiana University
1989  Scientometric study (11%) Scientometric study University of Sheffield, Drexel University, Leiden
System-design (10%) University, University of Western Ontario, Indian
Bradford distribution (9%) Institute of Chemical Biology
1990  Bradford law (15%) City University of London, University of California,
Knowledge organization (14%) Washington University, University of Western Ontario,
University of Osnabriick
1991  User interface (17%) Information retrieval system University of California, University of North Carolina,
Database model (13%) University of Maryland, University of South Carolina,
University of Sheffield
1992  Bibliographic retrieval-system (15%) University of Maryland, University of California,

Frequency-distribution (14%)

University of North Carolina,, University of Wales,
Instituto de Informacién y Documentacion en Ciencia
y Tecnologia (Spain)
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Table 3. (Contd)
Year Cluster identifier (size) Central research topics Main institutions
1993 Information retrieval (18%) The Catholic University of America, University of

1994

1995

1996

1997

1998

1999

2000

2001

2002

2003

2004

2005

2006

2007

2008

2009

Technical service (14%)

Document retrieval (11%)
Retrieval system (10%)
Informetric distribution (9%)

Displaying online catalog postings (16%)

Scientific literature (15%)

Information retrieval (11%)
Document retrieval system (11%)
Document retrieval (9%)

Search interface (18%)
Similarity measure (14%)

Searching bibliographic information
retrieval systems (14%)
Optimizing similarity (11%)

Author co-citation analysis (19%)
Document retrieval (18%)

User-centred interface (13%)
Information retrieval (13%)

Query expansion (13%)
Critical view (12%)

Relevance judgement (15%)
Relevance criteria (11%)

Open source software development (16%)

Electronic publishing (15%)

Retrieval system (10%)
Search engine coverage bias (8%)
Critical view (7%)

Research performance (14%)
Retrieval system (12%)

Knowledge management (13%)
Bibliometric information (12%)

Human information behaviour (15%)
H-Index (12%)

Information ethics (11%)
Science system (9%)
H-Index (8%)

Information retrieval (13%)
International scientific
collaboration (12%)

Massachusetts, University of North Carolina,
Dalhousie University, Korea Advanced Institute of
Science and Technology

University of North Carolina, Indiana University,
University of Michigan, University of California,
Wroclaw University of Technology

Hungarian Academy of Sciences, Leiden University,
University of Maryland, University of Tampere,
Indiana University

University of California, University of North Texas,
University of Sheffield, Cornell University, University
of Copenhagen

University of North Carolina, City University of London,
University of Illinois, University of Chicago,
University of West Ontario

University of Arizona, University of Pittsburgh,
Louisiana State University, Concordia University,
University of North Carolina

Author co-citation analysis University of Sheffield, University of Illinois,
Indiana University, Universidad de Granada,
University of New South Wales

Information retrieval behaviour Concordia University, University of Tennessee,
McGill University, Loughborough University,
Lancaster University

University of North Carolina, Leiden University,
Drexel University, University of Tampere,
Hungarian Academy of Sciences

University of North Carolina, University of Tennessee,
McGill University, City University of London,
Drexel University

University of Wolverhampton, Indiana University,
University of West Ontario, Royal Netherlands Academy
of Arts and Sciences, University of Amsterdam

University of Wolverhampton, University of West Ontario,
University of Sheffield, The Hebrew University of
Jerusalem, University of Arizona

Transnational University Limburg, University of
Pennsylvania, McGill University,
University of Wolverhampton, University of Amsterdam

Information behaviour, H-index =~ University of Wolverhampton, University of Amsterdam,
University Hasselt, Leiden University, KU Leuven

University Hasselt, Indiana University,
Rutgers University, University of Copenhagen,
University of Amsterdam

University of Wolverhampton, University Hasselt,
Swiss Federal Institute of Technology Zurich, KU Leuven,
University of Amsterdam

University of Pennsylvania, University of Copenhagen,
University of Sheffield, University of Tampere,
University of Amsterdam
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Table 3. (Contd)
Year Cluster identifier (size) Central research topics Main institutions
2010  Bibliometric mapping (14%) Science knowledge University of Amsterdam, Indiana University,

