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Abstract

Spatial Network Structure of
Scientific Research Collaboration in Korea:
A Case of the Publications in Scientific Citation Index Journals
Kim, Young-Long
Department of Geography
The Graduate School
Seoul National University
In a knowledge-based economy, geographies of knowledge and economy are still
uneven. This is because, in spite of the advancements in information and
communication technology, the effect of knowledge on each region is not identical.
This study attempted to measure the unevenness of knowledge by scientific
research collaboration based on the bibliographic data of scientific publications in
Science Citation Index journals for the last 30 years (1980-2010). In particular,
each collaboration tie is regarded as a relation, and classified as inter-regional
collaboration according to 16 regions of Korea. Through social network analysis on
the data set and in-depth interviews with scientists, this study reveals the spatial
network structure of scientific research collaboration.

* This work was supported by The National Research Scholarship (Humanities·Social
Sciences area) funded by the Korea Student Aid Foundation (B00077).
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First, geographically proximate regions are similar in terms of structural
equivalence, which means that geographical proximity partially contributes to
intensifying collaboration. This is because not only scientific research collaboration
is a social interaction among scientists but also scientific research accompanies
experiments in a physical form. Moreover, proximity encourages the exchange of
tacit knowledge, which is essential for innovative research.
Second, the measure of regular equivalence suggests that each region has
distinct position in the scientific research collaboration networks. Primary regions
— Seoul, Daejeon, and Gyeonggi — are regularly equivalent, which means they
constitute regional hubs in the network. The large pool size and diversity of
scientist community are requisite for a scientist to find his or her collaborator. As
science has been highly specialized, the agglomeration effect is becoming more
important in collaboration. On the contrary, non-primary regions have their
specialty and merit although they lack a number of scientific researchers as a whole.
They tend to focus on locally embedded research and its application to regional
economy and firms. Moreover, regional provincial cities such as Busan, Daegu,
and Gwangju provide infrastructure and collaboration opportunities for their
surrounding regions.

Keywords: network, scientific research, collaboration, SCI, Korea, social network
analysis
Student Number: 2008-20166
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1. Introduction

1.1.

Background and Aim of Study

Capital and labor inputs have been considered to be the primary sources of
production and economic growth in an industrial economy. However, in a
knowledge-based economy where knowledge is a key factor of economic
development, knowledge leads endogenous technological change for long-run
economic growth with its increasing returns (Mokyr, 2004; Romer, 1986). It
suggests that knowledge-based economic activity provides a new foundation of
comparative advantage as it is shifting toward the knowledge-based economy (Park,
2001) and the role of knowledge workers who create and transfer knowledge has
been more significant than that of labor workers (Drucker, 1993). A globalizing
economy further interconnects knowledge workers which have been separate in
remote regions. Therefore, a matter of concern in knowledge-based and globalizing
economy is who the knowledge workers are, where knowledge is, and how the
flow of knowledge is controlled.
When it comes to economic space, the shift to the knowledge-based
economy presents a question about regional development theory and policy (Park,
2001). With the advancements in information and communication technology
(ICT), it seems plausible that knowledge is no longer restricted to a certain location
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but transmitted all over the world. A variety of media including the Internet and
portable devices improve the accessibility to knowledge. In particular, academic
researchers also can access data sources and contact other researchers in remote
areas more conveniently than ever before. On the basis of the status quo,
Cairncross (2001) demonstrated “the death of distance” that the revolution in ICT
has overcome distance. However, knowledge-intensive economic activities still
tend to be geographically concentrated (Gertler & Levitte, 2005). This is because
knowledge is not perfectly free from geographical concerns. The logic behind why
geography still matters is the tacitness of knowledge; that is, knowledge is hard to
be codified in transferrable form for digital communication media. Since the
uncodified knowledge is not ubiquitous, it gains high premium in certain regions
and takes competitive advantage (Asheim & Isaksen, 2002; Maskell & Malmberg,
1999).
“Knowledge economies are unevenly distributed in space” (Cooke, De
Laurentis, Todtling, & Trippl, 2007, p. 31) like uneven economic geography, and
thus the uneven geography of knowledge is a major contributing factor of
economic inequality. Therefore, in the knowledge-based economy, inequality in
economic development between regions should be considered in regards to the
geographical imbalance of knowledge. This suggests that developing regions
isolated from research networks should overcome the geographical imbalance of
the network dominated by developed regions to enhance the economy. It is also
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important for developing countries to catch up with developed countries, which are
based on dominance over global knowledge network in a globalizing economy.
In spite of the recognition that knowledge is valuable in the current
economy, scholars have faced the knowledge measurement issues of how
knowledge and its flows are measured quantitatively. Since knowledge is an
elusive notion, it is difficult to be conceptualized and even harder to be measured
in a consistent and systemic way (Jaffe & Trajtenberg, 2002). To overcome the
measurement issues, bibliographic data has been subjected to be one of the
quantified proxies for knowledge. When it comes to bibliographic data of scientific
publications, the geographical distribution of authors and their relationships can be
traced by the personal information of authors included in the bibliographic records
of each paper. Since collaboration is considered as a relation among authors or
regions, social network analysis allows more reliable structure of research
networks. Scientific research not only lays the groundwork for science and
technology but also impacts research and development (R&D) and its
commercialization (Cohen, Nelson, & Walsh, 2002). Therefore, the trail of the
scientific research is not just limited to the academia but also related to the
technological and economic development of regions.
South Korea (hereafter Korea), one of newly industrialized economies, is
facing a turning point, which is the transition from the industrial economy to the
knowledge-based economy. Despite its lack of natural resources, the economic
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development of Korea was achieved based on its human capital and
competitiveness in the world market. On the other hand, regional disparity in
economic development was aggravated and social integrity was deteriorated
mainly due to the economic disparity. While the serious problem dealt with
concerns of firms and industries in the industrial economy, we should be concerned
about a new factor, knowledge. When some regions function as central regions in
generating and transferring knowledge, the region would be advantageous
(Wheeler & Mitchelson, 1989). Thus, it is important to know the role of each
region, and to understand the spatial structure of knowledge.
Moreover, networks and collaboration become important mechanism for
uneven geographies of knowledge (Park, 2001). As Yeung (1998) emphasized
“spaces of network relations,” relational approach provides comprehensive
perspective for dealing with regional economic development, one of the most
important topics in economic geography. When the approach is adapted to
understand the spatial structure of knowledge, it allows research on the network of
regions and collaboration among them to be more feasible.
Although considerable research has been devoted to the relation between
knowledge and economy in recent years, rather less attention has been paid to the
geographical concerns about knowledge networks. As the first step to the uneven
geography of knowledge, a preliminary study on the knowledge network and its
geography is requisite.
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Knowledge‐based economy

Scientific research

Regional knowledge economies

Scientific research collaboration

Uneven geography
of knowledge economies

Scientific research
collaboration network

Spatial network structure of scientific research collaboration
Figure 1‐1. Background and topic of study

This study starts from a series of questions regarding the uneven
geography of knowledge based on the background outlined above; the main topic
of this study is narrowed to the spatial network structure of scientific research
collaboration as shown in Figure 1-1. In particular, this empirical study not only
analyzes the network structure but also explains the dynamics of the structure. The
research area is limited to Korea and its 16 regions to comprehensively analyze
interactions in the country. An empirical analysis is based on bibliographic data of
publications in Science Citation Index (SCI) journals. Moreover, in-depth
interviews with scientists offer further interpretations to bolster the results of
empirical analysis. The specific research objectives are as follows:
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Research Objective 1:
To reveal the spatial network structure of scientific research
collaboration
To achieve the objective, scientific research collaboration in Korea is
regarded as a network of 16 regions. Social network analysis provides a consistent
way to reveal the spatial network structure. In addition to the overview on the
spatial network, structural and regular equivalence analyses provide grounds to
investigate the meaning of geographical proximity and network position of regions,
respectively.

Research Objective 2:
To explain the dynamics of proximity and network position of regions
in scientific research collaboration network
The dynamics of spatial network structure are explained based on in-depth
interviews with scientists. In particular, this study focuses on the role of
geographical proximity in collaboration process and the way how to overcome the
physical distance. Furthermore, the advantages and disadvantages of regions for
constructing inter-regional collaboration ties and enhance their performance are
discussed in terms of network positions of regions.
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1.2.

Data and Methods

The purpose of the study is fulfilled by a data set from National Science Indicators
(NSI) and Web of Science (WoS) database of Thomson Reuters. The raw databases
have bibliographic records (e.g. authors, journals, scientific fields, institutes,
addresses of authors, and times cited) of articles which have been published in
selected journals since 1898. In terms of the selected journals, three databases
cover different disciplines: (1) the Science Citation Index (SCI)1 which includes
science journals, (2) the Social Science Citation Index (SSCI) which encompasses
social science journals, and (3) the Arts and Humanities Citation Index (A&HCI)
which covers journals belonging to the arts and humanities.
The data sets for this study were constructed from each database for
separate purposes as follows. First, NSI database provides an effective overview of
the world-wide scientific research because it is already organized according to
countries, years, and subfields of science. It was utilized for assessing the status of
a country in the world or comparing the scientific capacity of several countries in

1

Web-based WoS database provides broader scope of scientific journals than the earlier