Information literacy (12%)

2011  H-Index (23%)
Bibliometric index (10%)
2012  Citation networks (13%)
Semantic patent analysis (12%)
2013  Probabilistic clustering (13%)
Scholarly monograph (13%)
2014  Scientometric indicator (14%) Scientific indicators, scientific
Social networking site (12%) collaboration, altmetrics
2015  Scientific collaboration (13%)
International collaboration (12%)
2016  Twitter count (14%)

Nanotechnology research (13%)

University of London, University of Pennsylvania,
Leiden University

H-Index, citation network analysis Indiana University, University of Amsterdam,

Politecnico di Torino Polytechnic University of Turin,
University of Hasselt, India Academy of Sciences

University of Amsterdam, Indiana University,
University of Tokyo, Seoul National University,
Chinese Academy of Sciences

University of Amsterdam, Indiana University,
Nanyang Technological University,
University of Sheffield, Dalian University of Technology

Max Planck Society, University of Granada,

University of Copenhagen, Nanjing University,
CSIR National Institute for Interdisciplinary
Science and Technology (India)

University of Wolverhampton, Drexel University,
University of Chinese Academy of Sciences,
Polytechnic University of Valencia, Max Planck Society

Max Planck Society, Institute for System Analysis and
Computer Science (National Research Council of Italy),
University of Wolverhampton, DZHW - German Centre
for Higher Education Research and Science
Studies (Germany), Chinese Academy of Sciences

Note: From 1977 to 1979, only four countries were extracted from the literature of central topics. China, when mentioned here and in the following
paragraphs, includes Hong Kong, Macao, Taiwan, and the United Kingdom includes Scotland, Northern Ireland and Wales.

Results
Change in the central research topics

This paper employs CiteSpace software, selects ‘Cited
Reference’ under the ‘Node Types’ menu, selects ‘Top N’
under the ‘Selection Criteria’ menu, sets the threshold to
Top 100, and conducts DCA and cluster analyses on lite-
rature between 1977 and 2016, year by year. The cluster
results of each year are arranged from highest to cluster
size (including the number of nodes), accounting for over
25% of the total research topics of that year (Table 3).

On the whole, the main research topics of IS still focus
on two camps, namely, information retrieval and know-
ledge domains'®, with the former being the mainline of
research in this field. Between 1977 and 1988, the
research topics were centred on information retrieval
techniques including bibliographic databases, information
processing standards, information technology, subject
analysis, and retrieval techniques, with emphasis on the
study and solution of problems about information retrieval
techniques.

In 1989, the scientometric study became the main topic
of information science for the first time. One reason is
that scientometrics developed rapidly from the 1970s to
the 1980s, within scientometrics analysis of document in-
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formation in an important part’. Another reason is that
scientometrics methods have been extensively used in
information processing technology such as information
retrieval. Between 1991 and 1998, the main research
topic was information retrieval systems, including docu-
ment retrieval systems, online catalog postings, similarity
measures and optimization. Research topics in this
period started to transfer from information retrieval tech-
niques in the last period to the systematization of infor-
mation retrieval.

Since the 1990s, with the rapid and explosive devel-
opment of information, searching useful information
accurately and efficiently has attracted the most attention
in the field of IS. In 1999, author co-citation analysis
became the main research topic for the first time. Author
co-citation analysis was first put forward by White and
Griffith®®. White and McCain'' studied the knowledge
structure of IS through an author co-citation analysis
based on 12 IS core journals, and exerted great influence
on the follow-up methodology of IS.