CD-ROM version of “SCI” database. In April 2012, the broader one “SCI Expanded”
covers 8,490 journals, while “SCI” encompasses 3,765 journals. To be precise, the two
databases should be distinguished when we focus on each journal or subject. In this
research, however, SCI Expanded will be referred SCI as a matter of convenience because
the focus is on whole scientific research.
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this study. On the other hand, it did not allow further micro-level analysis and this
is why the second database, WoS, was necessary for this study.
Second, WoS database primarily provides all bibliographic information of
papers published in SCI journals. Although the original database provides
bibliographic information of each paper, it was aggregated to serve the research
purpose. All papers labeled in the database as “article,” “proceeding paper,” and
“review” were taken into consideration. Since this study focuses on scientific
collaboration networks in Korea, papers which have at least one author whose
affiliation is in Korea were collected and reorganized according to publication year
and 16 regions.
Even though this study mainly deals with papers coauthored by two or
more scientists, individual papers which authored by one scientist were separately
considered to show that the impact of individual research on whole scientific
research networks is shrinking. In addition to that, the scope of the study was
limited to only SCI journals, although SSCI and A&HCI databases were also
available. This is because the behavior of collaboration and citation in scientific
research is dissimilar from those of the others. Moreover, scientific research is
most relevant to technology and innovation, and thus to regional economy when
compared with research in social science, humanities, and arts.
A raw data set has more than 10 fields, but two of them are relevant to the
empirical analysis of this study. (1) Address: The field indicates an address of an
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author’s affiliation when the paper is published. According to the address field,
each paper can be categorized into 16 administrative regions of Korea (Seoul,
Busan, Daegu, Incheon, Gwangju, Daejeon, Ulsan, Gyeonggi, Gangwon,
Chungbuk, Chungnam, Jeonbuk, Jeonnam, Gyeongbuk, Gyeongnam, and Jeju); (2)
Year published: the data spans from 1980 to 2010. Since the number of papers
continuously fluctuates as some journals are included in or exclude from the
category of SCI journals, the whole data was gathered at a certain week in 2011 to
ensure the commensurability (Table 1-1).
Table 1‐1. Descriptions on the data set

Year published

1980‐2010

Journals

SCI Expanded

Document types

Article, Proceeding Paper, Review

Total number of collaborative links

338,120

Regions (by address)

16 regions of Korea
Seoul, Busan, Daegu, Incheon,
Gwangju, Daejeon, Ulsan,
Gyeonggi, Gangwon, Chungbuk,
Chungnam, Jeonbuk, Jeonnam,
Gyeongbuk, Gyeongnam, and Jeju

This study deals with coauthorship at address level and sorts the number of
papers according to regions where the author of a paper is affiliated. Moreover, this
process accompanies the issue how to attribute papers to each region. To count the
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number of papers, two classical methods, fractional and links counting, have been
widely used in bibliographic research (Wagner & Leydesdorff, 2005). While the
fractional counting focuses on weighting each paper proportionally, the links
counting bases on identifying the number of links. First, by the fractional counting,
the weight is equally distributed among the collaborative authors. For example, one
paper coauthored among three scientists in Seoul, Daejeon, and Busan is
distributed to the three regions with 1/3 count. However, in the links counting,
Seoul-Daejeon, Seoul-Busan, and Daejeon-Busan links have 1 count, respectively.
Although this might overestimate a paper in multilateral cooperation, the
normalization in terms of number of links alleviates the problem in network
analysis (Zitt, Bassecoulard, & Okubo, 2000). In empirical analysis of this study,
the links counting method was applied.
All inter-regional collaboration was converted to an affiliation form data to
create network-based data among the 16 regions. For instance, a collaborated paper
between researchers of Seoul and Busan attributes to an affiliation record “SeoulBusan.” When all the affiliation records were organized, they were aggregated in a
16 by 16 matrix. Hence, non-diagonal entries indicate all pair-wise collaboration
between any two regions and all diagonal entries are zero in this inter-regional
collaboration matrix.
To normalize the number of collaboration between two regions, this study
used the mutual inclusion approach, Salton-Ochiai’s (OCH) measure. This method
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normalizes coauthorship between two regions by dividing the square root of the
product of total publication in each of the two regions (i.e., the geometric mean)
(Glänzel, 2001, p. 80; Zitt et al., 2000, p. 631).

,

OCH ,

where m(i) is the total number of publications of region i, and m(i, j)is the number
of collaborated publications between region i and j.

The structural and regular equivalence measures are then investigated by
social network analysis package, UCINET 6.4 (Borgatti, Everett, & Freeman, 2002)
for the first research objective of this study. Moreover, social network analysis
gives the individual network of each region and block. This provides evidence for
the network positions of 16 regions, how the collaboration networks relate the
hierarchy of regions in Korea. To visualize the spatial network of research
collaboration, NetDraw 2.1 (Borgatti, 2002) was accompanied with UCINET.
In addition to the quantitative analysis based on publications data,
interviews with scientists were carried out to interpret the result and discuss the
implications of spatial network in scientific research collaboration. Interviewees
were selected under careful consideration to their education and employment
history written in the curriculum vitae. All selected interviewees have been at two
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or more universities or institutes in different regions because they were expected to
compare one region with other regions in terms of collaboration; a total of 76
scientists were selected as interview candidates. They were then contacted via email and each interview was arranged at the office of an interviewee; however,
some wanted to be interviewed via telephone because of their time constraints and
personal reasons. Each interview was initially planned to take about 20 minutes;
however, it varied from 10 to 30 minutes across an interviewee’s attitude and
talking style. Most of the interviews were recorded and transcribed except for some
cases when it was not allowed by interviewees.
As a result, 20 professors at universities in diverse regions were
interviewed from March to May, 2012 (Table 1-2). They were mainly asked about
the advantages and disadvantages of region where they were or are in terms of
scientific research collaboration. In addition to that, the importance of geographical
proximity and global collaboration was also questioned for further discussion.

Table 1‐2. Descriptions on in‐depth interviews

Period

March–May 2012

Interviewees

20 scientists (professors)

Methods

Visiting or via telephone

Time

10–30 minutes

Regions of Interviewees

Seoul, Daegu, Gwangju, Daejeon,
Gyeonggi, Chungnam, Gyeongbuk
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1.3.

Organization of Study

The rest of this study is organized as follows. The second chapter reviews previous
studies which have dealt with several key concepts in the study, such as knowledge,
and scientific research networks. Subsections more focus on how they are
measured and why knowledge is geographically meaningful. The theoretical
background offers the reason why the topic is worth addressing and identifies the
gap in existing research.
Chapters three through five are the main parts that empirically test the
main questions of this study. The purpose of chapter three is to overview the
scientific research capacity of Korea and its 16 regions. In the fourth chapter, a
social network analysis especially focuses on the first objective of the study, the
network structure of inter-regional collaboration in Korean science research
networks. The result is then discussed for the second research objective with
corresponding network analysis based on in-depth interviews.
Finally, chapter five summarizes the key findings and offers suggestions
for science and technology policies of Korea. The limitations of the present study
and suggestions for future research are also discussed in the final chapter.
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2. Literature Review

2.1.

Knowledge and Its Geographies

In spite of the advanced ICT, we are still concerned about the uneven geographies
of knowledge. Diverse theoretical concepts of regional competitiveness — learning
regions, innovative milieus, clusters, industrial districts, and regional innovation
systems — consider localized processes of learning and knowledge accumulation
as a main source of regional development (Doloreux & Parto, 2005). Knowledge
has been thought to be not separable from geographic concerns. On the one hand,
knowledge spillovers are geographically localized within bounded area because
proximity matters (Audretsch & Feldman, 1996; Jaffe, Trajtenberg, & Henderson,
1993). On the other hand, knowledge creation involves knowledge workers
clustered in specific places as well as partners in a remote part of the world
(Moodysson, 2008). When it comes to empirical studies, the significance of
geography in knowledge process is emphasized in the literature on high-technology
industrial districts or clusters, such as Silicon Valley (Saxenian, 1994) and
Cambridge-Oxford regions (Keeble & Wilkinson, 2000). Both of the theoretical
and empirical studies reaffirm that the uneven geographies of knowledge.
The logic behind the reality is the types of knowledge. Philosophers of
knowledge such as Polanyi (1966) and Ryle (1949) distinguished “tacit knowledge,”
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which defies symbolic forms of representation from “explicit knowledge.” Tacit
knowledge constitutes the most important basis for unique value creation and is
therefore a key determinant of geographies of knowledge in a competitive era
(Gertler, 2003; Maskell & Malmberg, 1999; Penrose, 1995). Nonaka and Takeuchi
(1995) presented the theory of knowledge creation in two dimensions —
epistemological and ontological — of knowledge creation. Based on two
dimensional frameworks, they assumed that knowledge is created through the
interaction between tacit and explicit knowledge. In other words, tacit knowledge
is not only crucial itself but also requisite for the acquisition and use of explicit
knowledge. Because of the “tacitness” of knowledge, geography and proximity
matter in knowledge process (Cooke et al., 2007). Since tacit knowledge is “sticky”
in a place, it is not easy to transfer it to other places despite of the advanced ICT
(Malmberg, Sölvell, & Zander, 1996; von Hippel, 1998); furthermore, transferring
and circulation of tacit knowledge is encouraged when face-to-face contacts are
made (Park, 2006).
If we do not confine the meaning of “proximity” to a physical one, various
kinds of proximity — geographical, organizational, institutional, or relational
proximity — affect knowledge transfer by their distinct properties (Boschma,
2005). These series of research emphasized that knowledge process is highly
promoted when knowledge is geographically concentrated and the proximity is
secured.

- 15 -

2.2.

Knowledge Measurement Issues

In this knowledge-based economy, measuring knowledge is one of the crucial jobs
to examine the role and effects of knowledge on economies. One comprehensive
way to overcome this difficulty and measure knowledge was based on patent data
(Hu & Jaffe, 2003; Jaffe & Trajtenberg, 1996, 2002; Jaffe et al., 1993; Pavitt &
Patel, 1988; Trajtenberg, 2001). The patent system is a set of public contract for
guaranteeing a limited right to the applicant, and thus an incentive mechanism
behind the system is to enhance the creation and diffusion of knowledge (Smith,
2006). In particular, the coauthorship of patents has received attention to capture
collaboration in patent process (Breschi & Lissoni, 2003; Huang et al., 2003).
Most empirical research based on the patent data utilized the records of the
United States Patent and Trademark Office (USPTO), European Patent Office
(EPO), and Japan Patent Office (JPO) as the major sources. These patent systems
have recorded information about inventions in systematical way for a long time.
Despite of the usefulness of patents for empirical studies, however, they also have
weaknesses. They do not indicate knowledge but invention, especially that of
commercially viable products and processes. It suggest that patents might overstate
the productivity of applied science, while understate that of pure science. Even in
the field of applied science, patents strongly relates to its exclusive rights and
economic gains from the rights. Moreover, decisions of patent laws substantially
affect whether knowledge or technology become a patent or not. In particular, three
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major sources of patent data rely on the law and institutions of each country.
(Kleinknecht, Van Montfort, & Brouwer, 2002)
Bibliographic data which consist of publication and citation has taken
longer time to obtain acceptance as a measurement of knowledge than patent data.
However, they have been extensively used to measure knowledge because they are
thought to be copious, reliable, and meticulous records. In particular, when it is
compared to patent data, bibliographic data relate to the dynamics of science itself
rather than invention (Smith, 2006). One example of studies on the macro-level
science assessed the strengths and weaknesses of national research performance in
the European economy based on scientific publications along with other indicators
in an international context (European Commission, 1997, pp. 168-171), and
Persson (1988) examined the structure of relevant scientific research areas using
the similar methods.