After 2000, the central research topics of IS changed
even faster, and multiple central research topics emerged
during the same period. The central research topic bet-
ween 2000 and 2005 was information retrieval behaviour,
including user-centred interfaces, query expansion and
relevance judgment. Because of the great influence of

429



RESEARCH ARTICLES

1.H-index

.information ethics
Linformation literacy
Linformation retricval
.science system

.human information behavior
knowledge management

.Bibliometric index

.citation networks
.semantic patent analysis
.probabilistic clustering

A 4

Y

A similarity A Information | |A.H-index
A scientometric measure & behavior A citation
study optimizing A H-index networks
1988 1998 2005 >
- 4 - A 4 5 h 4 2(310 \ 4 20“6= Central tOplG
1977 1990 4 1999 2009 2013 :
A .Information A Information A Information A Scientific A ScientometricIndicator
retrieval retrieval retrieval knowledge A .International Collaboration
technology system behavior map A Altmetrics
‘ 1 1 1
1. bibliographic data-base | |1.document retrieval system |1.user-centered 1.scientometric indicator
. information-processing | J2.online catalog postings interface 2.international collaboration
standard 3.similarity measure & 2.query expansion 3.scientific collaboration
. information technology optimizing 3.Relevance Lcitation count
. subject analysis judgment 5.citation network

. retrieval technique

Figure 4. Evolution map of central research topics.

information retrieval techniques on users and society,
researchers inevitably paid more attention to the deve-
lopment of information retrieval techniques. Information
retrieval behaviour not only developed in the field of
technology, but was also integrated and developed in
culture and society.

Between 2006 and 2009, there were two central
research topics: (1) information behaviour (human infor-
mation behaviour, information ethics, information litera-
cy, and information retrieval), and (2) H-Index (H-index,
science system and knowledge management). In 2006,
with the further development of information and network
technology, information behaviour, information ethics,
and information ability became the focus of researchers.
Meanwhile, the H-index, as the quantitative research on
science, became the central research topic during this pe-
riod. Hirsch®® put forward the H-index for the first time,
and exerted a great influence on research related to IS and
scientometrics. As a scientific quantitative evaluation
index, the H-index has been applied and developed rapid-
ly. In 2007, the H-index became a central research topic
of IS and ranked first among all research topics in 2011.

In 2010, science mapping became the central research
topic. With the development of information and computer
technology, the citation relations in literature could be
mapped into visualized knowledge networks, and the
efficiency of analyses of scientific knowledge structure
was also greatly improved. Information and computer
technology was vital in related analyses of information
retrieval and knowledge domains.

In 2011, the central research topic of IS shifted to the
study of technology and methods. Two central research
topics in the period 2011-2013 were (1) the H-Index (H-
index and bibliometric index) and (2) citation network
analysis (citation networks, semantic patent analysis and
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probabilistic clustering). Three central research topics
emerged between 2014 and 2016: (1) scientometric indica-
tors (scientometric indicators and social networking sites),
(2) scientific collaboration (scientific collaboration and
international collaboration), and (3) altmetrics (Twitter
count) (Figure 4)*7*!,

Geographical migration of centres of research

Central research institutions are sampled according to the
number of annual publications that are related to the central
topic. The top five are selected as the central research in-
stitutions in each of the sample periods, and are listed in
Table 3 from high to low. In addition, at each time point,
the number of publications of the top-five central research
institutions that are related to the central topic must
exceed 25% of the total number of publications that are
related to the central topic during the same period of time.

Similarly, research centre countries are selected accord-
ing to the number of annual publications that are related
to the central topic. The top five are selected as the cen-
tral research countries in each of the sample periods and
are listed in Figure 5 from high to low. In addition, at each
time point, the number of publications of the top-five
research centre countries that are related to the central
topic must exceed 25% of the total number of publica-
tions that are related to the central topic during the same
period of time.