2.3.

Scientific Research Collaboration Networks

Scientists tend to work together for common research and goals. Beaver and Rosen
(1978, pp. 67-69) explained the reason why scientists collaborate from a historical
and sociological perspective; professionalization of science has promoted
collaboration in scientific research. Before the professionalization, a scientific
community was a loose group of amateur scientists. However, professionalization
imposed both benefits and obligations on scientists distinguishing relationships
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within scientists from those with outsiders. Within this professionalized community,
collaboration has been regarded to be a way to gain recognition. Scientists work for,
on the one hand, science’s sake itself, on the other hand, socialization in their
professional community. In the second sense, scientists publish research papers in
journals for distinguishing themselves and maintaining their memberships in the
community. In the process, collaboration helps scientists to gain more productivity,
additional recognition, and professional advancement. In the early 17th century,
scientific journals and papers appeared and began to act as a means for the
dissemination of new scientific research. The term “the invisible college” was used
to indicate the tendency of professionalization and collaboration in a letter written
by a famous chemist in the history of science, Robert Boyle. He designated the
Royal Society of London as “the group of like-minded independent scholars who
first pioneered observation and experimentation to study nature in the seventeenth
century.” In the era, a number of scientific societies were established in Europe and
these groups promoted the communication of scientific knowledge (Crane, 1972;
de Solla Price, 1963, 1986).
A recent research on “the invisible college” demonstrated that it is a selforganizing network, a kind of complex adaptive system (Wagner, 2008). Several
network concepts were used to explain the characteristics of the invisible college:
(1) Preferential attachment. New network members tend to connect to those who
are already well-connected to others. Therefore, the number of scientists who have
a certain number of links follows a power law. (2) Weak ties. Weak ties of an
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individual scientist such as a timely contact at a conference or a college
acquaintance can be very valuable. This is because weak ties can link a scientist to
“a friend of a friend” who can play a crucial role in his or her research offering
information, samples, or facilities. (3) Small-world phenomenon. The new invisible
college has short path lengths. This feature can be valuable to a member who lacks
direct connections in collaboration networks. (4) Redundancy. Since scientific
researchers have many connections in common which are redundant, a network
becomes highly resilient or robust.
In empirical studies, academic publications have been proposed to quantify
knowledge diffusion and interaction among the invisible college. In particular, a
social network analysis has been applied to studies in collaborative academic
papers because scientific collaboration is essentially a social process (Nagpaul,
2003). In those studies, a coauthored publication is defined as “a publication with
two or more institutional affiliations” and used as a basic counting unit to measure
collaborative activities (Katz & Martin, 1997). The co-authored publication is
important in knowledge network since most research in science-based industries is
co-authored and the collaboration enhances the quality of research (Katz & Martin,
1997; Ponds, 2009).
When it comes to collaboration, we can deal with the data by networkbased analysis because collaboration means the social ties between researchers. For
instance, a collaborative work between two researchers A and B can be expressed
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as a link between the two nodes A and B. If the scope is expanded into a national
or global perspective, we can construct an extensive network which comprise of a
number of nodes and even more links between them. Social network analysis
primarily aims at “detecting and interpreting patterns of social ties among actors”
(De Nooy, Mrvar, & Batagelj, 2005, p. 5). We can understand social activities as
relations among interdependent actors and the repeated relations might show
regular patterns.
Several studies investigated scientific research collaboration of diverse
levels based on network concepts and bibliographic data: collaboration between
countries (Luukkonen, Tijssen, Persson, & Sivertsen, 1993), collaboration between
universities (Persson, Melin, Danell, & Kaloudis, 1997), and collaboration patterns
in a research field (Meyer & Persson, 1998). Since scientific collaboration is a
social process, cultural and social factors affect the collaborative networks among
countries. Leydesdorff and Zhou (2005) and Leydesdorff and Wagner (2008) more
closely dealt with international scientific collaboration in the perspective of core
and peripheral group of countries; countries of peripheral group might be
disadvantaged by those of the counterpart group in scientific research collaboration.
For the reason why scientific collaboration unevenly occurs, Frame and
Carpenter (1979) and Luukkonen, Persson, and Sivertsen (1992) analyzed macrolevel data on international collaboration and discussed geography as one of those
factors. As we noted that proximity and face-to-face contact promotes the transfer
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of knowledge, they also have a significant influence on the pattern of scientific
research collaboration (Katz, 1994; Wagner, 2008; Wagner, Brahmakulam,
Jackson, Wong, & Yoda, 2001; Zitt et al., 2000).
The intellectual structure of Korean science research networks was
recently examined based on bibliographic data. These studies mainly attempted to
draw the big picture of scientific research networks, such as where the central
region in the networks is or how the central role has evolved (Park & Leydesdorff,
2008, 2010; Shapiro & Park, 2012).
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3. Scientific Research and Collaboration in Korea

3.1.

Scientific Research Capacity

Korea has been developed in terms not only of gross domestic product (GDP) but
also of its capacity in science and technology for the last 60 years. As one of lateindustrialized countries, Korea had taken off greatly depending on labor-intensive
products such as footwear and clothing. However, capital-intensive industries led
Korean economy during the 1970s and 1990s, when Korea was called as one of the
Four Asian Tigers with Taiwan, Singapore, and Hong Kong. Although several
industries of Korea have undergone ups and downs, it is supposed that science and
technology still stand in the vanguard of the country’s economic development and
also provide a boost to its status on the global economy.
To estimate the science and technology capacity of a country, patent data
has been usually subject to studies. Since granting patents is susceptible to a patent
system and its socio-economic context, European Patent Office (EPO), the Japan
Patent Office (JPO), and the United States Patent and Trademark Office (USPTO)
give slight different results. Triadic patent families, however, provide more reliable
results, which partially overcome the inconsistency between patent systems.
Triadic patent is defined as corresponding patents filed at the EPO, JPO, and
USPTO for the same invention by the same applicant or inventor (OECD, 2011, pp.

- 22 -

109-110). According to the triadic patent families data, the share of patents granted
by Korea in the world has steadily increased for the last 10 years and it has held the
fourth position since 2004 (Table 3-1). In particular, Korea not only has surpassed
France but also closed the gap with Germany (Figure 3-1). Patents, however, do
not perfectly reflect and correspond to scientific research; and thus, we can assume
that Korea’s capacity has expanded and its leading role in global economy has
gradually solidified.

Table 3‐1. Triadic Patent families by applicants' countries of residence
Rank

Country
World

1995

Country

2000

36142

World

45027

13983.7

Japan

Country

2005

World

25252

14607.2

U.S.

9211.9

14465.9

Japan

7686.7

1

U.S.

2

Japan

9516.9

U.S.

3

Germany

4522.4

Germany

5516.1

Germany

2199.1

4

France

1834.5

France

1952.9

Korea

1213.7

5

U.K.

1184.5

Netherlands

1706.1

France

1024.8

6

Switzerland

828.8

U.K.

1028.7

Netherlands

668.9

7

Sweden

759.4

Switzerland

1013

Switzerland

569.6

8

Italy

511.6

Korea

739.5

Sweden

405.5

9

Netherlands

510.8

Sweden

666.7

U.K.

329.7

10

Canada

371.4

Italy

507.6

Italy

282

11

Finland

344.1

Canada

429.3

Canada

213.3

12

Korea

338.1

Finland

395.5

Finland

157.5

Source: OECD, Patent Database, Mar. 2012.
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Figure 3‐1. The share of triadic patent families by applicants' countries of residence
Source: OECD, Patent Database, Mar. 2012.

Table 3‐2. GERD and its share of GDP by selected country (2009)
Country

GERD (million current PPP $)

GERD/GDP (%)

OECD

968,108

2.40

United States

401,576

2.90

China

154,147

1.70

Japan

137,314

3.36

Germany

83,297

2.82

France

49,143

2.26

Korea

47,169

3.56

United Kingdom

39,538

1.86

Russian Federation

33,562

1.25

Italy

24,538

1.26

Canada

24,534

1.92

Source: OECD, Main Science and Technology Indicators 2011/2, Jan. 2012.
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Korea also has invested on a large scale to enhance the capacity in science
and technology as shown in Table 3-2. Korea ranks as one of top countries which
spends budget on research and development (R&D). The gross expenditures
(domestic) on R&D (GERD) per GDP of Korea exceed that of the U.S. and other
scientifically advanced countries. Although it has been controversial whether the
large amount of investment is adequately allocated to government, companies,
universities, or civil societies, Korea concerned about its science and technology
capacity. In sum, the increasing paces of science and technology indicators suggest
that one key driver of Korean success story is science and technology.
Since this study mainly aims to analyze and discuss scientific research in
Korea by 16 regions, overall scientific research capacity is also disassembled by 16
regions. Table 3-3 shows population, the number of researchers, and R&D
expenditure of each region in 2010, and Table 3-4 suggests the number of
researchers and R&D expenditure per million people to compare regions. Seoul
and Gyeonggi have slightly lower than a half of total population of Korea. In terms
of the number of researchers, these two regions occupy nearly 60% of the country,
which indicates scientific research capacity is more concentrated on capital region
compared to mere population. Daejeon is noteworthy in scientific research capacity;
it has the most researchers per population while it is not such conspicuous region in
population. Chungnam occupies large portion in researchers and R&D expenditure
with its adjacent region, Daejeon. This fact suggests that government-led science
and technology policy is not restricted to Daejeon but stretched to Chungnam.
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Except for Seoul, Gyeonggi, Daejeon, and Chungnam mentioned above, there are
not relatively large numbers of researchers for their population.

Table 3‐3. Population, the number of researchers, R&D expenditure by region (2010)

Population1)

Researchers2)

R&D expenditure3)

Korea

50.52

100.0%

345,912

100.0%

43,855

100.0%

Seoul

10.31

20.4%

91,193

26.4%

8,243

18.8%

Busan

3.57

7.1%

10,763

3.1%

840

1.9%

Daegu

2.51

5.0%

7,740

2.2%

590

1.3%

Incheon

2.76

5.5%

12,767

3.7%

1,662

3.8%

Gwangju

1.45

2.9%

6,788

2.0%

521

1.2%

Daejeon

1.50

3.0%

25,277

7.3%

5,012

11.4%

Ulsan

1.13

2.2%

3,982

1.2%

452

1.0%

Gyeonggi

11.79

23.3%

114,858

33.2%

18,313

41.8%

Gangwon

1.53

3.0%

4,818

1.4%

285

0.6%

Chungbuk

1.55

3.1%

9,059

2.6%

783

1.8%

Chungnam

2.08

4.1%

17,612

5.1%

2,687

6.1%

Jeonbuk

1.87

3.7%

6,743

1.9%

531

1.2%

Jeonnam

1.92

3.8%

3,606

1.0%

483

1.1%

Gyeongbuk

2.69

5.3%

15,265

4.4%

1,829

4.2%

Gyeongnam

3.29

6.5%

13,377

3.9%

1,514

3.5%

Jeju

0.57

1.1%

2,064

0.6%

112

0.3%

Notes: 1) million people
2) “Researchers” are defined as professionals engaged in the conception or
creation of new knowledge, products processes, methods, and systems, and in
the management of the projects concerned (OECD, 2002, p. 93).
3) billion Won
Source: National Science & Technology Commission, National Science & Technology
Information Service, 2010.
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Table 3‐4. The number of researchers, R&D expenditure per million people (2010)

Researchers

Average = 1

R&D expenditure

Average = 1

Korea

6,848

1.00

868

1.00

Seoul

8,843

1.29

8,243

9.49

Busan

3,017

0.44

840

0.97

Daegu

3,082

0.45

590

0.68

Incheon

4,629

0.68

1,662

1.91

Gwangju

4,666

0.68

521

0.60

Daejeon

16,810

2.45

5,012

5.77

Ulsan

3,535

0.52

452

0.52

Gyeonggi

9,745

1.42

18,313

21.09

Gangwon

3,149

0.46

285

0.33

Chungbuk

5,846

0.85

783

0.90

Chungnam

8,486

1.24

2,687

3.09

Jeonbuk

3,608

0.53

531

0.61

Jeonnam

1,880

0.27

483

0.56

Gyeongbuk

5,675

0.83

1,829

2.11

Gyeongnam

4,065

0.59

1,514

1.74

Jeju

3,613

0.53

112

0.13

Source: National Science & Technology Commission, National Science &Technology
Information Service

When we move focus from patents to publications, NSI database provides
an overall picture of scientific research in Korea by comparing it with whole world
and other countries. Korea’s position in the global scientific research is not as
powerful as that in the patents market. Table 3-5 shows the United States of
America (U.S.A.) has stood without a challenge in the world of scientific research.
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Although its possession has dwindled as the rapid rise of China, the U.S.A.
outperformed all the other countries for several decades. The noteworthy fact is
that it does not indicate U.S. born scientists are the most prolific researchers in the
world. The figure is not based on scientists’ nationalities but their affiliations
extracted from the authors’ information in each publication. It dramatically
suggests that the power of the U.S. scientific research networks rather than the
excellence of American scientists itself. Since 1970s, “the new Argonauts” from
China, India, Taiwan, and Korea have contributed the phenomenon (Saxenian,
2006).

Table 3‐5. Number of papers published in SCI journals by selected countries
Rank

Country

1

USA

2

China

3

2005
312,945

Country

2010

USA

338,784

83,362

China

135,375

UK

82,224

UK

93,092

4

Germany

78,255

Germany

88,420

5

Japan

76,679

Japan

72,882

6

France

55,741

France

63,601

7

Canada

46,956

Canada

54,756

8

Italy

42,765

Italy

51,453

9

Spain

33,884

Spain

44,688

10

Australia

29,691

India

40,905

11

Korea

28,430

Korea

39,843

- 28 -

50,000
40,000
30,000
20,000
10,000
0

3.00%
2.50%
2.00%
1.50%
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Papers

World share

Figure 3‐2. Korea’s papers published in SCI journals and its world share

As the scope of SCI journals and papers published in the journals has
expanded, the volume of global scientific research has steadily grown. At the same
time, however, the increase of Korean scientific papers outperformed that of global
academia. Since 2004, papers which authored by at least one Korean scientist have
accounted for more than 2% of all papers in the world (Figure 3-2).2 Although the
2% share seems not to be significant portion, it is bigger than the position Korean
hold in a global economy (Korean share of world GDP is 1.6%).3 We can assume
that Korean scientific research has not lagged behind other performances at least
even though the quantity of scientific papers does not proportionally rise with GDP
or the wealth of a country.
2

We should divide the number of papers of a country by “the sum of each country’s papers”

rather than “the number of all papers” to calculate the share of a country. This is because of
coauthored papers which involve multiple countries’ authors. In 2010, for example, the
former was 1,528,033, while the latter was 1,180,761.
3

The World Bank, World Development Indicators 2011.
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3.2.

Scientific Research Collaboration

As a growth of scientific collaboration in the community, scientific research in
Korea has also tended to collaborative. As many studies have emphasized the
importance of collaboration in scientific research, single-authored research is not
any more regarded as an effective way to conduct considerable research. The share
of single-authored papers published by Korea-affiliated authors in SCI journals
dropped below than 5%, while more than 95% of were coauthored by two or more
scientists (Table 3-6). This fact demonstrates the recent trend of collaboration in
scientific research; collaboration among Korean scientists also becomes common
phenomenon. Although single-authored research still has its meaning and impacts,
they are excluded from the empirical analysis of this study in following chapters.
The spatial distribution of scientific papers in Korea obviously shows that
Seoul, the capital of Korea, dominates half of all research in Korea. For the last 30
years, about two-thirds of all Korean papers are authored or coauthored by scientist
in Seoul. Gyeonggi and Daejeon follow Seoul and nearly three out of four papers
in Korea involves these three regions (Table 3-7). 4 Seoul and its regions are
4

Counting collaborated paper is somewhat tricky since not all papers are coauthored by

two scientists. We should note that the number of collaboration links do not numerically
equal to the number of papers. However, if we apply a predetermined counting method,
comparison between regions is not totally unreasonable. Refer the Data and Methods
section to see the detail of counting methods.
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supposed to dominate the country in population, economic activities, and other
socio-economic factors. Hence, the spatial concentration of scientific research is
highly consistent with the dominance of Seoul and the capital region.

Table 3‐6. Individual papers

Year

Individual Papers

Total Papers

Share (%)

2001

939

16,062

5.85

2002

963

17,651

5.46

2003

1,175

20,738

5.67

2004

1,334

24,291

5.49

2005

1,359

25,874

5.25

2006

1,516

28,765

5.27

2007

1,464

29,514

4.96

2008

1,502

30,032

5.00

2009

1,693

36,379

4.65

2010

1,987

41,114

4.83
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Table 3‐7. The number of papers published in SCI journals by region (1980‐2010)
Region

Papers

Share (%)

Seoul

157,923

46.71

Busan

22,475

6.65

Daegu

15,436

4.57

Incheon

13,161

3.89

Gwangju

18,308

5.41

Daejeon

61,424

18.17

3,208

0.95

Gyeonggi

56,383

16.68

Gangwon

11,269

3.33

Chungbuk

9,339

2.76

Chungnam

11,519

3.41

Jeonbuk

13,874

4.10

Jeonnam

3,956

1.17

Gyeongbuk

24,644

7.29

Gyeongnam

13,927

4.12

2,730

0.81

334

0.10

Ulsan

Jeju
Unknown

Notes: The sum of shares is not 100% because of a possibility some of the papers are
counted twice or more for multiple regions. Thus, we should not focus on the
numerical share itself.
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Figure 3‐3. Share of published papers in SCI journals, top three regions (1980‐2010)

As can be seen in Figure 3-3, Seoul has been the most prolific region in
terms of the share of publications in SCI journals for the last 30 years. In particular,
its share jumped in 1997 and increased the gap between other regions in the 21st
century. Besides Seoul, Daejeon’s share is outstanding when it is compared with
that of non-capital regions. Since late 1970s, a Korean government-led science and
technology policy has intensively invested in Daejeon. As the result of the policy,
not only science and technology specialized universities but also a number of
government research institutes were established in Daejeon. Since scientific
research is mainly conducted in universities and research institutes which have
scientific human and material resources, Daejeon could be a prominent region in
Korea within a relatively short time. The Korean Ministry of Education, Science
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and Technology decided “International Science Business Belt” to be located in
Daejeon and its adjacent area in 2011. This reaffirms that Daejeon is still
recognized as a “science and technology city.” Based on the existing scientific
research infrastructure, the new International Science Business Belt is expected to
promote scientific research in this region and collaboration with other regions.
Daejeon has been the second prolific region in Korea following Seoul until 2006,
but it is recently surpassed by Gyeonggi. As Seoul was supposed to be
overcrowded, Gyeonggi attracted considerable attention because of its reachability
to Seoul. The advancement of metropolitan transportation infrastructure more
induced immigrants to move from Seoul and other regions. Hence, the rapid
growth of scientific research in Gyeonggi might due to its regional development
rather than Daejeon’s case.

3.3.