Research centre countries and research centre institu-
tions may or may not be correlated. There are three major
situations when research centre countries are on the list:
(1) A country has developed few institutions engaging in
related research, but these few institutions have many
publications, resulting in a high overall publication
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output in the country as a whole. Hence, the country is
listed as a central research country. In this case, the high-
output institution is also likely listed as a central research
institution. (2) A country has developed many institutions
engaging in related research, but the individual publica-
tion output of each institution is relatively low, resulting
in a high overall publication output in the country as a
whole. Hence, the country is listed as a central research
country. In this case, although the country is listed as a
central research country, the institution in the country is
not listed as a central research institution. (3) A country
has developed many central research institutions that
have many publications, resulting in a high overall publi-
cation output in the country as a whole. Hence, the coun-
try is listed as a central research country. Its high-output
institution is also listed as a central research institution.
As far as central research institutions are concerned
(Table 3), institutions as research centres of IS change
every year. However, these institutions were located
mainly in the USA and UK before the 1990s and included
the University of Sheffield, Drexel University, Indiana
University, and the University of North Carolina. Since
the 1990s, an increasing number of institutions from
other countries have become research centres. For exam-
ple, McGill University in Canada, the University of
Copenhagen in Denmark, the University of Amsterdam in
The Netherlands, the Hungarian Academy of Sciences,
and the University of Tampere in Finland all became cen-
tres of research between 1991 and 2008. From 2009 to
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the present, major institutions as centres of research, in-
cluding the University of Amsterdam in The Netherlands,
the University of Wolverhampton in Britain, and the Max
Planck Society in Germany have been playing active
roles. In 2012, the Chinese Academy of Science became a
centre for research for the first time, followed by Dalian
University of Technology in 2013.

Research centres of IS were located in the United
States during the 1970s and then migrated gradually to
other countries. Between 1977 and 1987, countries as
centres of research mainly included the US, Britain, Can-
ada, Hungary and Sweden, but this group was still domi-
nated by the US and Britain. Asian countries began to be
involved in 1981, including Japan, South Korea, India,
and China, among which Japan, South Korea and India
were only included several times intermittently without
outstanding performances. The status of China in this
research field became prominent after 2005.

Hungary was ranked from 1983 to 1987. The Nether-
lands was ranked between 1985 and 2000, but did not get
a core position until 2001. During 1988-2000, the domi-
nant countries in IS were US and UK. Other prominent
research countries included Canada, the Netherlands, and
Italy. During 2001-2010, the dominant countries in IS were
still US and UK, But other prominent research countries
included the Netherlands, China, and Canada. The Neth-
erlands had increased its position in the field of IS.

From 2011 to 2016, the leading countries of major
research institutions of IS migrated from the US and Britain
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to China and the US. At present, the leading countries as
major research centres of IS mainly include China, US,
Spain, The Netherlands and Britain. China has been play-
ing an important role with its research centres of IS since
2005, and ranks first in the research of key topics in IS.

Relationship between the changes in central
research topics and the migration of central
research country

Changes in central research topics have a close relationship
with the rise of the country as a centre of research, and a
change in the central research topic may lead to a change
in the ranking of the country as a centre of research.
Conversely, a change in the ranking of the country as a
centre of research may lead to a change in the central
research topic. For example, the central research topic
during 1997-1998 is IRS. The top ranking research cen-
tres were University of North Carolina and University of
Arizona. The central research countries were the United
States, Britain, Canada, The Netherlands and Italy. The
central research topic during 2001-2005 was IRB, and
although the research institutions changed every year, the

Iceland

Greenland

Ieeland

Figure 7.
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research centres remained the United States, Britain, The
Netherlands, China and Canada. The central research top-
ics during 2006-2009 were Information Behaviour and
H-Index. No new countries had entered the ranks of cen-
tres of research, but the ranking of central countries had
changed, for example, China’s ranking had risen year by
year. The central research topics have changed twice
during the years 2011-2015, but the leading countries as
centres of research have not changed. China remains first
and the United States second. However, the ranking of
counties as centres of research has changed. Since 2011,
H-index has become a central research topic, and the
country as a major centre of research has shifted to China
and continues to the present.

Further looking into the formation characteristics of
central research countries, we analyse the distribution of
hot regions in the IS field through Google Fusion Tables.
The number of research institutions extracted between
1997 and 2016 increased with each passing year
(Figure 6).