Inter-Regional Scientific Research Collaboration

In the previous section, all published papers in SCI journals are overviewed in
terms of their regional distribution. While the total number of papers can be
numerically compared between its affiliated regions, collaborated papers should be
dealt in more sophisticated way. This is because a collaborated paper cannot be
represented as an exclusive paper of a region but a relation between regions.
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When we order all possible 120 links between every pair of two regions, Table 3-8
indicates that triangle collaboration among Seoul, Daejeon, and Gyeonggi 5
considerably possesses the big portion of whole scientific research collaboration in
Korea. Moreover, it suggests that collaboration network among the three regions is
strictly constituted. All of top links relate with Seoul excepting one link, DaejeonGyeonggi, which is the third highest one. Only four links, between Seoul and Ulsan,
Jeonnam, and Jeju are not quantitatively abundant. Gyeongbuk and several
metropolitan cities such as Gwangju, Busan, and Deagu follow the top-tier of three
regions.
Findings in this section, however, are only based on the number of
collaboration links between every pair of two regions. Since 16 regions of Korea
are connected each other by collaboration, a fragmented analysis by each region
might ignore the whole structure of scientific collaboration networks. As it is said
“the whole is more than the sum of its parts,” the nation-wide network of Korea is
not the mere sum of 120 inter-regional links, and thus cannot be evaluated by these
links only. The following chapter will try to overcome the fallacy of composition,
considering the structural approach with social network analysis.

5

The number of links does not exactly indicate the number of papers coauthored by three

scientists in the three regions. However, it is obvious that there are a significant number of
papers involving scientists in Seoul, Daejeon, and Gyeonggi.
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Table 3‐8. Inter‐regional scientific research collaboration, Top 20 links (1980‐2010)

Inter‐regional link

Collaboration

Seoul

–

Gyeonggi

22,555

Seoul

–

Daejeon

13,828

Daejeon

–

Gyeonggi

6,386

Seoul

–

Gangwon

4,564

Seoul

–

Gyeongbuk

4,396

Seoul

–

Incheon

4,070

Seoul

–

Gwangju

4,028

Seoul

–

Chungnam

3,920

Seoul

–

Busan

3,809

Seoul

–

Daegu

3,540

Seoul

–

Jeonbuk

3,190

Seoul

–

Chungbuk

3,038

Seoul

–

Gyeongnam

2,962

Daejeon

–

Gyeongbuk

2,775

Gyeonggi

–

Gyeongbuk

2,355

Gwangju

–

Daejeon

2,144

Daejeon

–

Jeonbuk

2,100

Daejeon

–

Chungnam

2,050

Busan

–

Daejeon

2,001

Daegu

–

Gyeonggi

1,967
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4. Spatial Network Structure of Scientific Research
Collaboration

4.1.

Overall Spatial Network

Prior to an empirical study, in the literature review chapter, we considered the
network approach in social science studies and its applications to studies in
knowledge. In this chapter, the approach is applied to analyze the data set,
scientific collaboration among 16 regions of Korea.
Most human activities are relational ones which involve more than one
person; scientific research is not an exception. A scientific collaboration is revealed
as a coauthored paper and the paper is supposed to connect more than two authors
who contribute to the research. Therefore, when the relational ties made by
coauthored papers are synthesized as a network form, the collaboration is subject to
various sorts of social network analysis.
All scientific collaboration in Korea is reorganized as collaboration
between pairs of two regions to scrutinize the network structure of scientific
collaboration. Each region is connected to the other region and the tie between
them can hold the variable measures regarding scientific collaboration. The number
of collaborative publications between any two regions shows which connection is
powerful in scientific research networks, for example, collaboration ties among
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Seoul, Gyeonggi, and Daejeon rank top three in all possible

links as shown in

chapter 3.
To bolster the idea mentioned above, centrality of each region in the
collaboration network was measured. Centrality is one of the main indices which
has been widely used to measure characteristics of a network; this index measures
to what extent each actor has a central role in a whole network. If we adapt the
measure to the data set of this study, it provides a useful way to verify which
region is central or peripheral in the scientific research collaboration network.
Freeman (1979) proposes three types of centrality: (1) degree centrality, (2)
closeness centrality, and (3) betweenness centrality. Degree centrality is one which
represents the activities of an actor, and is defined as below.

d
1
where d

= the number of ties incident upon an actor,
= the number of actors in whole network

Degree centrality is more appropriate measure for a dichotomous network,
which has only 0 or 1 (absent or present). Although the data set of this study is a
valued network, the measure is applicable if it is normalized. Hereafter, degree
centrality is meant to be normalized degree centrality.
Degree centrality of 16 regions indicates the central role of each region in
scientific collaboration network of Korea (Figure 4-2). Although the degree
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centrality is not perfectly consistent with the numerical share of each region, it
reflects the trend that the leading role of a small number of regions has been
dwindled, while new regions have risen as central regions. The degree centrality of
Seoul peaked in 1989 but has dwindled since 1990. It means that scientific
collaboration between different regions other than Seoul has gradually increased
since 1990 (Shapiro, So, & Park, 2010). Furthermore, the measures of top three
regions, Seoul, Daejeon, and Gyeonggi considerably changed at two points, around
1994 and 1997, which implies a structural change in scientific academia of Korea,
in particular the position of each region in scientific collaboration.

40.0
35.0
30.0
25.0
20.0
15.0
10.0
5.0
0.0
1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010

Seoul

Daejeon

Gyeonggi

Figure 4‐1. Normalized degree centrality, Top three regions (1980‐2010)
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Table 4-1 shows the OCH measures of all the collaboration links between
16 regions of Korea. As introduced in the Data and Methods section, OCH
measures give normalized values of collaboration using the product of total
publications in each of the two regions. Thus, this matrix helps analyze every part
of inter-regional collaboration in normalized way. Diagonal entries, which might
imply collaboration within each region, were neglected in this matrix.
Above all, Seoul de facto possesses the biggest portion of scientific
research collaboration in Korea. The region has about one fourth of national
population and even more portion of researchers, but Seoul’s share in scientific
research surpasses them. In terms of inter-regional collaboration, Seoul connects
with all the other regions by considerable number of publications (all the
normalized OCH measures are above the median value, 0.031). Among Seoul’s
inter-regional connections with the other regions, those with Gyeonggi and
Daejeon are remarkably intensive (OCH measures are 0.239 and 0.140
respectively), thus reaffirming that the three regions constitute large portion of
scientific research collaboration in Korea.
Gyeonggi is also one of prolific regions as well as Seoul. Contrary to Seoul,
however, the performance of Gyeonggi in scientific research collaboration is far
behind other indices of scientific research capacity such as the number of
researchers and R&D expenditure. In particular, if we consider the publications per
population or one researcher, Gyeonggi is not such productive region. Among
inter-regional connections of Gyeonggi, only that with Seoul is exceptional though
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its influence on the other regions has increased on the whole. It seems safe to
partially attribute the strong ties between Seoul and Gyeonggi to their proximity.
As mentioned above, Daejeon is closely connected with Seoul and
Gyeonggi in terms of normalized measure of collaboration. In addition to the fact,
the most conspicuous point of Daejeon is large amount of collaboration with
adjacent regions, Chungbuk and Chungnam (OCH measures are 0.076 and 0.072,
respectively).
All the other regions have strong ties with the main three regions, Seoul,
Gyeonggi, and Daejeon in general. Especially noteworthy is the fact that
metropolitan cities — Busan, Daegu, and Gwangju — made relatively more
collaborative publications with their adjacent regions (Busan–Gyeongnam, Daegu–
Gyeongbuk, and Gwangju–Jeonnam). These findings correspond with the abovementioned case of Daejeon, Chungbuk, and Chungnam, thus suggesting the effect
of proximity.
In addition to the previous descriptions, each link of inter-regional
collaboration is scrutinized in detail at distinct levels. To overview spatial network
of scientific research collaboration in Korea, several network maps were drawn
according to the intensity of inter-regional links. For the convenience of
investigation, each node was plotted according to their geographic coordinates, and
slightly adjusted for not overlapping other nodes or ties (Figure 4-1).
Figure 4-1(a) indicates that there are remarkably intensive collaboration
ties between Seoul and Gyeonggi. Figure 4-1(b) shows that Busan–Gyeongnam,
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Daegu–Gyeongbuk, and Gwangju–Jeonnam also conducted strong ties between
them. It means that non-capital regions have strong collaboration ties separately
according to each region, but they do not collaborate actively beyond that. Incheon
and Gangwon also participate in the core network of Seoul, Daejeon, and Gyeonggi,
but do not connects with other regions. On the other hand, other regions does not
form strong relations like those regions.
Figures 4-1(c) and (d) are slightly complex to understand because of many
ties, but the one certain point is that Seoul is connected to most of the other regions.
Ties with Seoul tend to be strong in the case of metropolitan cities, Busan, Daegu,
and Gwangju. Although several peripheral regions also show collaboration ties
with Seoul, their strength is not as intensive as that of metropolitan cities.
The spatial network pattern of regions shown in this section indicates each
region of Korea has its position in whole network. For example, Incheon only
follows Seoul, but does not have strong relations with other regions. Moreover,
Jeju and Ulsan have weak inter-regional ties in terms of the quantity of scientific
collaboration papers. The network position of regions will be more focused
individually to verify the role of each region in whole collaboration networks in the
following sections.
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Table 4‐1. OCH matrix of inter‐regional collaboration
1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

1 Seoul
2 Busan

0.064

3 Daegu

0.072

0.055

4 Incheon

0.089

0.026

0.018

5 Gwangju

0.075

0.028

0.051

0.024

6 Daejeon

0.140

0.054

0.059

0.041

0.064

7 Ulsan

0.037

0.050

0.024

0.021

0.010

0.019

8 Gyeonggi

0.239

0.048

0.067

0.060

0.057

0.109

0.023

9 Gangwon

0.108

0.027

0.029

0.026

0.023

0.039

0.011

0.065

10 Chungbuk

0.079

0.028

0.028

0.018

0.024

0.076

0.007

0.054

0.044

11 Chungnam

0.092

0.028

0.027

0.031

0.036

0.077

0.008

0.070

0.038

0.059

12 Jeonbuk

0.068

0.032

0.029

0.022

0.076

0.072

0.006

0.053

0.031

0.032

0.037

13 Jeonnam

0.033

0.027

0.017

0.016

0.104

0.030

0.008

0.027

0.013

0.017

0.024

0.047

14 Gyeongbuk

0.070

0.059

0.100

0.021

0.031

0.071

0.025

0.063

0.026

0.031

0.025

0.025

0.019

15 Gyeongnam

0.063

0.110

0.048

0.020

0.034

0.050

0.029

0.053

0.020

0.023

0.032

0.029

0.035

0.043

16 Jeju

0.037

0.035

0.019

0.010

0.022

0.020

0.004

0.029

0.032

0.025

0.012

0.019

0.015

0.015

Notes: Refer the Data and Methods section to see the detail of OCH measure.

- 43 -

0.022

16

Gangwon

Incheon
Seoul

Gangwon

Incheon
Seoul

Gyeonggi

Gyeonggi

Chungbuk

Chungbuk

Chungnam

Chungnam
Gyeongbuk

Daejeon

Daegu

Jeonbuk

Gyeongbuk

Daejeon

Daegu

Jeonbuk
Ulsan

Ulsan

Gyeongnam
Gwangju

Gyeongnam

Busan

Gwangju

Jeonnam

Busan

Jeonnam

Jeju

Jeju

(a) OCHij > 0.2

(b) 0.2 > OCHij > 0.1

Gangwon

Incheon
Seoul

Gyeonggi

Chun gbuk

Chungbuk

Chun gnam
Daejeon

Jeonbuk

Gangwon

Incheon
Seoul

Gyeonggi

Chungnam
Gyeongbuk

Gyeongbuk

Daejeon

Daegu

Daegu

Jeonbuk
Ulsan

Ulsan

Gyeongnam
Gwangju

Gyeongnam

Busan

Gwangju

Jeonnam

Busan

Jeonnam

Jeju

Jeju
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Figure 4‐2. Inter‐regional collaboration network map
Note: The thickness of line represents the intensity of inter‐regional collaboration.
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4.2.

Inter-regional Network Structure

In this section, an empirical analysis is conducted to synthesize the network
structure of scientific research collaboration in Korea. Moreover, this also aims to
provide analytical foundation for further discussion with in-depth interviews.
When we analyze a network, a measure or index is necessary for
examining the network structure. One way to measure the network structure is to
verify the structural equivalence of distinct nodes or actors of a network. Two
actors are structurally equivalent if they relate to every other actors in exactly the
same ways (Lorrain & White, 1971). In a matrix form, this means that “the entries
in the rows and columns for one actor are identical to those of another” (Hanneman
& Riddle, 2005). Burt (1976) proposes a weak definition of structural equivalence,
which alleviate the necessary condition. To satisfy the condition of (strong)
structural equivalence, two actors should have identical ties with other actors.
However, by a weak definition of structural equivalence, two actors are said to be
equivalent if their social distance is less than a particular criterion. Although the
specification of a criterion is not predetermined, a hierarchical clustering algorithm
provides a systematic procedure to determine it. Moreover, the hierarchical
clustering represents the similarities among the actors which are difficult to be
captured in a correlation matrix form.
The OCH matrix of inter-regional collaboration is subjected to measure the
structural equivalence of 16 regions of Korea. In the inter-regional collaboration
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matrix, any two regions are considered structurally equivalent if they have identical
ties with each other and all other regions. First, a structural equivalence matrix was
made using Pearson product-moment correlation. While correlation and Euclidean
distance can be used to measure structural equivalence, this study adapted
correlation because it is more appropriate to measure “similarity,” not “identity”
(Wasserman & Faust, 1994, p. 374). This new 16 by 16 matrix consists of all pairwise similarities between regions (Table 4-3). Second, average link hierarchical
clustering produced a dendrogram which shows hierarchical clustering based on
the given structural equivalence (Figure 4-3).
16 regions of Korea are grouped by six blocks: Block A1 (Seoul, Incheon,
Gyeonggi,

Gangwon),

Block

A2

(Daejeon,

Chungbuk,

Chungnam),

Block A3 (Daegu, Gyeongbuk), Block A4 (Busan, Gyeongnam, Ulsan), Block A5
(Gwangju, Jeonbuk, Jeonnam), and Block A6 (Jeju). These six clusters are almost
perfectly consistent with geographically proximate regions of Korea (Table 4-2).
According to the partitioned blocks, rows and columns of inter-regional
collaboration matrix were permutated to gather regions in the same block together;
then, a density table and image matrix were conducted (Table 4-4). A density table
is a matrix that has positions rather than individual actors as its rows and columns
and the values are the average within and between positions (Wasserman & Faust,
1994, p. 389). The density of entire inter-regional collaboration is used as a
threshold number to make an image matrix. If a block density is greater than or
equal to the average density, then the value of image matrix is coded as 1, while if
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a block density is less than 4.23 then the value of image matrix is coded as 0. As
shown in Table 4-5, all the values within blocks are above than the average.
Although the value between Blocks A1 and A2 is as high as values within positions,
we cannot note a distinguished pattern from the other non-diagonal values.
To sum up, the result of structural equivalence suggests that the
collaboration patterns of regions in a same block, in other words, geographically
proximate regions are similar in terms of the quantity of scientific research
collaboration. Socio-economic factors in these regions are supposed to cause the
presence of patterns in relations, which is “structure” by the definition of
Wasserman and Faust (1994).

Table 4‐2. Six blocks of regions by the structural equivalence analysis

Block

Regions

A1

Seoul, Incheon, Gyeonggi, Gangwon

A2

Daejeon, Chungbuk, Chungnam

A3

Daegu, Gyeongbuk

A4

Busan, Ulsan, Gyeongnam

A5

Gwangju, Jeonbuk, Jeonnam

A6

Jeju
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Table 4‐3. Structural equivalence matrix of inter‐regional collaboration
1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

1 Seoul
2 Incheon

0.948

3 Gyeonggi

0.944 0.970

4 Gangwon

0.860 0.917 0.940

5 Daejeon

0.739 0.856 0.872 0.885

6 Chungbuk

0.697 0.792 0.810 0.798 0.860

7 Chungnam

0.803 0.838 0.852 0.842 0.921 0.942

8 Daegu

0.392 0.490 0.491 0.407 0.611 0.425 0.422

9 Gyeongbuk

0.406 0.468 0.513 0.426 0.524 0.456 0.484 0.933

10 Busan

0.012 0.197 0.259 0.118 0.185 0.085 0.120 0.500 0.471

11 Ulsan

0.124 0.430 0.405 0.286 0.335 0.159 0.215 0.590 0.619 0.742

12 Gyeongnam 0.151 0.379 0.305 0.270 0.348 0.257 0.245 0.535 0.617 0.812 0.893
13 Gwangju

0.134 0.353 0.348 0.294 0.375 0.338 0.408 0.102 0.252 ‐0.027 ‐0.078 0.153

14 Jeonbuk

0.462 0.587 0.584 0.498 0.655 0.642 0.723 0.386 0.356 ‐0.036 0.034 0.257 0.760

15 Jeonnam

0.016 0.071 0.093 ‐0.010 0.233 0.012 0.138 0.197 ‐0.034 ‐0.067 ‐0.122 0.062 0.786 0.701

16 Jeju

0.411 0.551 0.545 0.676 0.566 0.510 0.609 0.385 0.434 0.149 0.524 0.565 0.162 0.457 0.160

Notes: Rows and columns are permuted according to blocks.
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16

Figure 4‐3. Deondrogram for hierarchical clustering, structural equivalence of inter‐regional collaboration
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Table 4‐4. Density table for inter‐regional collaboration, blocks identified by hierarchical clustering of structural equivalence

A1

A2

A3

A4

A5

A6

A1

9.80

6.29

4.56

3.44

3.69

2.72

A2

6.29

7.09

4.01

2.78

3.73

1.92

A3

4.56

4.01

10.04

4.23

2.89

1.70

A4

3.44

2.78

4.23

6.31

2.32

2.05

A5

3.69

3.73

2.89

2.32

7.59

1.86

A6

2.72

1.92

1.70

2.05

1.86

Notes: the average density = 4.23
Table 4‐5. Image matrix for inter‐regional collaboration, blocks identified by hierarchical clustering of structural equivalence

A1

A2

A3

A4

A5

A6

A1

1

1

1

0

0

0

A2

1

1

0

0

0

0

A3

1

0

1

1

0

0

A4

0

0

1

1

0

0

A5

0

0

0

0

1

0

A6

0

0

0

0

0

0

Notes: A1 (Seoul, Incheon, Gyeonggi, Gangwon), A2 (Daejeon, Chungbuk, Chungnam), A3 (Daegu, Gyeongbuk),
A4 (Busan, Gyeongnam, Ulsan), A5 (Gwangju, Jeonbuk, Jeonnam), and A6 (Jeju)
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In addition to the structural equivalence analysis, this section further
discusses the meaning of proximity in scientific research collaboration. This
includes not only the advantages of proximity but also the cases when the
proximity is out of concern.
Scientists can communicate with each other more efficiently and rapidly
than ever before, owing to various communication media. In particular, e-mail
revolutionarily promoted the efficiency of communication between scientists in
remote regions. In addition, electrified journals virtually eliminated the time gap to
acquire up-to-date information of scientific research. Even though most
interviewees agreed with an idea that the advancement of ICT alleviated the
physical distance, but, at the same times, they also admitted that proximity still
matters in scientific research collaboration. This study suggests three reasons why
proximity is of concern based on in-depth interviews with scientists.
First, scientific research collaboration is a social relation among two or
more scientists, which are social actors. Since collaborative research is cooperative
work, not independent work, human relationships among participants are crucial
for whether success or failure of the research. Furthermore, most researchers stated
that they do not undertake collaborative research if there are no human
relationships among collaborators.

“I am not likely to do research with one who I don’t know.
Even if a scientist published an innovative paper in a prestigious
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journal, I wouldn’t collaborate with the scientist unless I can
believe in his or her science. No matter how good papers a
researcher publishes, I would conduct collaborative research with
a rigorous and trustworthy researcher. Mutual trust is really
crucial.” (Professor A, Seoul)

“I don’t collaborate with all of every scientist. Even if their
topics are related to my research, scientific research is after all a
human activity. I would say human relationships are very
important.” (Professor B, Daejeon)

Moreover, a social relation must accompany trial and error to enhance its
quality. Even if an experiment for research is done very clearly, the process of
writing and publishing a paper would be different job based on human relationships
among collaborators. When some problems occur during the process, direct and
personal contact between collaborators would be an effective way to find and solve
the problem.