We can visualize the distribution pattern of relevant
research institutions from 1997 to 2016 as shown in Fig-
ure 7a. The hot regions in the IS field gradually shift
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Figure 7. Distribution maps of institutions of information science. a, 1997; b, 2001; ¢, 2013; d, 2015.

from America and Europe to Asia, and three current hot
regions have appeared (Figure 7d). The number of IS
research institutions is growing year by year and is
spreading geographically. To begin, the number of re-
search institutions in America and Europe, such as the US
and Britain increased and then spread first to neighbour-
ing countries and then to Asian countries. Between 1997
and 2001, America and Europe were hot regions with
many research institutions. They were mainly located in
US, Britain, France and Germany. The leading institutions
included Drexel University, the University of Chicago, the
University of Illinois, the Hungarian Academy of
Sciences and the University of London (Figure 7 b).

In 2002, the hot regions began to shift to Asia, espe-
cially China and South Korea, which became research
centres in 2005 and 2013 respectively. However, the role
of South Korea is not that significant among the major
centres of research. In 2009, the number of institutions
conducting information science research in China ranked
first in Asia, exceeded that of Britain, and reduced the
gap between China and the US. Meanwhile, the hot re-
gions in Europe started to shift from Britain, France, and
Germany to Britain, The Netherlands, Belgium, and
Spain in 2002 (Figure 7 c¢). These countries all became
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top-ranked research centres a few years later. Therefore, it
can be concluded that all countries that are currently
centres of research were hot regions in the past.

Relationship between the country as a centre of
research and its academic influence

According to the distribution of institutions and coun-
tries, China, US, Britain, and The Netherlands were al-
ways ranked as centres of research between 2001 and
2006. To determine the relationships of the rank of a
country as a centre of research with the total output of
literature and the overall influence of the country, this
study compared centres of research including US, China,
and Britain with Japan and Sweden, which are not centres
of research from three aspects: total output of literature,
citation frequency and H-index. It should be noted that
the measurement of these three indicators are all from the
same sample data, that is, data of 12 core journals. The
total output of literature from China, US and Britain
exceeds 50% of the total output of literature in the world
for every year between 2005 and 2014. The output of lite-
rature from the US and Britain decreased between 2005
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and 2011, but rebounded and rose slightly after 2012. The
output of literature from China rose during 2005-2014,
exceeded that of Britain in 2009 and began to narrow the
gap between China and US. The output of literature from
China surpassed that of the US in 2014 for the first time.
The output of literature from Japan and Sweden is low in
general with a relatively stable number of publications
(Figure 8). It can be seen that the countries that are
centres of research have a high output of literature.

As for the total citation frequency of literature, the to-
tal number of citations of countries that are research cen-
tres all rise at first and then decline. The gap in the total
number of citations of different centres of research is nar-
rowing, indicating that the influence of literature of
Chinese scholars has greatly increased. There is still a
significant gap between the total number of citations of
countries that are not centres of research and those of
countries that are. The total number of citations of Japan
rose first and then declined, while those of Sweden
showed a declining trend on the whole (Figure 9).

The variation trend in the H-index is consistent with
that of the total number of citations, but is different from
that of the total output of literature. As time passes, the
H-indices of different countries decrease. However, the
H-indices of China, US, and Britain are much larger than
those of Japan and Sweden, which are not centres of
research. The H-index of China exceeded that of Britain
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in 2009, and the gap between the H-index of China and
that of the US also greatly decreased. The H-index of
Britain rebounded in 2013 and caught up with that of
China and US in 2014. It can be seen that China is play-
ing an increasingly important role in IS, with the gap
between China and the US as well as Britain in this field
narrowing. China has become a core country in the field
of IS (Figure 10). Countries that are centres of research
enjoy great influence and achieve an H-index higher than
10 in 3 to 5 years after their scientific literature in the IS
field is published.