“Scientific research doesn’t always go well. Just saying that
let’s see after several months doesn’t guarantee the completion of
research, so we should meet each other to grasp a problem and
discuss it. But if we were remote, the process would be difficult.
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Scientific research is a human activity, so we should ask and learn
what a collaborator does to understand the work and networking.”
(Professor C, Daegu)

Second, scientific research encompasses experiments to verify research
hypotheses and bolster ideas. Although the types of experiments are variable across
topics and fields, scientists need to undertake a physical activity to do the
experiment in most cases except for fundamentally theoretical discussion. In the
case when transporting a sample of living thing is required for a researcher on
biological science, proximity and reachability to other collaborator would be
crucial for the experiment.

“Time sometimes matters when an experimenter should come
and go to move a sample because research usually encompasses
experiments.” (Professor D, Seoul)

“All processes are quick if we are close. This is because we
can send and receive samples, and do something together. We
sometimes do it by the Internet or video calls, but physical meeting
is important. Because scientific research is doing with substantial
things, reading and discussing is more efficient when we meet faceto-face.” (Professor B, Daejeon)
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In addition, expensive equipment which is not available in all laboratories
could increase the importance of proximity in scientific research collaboration. To
utilize expensive equipment for research, a scientist should physically move to the
location of the equipment. If it is located close to the scientist, he or she could save
time to conduct experiment and make collaboration.

“Not always, but proximity is advantageous. For example,
when expensive equipment is required for research, it could save
time and so advantageous if the equipment is close to me. In
particular, it is even more so if a specialized research institute is
close to me.” (Professor E, Daejeon)

Third, proximity enhances the exchange of tacit knowledge, which is
essential for innovative research. Regardless of recording media, not all ideas can
be codified and stored in forms of text, table, and figure. Thus, scientists need
official or unofficial opportunities such as meeting, forum, and conference to share
the idea. Although proximity does not ensure scientists to share their ideas, it could
contribute to improve the chance.

“We could talk diverse topics face-to-face, but it is limited if
we are remote from each other. Even telephone has the same
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limitation. Once meeting face-to-face, we could talk and share it
casually and even with drinking.” (Professor F, Gyeongbuk)

Most of the interviewees admitted that proximity is beneficial for scientific
research collaboration. However, we have to admit that the friction of distance has
significantly shrunk. The interviewees emphasized that proximity is not the
sufficient condition but one of necessary conditions. In particular, in the case of
high quality research, finding appropriate collaborators is more crucial than any
other factors. In this case, proximity is no longer such important although it still
holds its advantages.

“Generally speaking, being face-to-face is important. But If I
really need specific research, geographical distance is out of the
question. If I need the researcher for my high quality research, I
don’t care where he or she is. The importance of research
collaboration is rather important than proximity. The closer the
better, of course, but I could do collaboration with one who is not
close if I need him or her. (Professor G, Seoul)

Moreover, if research collaboration is effectively coordinated, physical
distance can be overcome, not completely but sufficiently. The roles of principal
investigator or institute that coordinate collaboration and improve relationships are
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rather more significant. The argument of “relational proximity” or “organizational
proximity” emphasized this coordinating process, which alleviates spatial
restriction and decreases the cognitive distance between collaborators (Boschma,
2005; Gertler, 2003; Torre & Rallet, 2005).

“Location is not important if a research topic is not
corresponded. … What matters is philosophy a principal
investigator has and how he or she coordinates the collaboration
for successful research. It is not proximity that determines the
success of failure of research.” (Professor H, Gyeonggi)

4.3.

Network Structure and Positions of Regions

The concept of regular equivalence focuses on the same social position and the
same ways with other actors. Contrary to structural equivalence, which requires
identical ties to identical other actors, regular equivalence requires the same kinds
of relationships with some members of other groups of actors (Hanneman & Riddle,
2005; Wasserman & Faust, 1994, p. 473).
In the same way the analysis of structural equivalence in the last section,
regular equivalence matrix was derived from the OCH matrix of inter-regional
collaboration (Table 4-7) and average link hierarchical clustering produced a
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dendrogram to classify 16 regions as the same kinds of relations (Figure 4-4). The
given result is slightly different from the counterpart of structural equivalence:
Block B1 (Seoul, Daejeon, Gyeonggi), Block B2 (Busan, Daegu, Gwangju,
Jeonnam, Gyeongbuk, Gyeongnam), Block B3 (Incheon, Gangwon, Chungbuk,
Chungnam, Jeonbuk), Block B4 (Ulsan, Jeju). It is remarkable that the most three
prolific regions, Seoul, Daejeon, and Gyeonggi, were blocked and the least two
regions, Ulsan and Jeju were fallen into a group (Table 4-6).
Especially noteworthy is the result that the blockmodel image matrix
partitioned by regular equivalence is clearer than that of structural equivalence.
Density values between Blocks B1 and B2, and Blocks B2 and B3 are high, while
all values within and between Block B4 are low (Tables 4-8 and 4-9).
Although the result shows an overall sketch to understand the scientific
collaboration networks of Korea at a glance, it does not account for the details of
the network structure. Moreover, it just gives the present state but lacks explanation
or interpretation about how and why the structure is constituted.

Table 4‐6. Four blocks of regions by the regular equivalence analysis

Block

Regions

B1

Seoul, Daejeon, Gyeonggi

B2

Busan, Daegu, Gwangju, Jeonnam, Gyeongbuk, Gyeongnam

B3

Incheon, Gangwon, Chungbuk, Chungnam, Jeonbuk

B4

Ulsan, Jeju
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Table 4‐7. Regular equivalence matrix of inter‐regional collaboration
1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

1 Seoul
2 Daejeon

0.923

3 Gyeonggi

0.971 0.929

4 Busan

0.892 0.944 0.896

5 Daegu

0.876 0.937 0.886 0.967

6 Gwangju

0.880 0.939 0.887 0.971 0.980

7 Gyeongbuk

0.874 0.935 0.885 0.968 0.988 0.978

8 Incheon

0.791 0.890 0.823 0.924 0.947 0.937 0.950

9 Chungbuk

0.809 0.909 0.856 0.943 0.954 0.952 0.954 0.961

10 Chungnam

0.836 0.929 0.874 0.947 0.958 0.956 0.959 0.969 0.976

11 Gyeongnam

0.884 0.944 0.894 0.981 0.971 0.974 0.973 0.940 0.945 0.949

12 Jeonbuk

0.821 0.908 0.854 0.951 0.964 0.957 0.967 0.949 0.972 0.960 0.953

13 Jeonnam

0.867 0.931 0.874 0.962 0.968 0.971 0.970 0.936 0.937 0.949 0.966 0.946

14 Gangwon

0.838 0.923 0.861 0.949 0.948 0.948 0.952 0.957 0.951 0.963 0.959 0.937 0.949

15 Ulsan

0.618 0.752 0.717 0.869 0.864 0.837 0.851 0.897 0.887 0.861 0.886 0.893 0.905 0.871

16 Jeju

0.519 0.643 0.602 0.787 0.777 0.768 0.784 0.879 0.831 0.814 0.820 0.832 0.874 0.847 0.962

Notes: Rows and columns are permuted according to blocks.
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16

Figure 4‐4. Deondrogram for hierarchical clustering, Regular equivalence of inter‐regional collaboration
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Table 4‐8. Density table for inter‐regional collaboration, blocks identified by hierarchical clustering of regular equivalence

B1

B2

B3

B4

B1

16.27

6.37

6.20

2.76

B2

6.37

5.42

3.52

2.50

B3

6.20

3.52

2.93

1.61

B4

2.76

2.50

1.61

0.41

Notes: the average density = 4.23

Table 4‐9. Image matrix for inter‐regional collaboration, blocks identified by hierarchical clustering of regular equivalence

B1

B2

B3

B4

B1

1

1

1

0

B2

1

1

0

0

B3

1

0

0

0

B4

0

0

0

0

Notes: B1 (Seoul, Daejeon, Gyeonggi), B2 (Busan, Daegu, Gwangju, Jeonnam, Gyeongbuk, Gyeongnam),
B3 (Incheon, Gangwon, Chungbuk, Chungnam, Jeonbuk), B4 (Ulsan, Jeju)
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So far, 16 regions of Korea are grouped into four clusters based on the
regular equivalence analysis. However, we cannot judge or distinguish the position
and role of each region from the derived groups. Therefore, network positions are
necessary to be classified in order to understand the network position of 16 regions
in the data set.
In social network analysis, “position” is defined as “a collection of
individuals who are similarly embedded in networks of relations” and “role” refers
to “the patterns of relations which obtain between actors or between positions”
(Wasserman & Faust, 1994, p. 348). Burt (1976) proposes four types of network
positions labeled Isolate, Sycophant, Broker, and Primary. Two classifying criteria
are (1) proportion of ties within position and (2) proportion of ties received by
position. According to the criteria, Isolate does not receive many ties and the
number of ties within position is more than that to other position. Primary not only
receive many ties but also the ties are made within position. Sycophants receive
fewer ties and have relations to other position. Brokers receive many ties and send
ties to other position (Table 4-10).

Table 4‐10. Typology of network positions
Position
whose member
receive fewer ties

Position
whose members
receive more ties

Ties within position > to other position

Isolate

Primary

Ties within position < to other position

Sycophant

Broker

Notes: Adapted from Burt (1976)
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Based on the typology of network positions, 16 regions of Korea were
classified into four types (Figure 4-5). Although the data set does not perfectly
satisfy the criteria of typology, the number of collaborated papers was used to
judge the type of each region. First, Ulsan and Jeju were isolated from the core of
scientific collaboration networks. They do not have many ties with other regions,
but ties within them are not such fewer. Second, Busan, Daegu, Gwangju, Jeonnam,
Gyeongbuk and Gyeongnam act as a collaboration broker. They hierarchically pose
between Primary and Sycophants. Third, Incheon, Gangwon, Chungbuk,
Chungnam, Jeonbuk are Sycophants to other regions, especially Primary and
Broker regions. Finally, Seoul, Daejeon, and Gyeonggi constitutes Primary group
as expected and observed in the previous sections.