Conclusions and discussions

This study employs information visualization tools
including CiteSpace and Google Fusion Tables to explore
the migration of centres of research in the IS field
through scientometric analyses from several perspectives
such as the evolution of research topics, and the distribu-
tion of leading research institutions and countries. We
conduct an in-depth study on the relationship between
central research topics and the countries behind them.
Therefore, we arrive at the following conclusions:

(1) Polycentric tendency of the central research topics.
The research topics from 1997 to 2006 in the IS field
were all centred on information retrieval (techniques, sys-
tems and behaviour). However, this phenomenon changed
after 2006. The central research topics began forming as
2 to 3, showing a tendency of polycentric development.
At the same time, the period of prosperity of IS research
topics was 12 to 8 years between 1980 and 1990, 6 to
4 years between 2000 and 2010, and 3 years between
2011 and 2016. This indicates that the pace of innovation
in the IS field and the evolution of disciplines are accele-
rating.

(2) The central research topic is closely related to the
migration of the country as centre of research. On one
hand, the proliferation of the central research topic
between countries caused an increase in the number of
institutions researching this topic. This then forms the ‘hot
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region’, which can promote the formation of a country as
centre of research, and change its ranking. On the other
hand, the rise of central research countries can promote
the increase of research institutions (volume of litera-
ture), breed new research topics and cause the shift of
central research topics.

(3) A country as centre of research has a positive rela-
tionship with its academic influence. By analysing the
conditions of central research countries through three
indicators (output of literature, citation frequency and
H-index) and conducting a comparative analysis of typi-
cal countries that are not research centres, this study
shows that the central research country not only has high
output of literature, but also has a high total citation fre-
quency and H-index. These nations as research centres
enjoy a high output of literature and also have great influ-
ence.

(4) China has become a research centre of IS. Research
in the IS field started to shift to Asian countries rapidly
after 2000. China became one of the top five IS research
centres in 2005 for the first time, with its ranking rising
year after year. As for research institutions, the Chinese
Academy of Sciences and Dalian University of Technology
became research centres in 2012 and in 2013respectively.

The results have several implications for researchers
and practitioners. Going by the theoretical implications,
this study presents a visual domain analysis of the
research centres of IS. Through information visualization,
it reveals that the central IS research topics turn to be
polycentric when development speeds up. Furthermore,
this study reveals the characteristics of the transfer and
the mechanism of the forming of IS research centres. For
practitioners, this study provides a reliable historiography
survey of IS research. The enhanced science mapping
procedure introduced in this paper is applicable to the
analysis of other domains of interest. Researchers can
conduct visualized analyses of various specialties accord-
ing to their needs, and effectively learn the dynamic evo-
lution of these specialties.

However, there are some deficiencies in choosing these
12 journals. First, the criteria for choosing these journals
was put forward by White and McCain according to the
impact factor SSCI of JCR in 1993. Therefore, these
journals cannot represent the current IS domain perfectly.
Secondly, some of these 12 journals have ceased publica-
tion (without data), while the Journal of Informetrics,
which launched in 2007, has developed into the core
journal of the IS field at present. Therefore, the best solu-
tion is to choose different journals in different periods to
define IS and its evolution more precisely. The two-step
method can also be considered, that is, select the most
representative core journals first, then conduct the journal
co-citation analysis for the selected journals, and select
journals as data samples according to the ranking of
co-citation frequency of co-citation results. In this study,
we do a visualization analysis of the transfer of research
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centre in information science, mainly through the method
of document co-citation analysis (DCA). Hence the anal-
ysis of data is the references of sample data, which is
highly cited literature for each year. As time changes,
high impact literature at different periods is distributed in
different high influence journals. The literature also in-
cludes highly influential journals such as the Journal of
Informetrics. Although journals such as Journal of infor-
metrics were not selected in the data selection of this
paper, this did not make a significant difference in the
results. CiteSpace can be used to label clusters automati-
cally and avoid subjectivity in research topic analysis to a
great extent. However, subjectivity cannot be completely
avoided in choosing central research topics and defining
the period of research prosperity.

Future research is expected to improve the method
used in selecting literature data to define IS. For example,
JCA can be used to select data with objective indicators
such as the average impact factors of JCR in five years.
In addition, for accurate and objective results, future
research should try to minimize subjectivity when choos-
ing core research topics. To achieve this, expert opinions
can be taken into consideration.
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