Ulsan
Jeju

Incheon
Gangwon
Jeonbuk

Isolate

Primary

Sycophant

Broker

Chungbuk
Chungnam

Gyeongbuk
Gyeongnam

Seoul
Daejeon
Gyeonggi

Busan
Daegu
Gwangju
Jeonnam

Figure 4‐5. Four typology of network positions, applied to 16 regions of Korea
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The four typology of network position is further discussed with in-depth
interviews. The role of network positions are discussed mainly based on
implications earned from the interviews. This section especially deals with the
advantages and disadvantages of primary regions and non-primary regions. Several
selected interviews are inserted to support each finding in this section (quoted
anonymously except for the region to which interviewees are affiliated).
The strongest advantage of the primary regions is the large pool of
scientists. The size of pool indicates not only the number of scientists, universities,
and institutes but also the diversity of scientific research they have. When a
researcher requires collaboration to conduct research, the most crucial point is
whether an expert on the research topic exists or not. Even if there are thousands of
scientists near the researcher, a key collaborator who might contribute to the
research can be highly limited. Thus, huge pool of scientists does not itself ensure
collaboration but the diversity of pool increases the chance of collaboration.
Some researchers in a particular field could favor a specific university or
institute in a region over others in order to maximize the number of possible
collaborators. In general, however, most researchers would choose primary regions
such as Seoul, Daejeon, and Gyeonggi under uncertainty. In that sense, Seoul is the
most optimized location to reach other regions with rich transportation
infrastructure since it has more direct connections to anywhere by flight, train, or
bus than any other regions.
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“Seoul is the center of all transportation in Korea, so we
could easily go anywhere via Seoul. No matter where a
collaborator is, Seoul gives the most reachability. In a case where
you have collaboration with a researcher in Seoul or with a
research in a non-Seoul region, Seoul is more favorable for
collaboration.” (Professor I, Seoul)

One interviewee reported that the advantage of proximity becomes
obsolete if there are no collaborators near the researcher. He often hopes to find a
collaborator in proximate regions, but if he cannot, the proximity and the region of
a collaborator are no longer under his consideration. That is one reason why a great
deal of collaboration tends to occur between a researcher in Seoul and other
regions.

“There are not enough medical colleges and institutes in
Pohang. Although Daegu has some, but when collaboration with a
researcher in Daegu is compared with that in Seoul, it is not totally
different. So they usually go to Seoul for collaboration. … No
matter how close or how far away it is, if I have to go.”
(Professor F, Gyeongbuk)
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Since scientific research is not restricted to academia, the relations with
diverse institutes, organizations, and firms also affect the collaboration
performance. These tend to be concentrated in Seoul and the capital region, and
thus contribute to the advantages of these regions in scientific research
collaboration. Daejeon does not have as much population and sophisticated
infrastructure as Seoul; however it has a number of science-related institutes and
organizations by government-led policy.
One other crucial point that interviewees mentioned is that students matter.
When Korean high school students make decision for their future university or
college, geographical location is as important as their quality and prestige. Since
outstanding students generally prefer studying at schools in Seoul, professors in
Seoul are likely to be advantageous to conduct a variety of high quality research
simultaneously.

“The most important thing is the quality of students. This
means that professors at Seoul National University and some other
prestigious

universities

are

advantageous

in

Korea.”

(Professor J, Gyeonggi)

Several prestigious universities in non-capital regions, such as KAIST in
Daejeon and POSTECH in Gyeongbuk, contribute to alleviate Seoul’s
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mononuclear power in science and technology. However, of greater concern are the
regional advantage and disadvantage in universities.
Moreover, the pool of talented students promotes scientific research
collaboration in the both short and long term. In the short term, the students can
substitute for professor or principal investigator by conducting experiment,
contacting with other laboratories, and delivering materials. In many cases, they
usually visit other collaborator’s laboratory to support cooperation. In the long term,
on the other hand, they can keep studying and researching at another laboratory in
a different universities or institutes as students or post-docs. Therefore, they could
act as a connection to enable collaboration between their former and present
laboratories.

“One of the disadvantages in non-capital regions is the
absence of students. Professors typically send students to other
universities and institutes and make connections for collaborative
research, but in non-capital region, these students are limited. …
Professors can’t do everything by themselves without the support
of students” (Professor K, Gwangju)

So far, we mainly focused on the role of primary regions and their
advantages in scientific research collaboration. However, non-primary regions also
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have their virtues as brokers and sycophants, in terms of the typology of network
positions.
First, some scientists and universities at non-primary regions provide
research infrastructure to their adjacent scientists and universities, and thus
promote scientific research collaboration within the region. When key equipment is
required for a scientist in a remote region where that is not available, Seoul is most
likely to offer it in many cases. However, universities or institutes in broker regions
might also provide the particular equipment. Although they do not impact as much
as those at primary regions, the presence of scientists and universities in nonprimary regions can provide opportunities to make collaboration.

“Some researchers come to my university for equipment
because not all universities are equipped with expensive equipment.
That is rather more frequent than the opposite case. K University,
in that sense, acts as a flagship or hub in this region.”
(Professor L, Daegu)

“For K University, the presence of P University is
advantageous because they can utilize equipment at the university.
… Universities in remote regions usually lack infrastructure
comprehensively, so it is common that the researchers have to ask
for other adjacent universities. In terms of collaboration,
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researchers at some universities tend to want to collaborate with
researchers at P University.” (Professor J, Gyeonggi)

Second, scientists in non-primary regions tend to conduct research
accordingly with the needs of the local market. The research is likely to be applied
rather than basic technology, and thus diverse scientists from distinct fields should
collaborate for the research. This kind of research usually is not such innovative;
however, this actually contributes to the regional economy by providing local
governments and firms with appropriate science and technology.

“While scientists in Seoul do research at the national level,
but we usually do research relating to technological difficulties of
local firms and industries. It is good to contribute to the regional
community, but I’m afraid to be left behind the cutting-edge
technology in the world. … In a non-capital region, my research
tends to go to applied one rather than pure science. Applied
research needs not only my field but also diverse fields of science
and technology. Since local firms do not invest money into basic
technology, we should converge to make research bigger and
commercialize it. This is advantageous because I can participate in
multi-disciplinary convergence research although it lacks the
profundity of research.” (Professor K, Gwangju)
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In the scientific community, scientists usually share their data and relevant
materials via telecommunication media. However, this transmission using digital
technology is feasible only with the assumption that the data or information is able
to be codified. While ICT has promoted interactions between scientists, the
fundamental part of collaboration might remain uncodifiable. For the most, the
transfer of tacit knowledge still functions when scientists make face-to-face
contacts. In particular, a new research idea would not be organized in codified form
but entangled with many different ideas in a scientist’s brain. If scientists had
frequent opportunities to share the unorganized ideas in ordinary situations, new
collaborations might tend to emerge. In the process, geographical proximity could
encourage scientists to have such opportunities more frequently.
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5. Conclusion

In the knowledge-based economy, we should notice the significant role of
knowledge in regional economies. Although the advancements in ICT has
improved the accessibility to knowledge overall, its effect on each region is not
identical, and thus geographies of knowledge is still uneven. This study attempted
to measure the unevenness of knowledge by scientific research collaboration based
on the bibliographic data of scientific publications in SCI journals for the last 30
years. In particular, each collaboration tie is regarded as a relation, and classified as
inter-regional collaboration according to 16 regions of Korea.
The scientific research capacity of Korea has been growing and its status in
the world is commensurable to that of other economic activities. When it comes to
publications in SCI journals, Korean scientific research has not lagged behind other
economic performances. The spatial distribution of scientific papers indicates that
nearly two-thirds of all Korean papers are authored or coauthored by scientists in
Seoul, the capital of Korea. In other words, scientific research collaboration is
highly consistent with the spatial concentration of economic activities in Seoul and
its adjacent regions.
Through social network analysis on the data set and in-depth interviews
with scientists, this study reveals the spatial network structure of scientific research
collaboration. Specifically, inter-regional network structure and the positions of
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each region are classified and its dynamics are examined. Two main findings are as
follows:
First, geographically proximate regions are similar in terms of structural
equivalence, which means that geographical proximity partially contributes to
intensifying collaboration. This is because not only scientific research collaboration
is a social interaction among scientists but also scientific research accompanies
experiments in a physical form. Moreover, proximity encourages the exchange of
tacit knowledge, which is essential for innovative research. Geographical proximity
undoubtedly facilitates collaboration; however, it does not ensure prolific
collaboration between adjacent regions. One policy implication of this finding is
that improving coordination in collaboration process is as important as the research
capacity of each individual researcher. In particular, appropriate coordination is
crucial when research participants are geographically remote from each other.
Frequent and efficient face-to-face contact between researchers could be promoted
by coordination of the research; and this supports to substitute relational or
organizational proximity for geographical proximity.
Second, the measure of regular equivalence suggests that each region has
distinct position in the scientific research collaboration networks. Three leading
regions — Seoul, Daejeon, and Gyeonggi — are regularly equivalent, which means
they constitute regional hubs in the network. The large pool size and diversity of
scientist community are requisite for a scientist to find his or her collaborator. As
science has been highly specialized, the agglomeration effect is becoming more
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important in collaboration. This is one reason why Seoul and other primary regions
take the advantage of intra- and inter-regional collaboration. On the contrary, nonprimary regions also have their specialty and merit although they lack a number of
scientific researchers as a whole. They tend to focus on locally embedded research
and its application to regional economy and firms. Moreover, regional provincial
cities such as Busan, Daegu, and Gwangju provide infrastructure and collaboration
opportunities for their surrounding regions. The policy implication of this result is
to encourage access of researchers to collaboration network. As already seen,
collaborative research become the main trend in scientific research and its
publication. Therefore, scientific researchers could find more chances to participate
in significant research and improve their performance by involving the networks of
researchers. For policy makers, on the other hand, it is necessary to diagnose the
current state of collaboration networks and provide relevant environment to
construct networks. In the process, considering in the spatial network of regions
might contribute to find a more efficient and appropriate way in the scientific
research area.
The study did not thoroughly investigate the spatial network of scientific
research collaboration; nonetheless, it might be expected to give an insight into
overviewing the whole structure and each region’s position in the network. When it
is compared with previous studies, the empirical analysis focuses on “regions” and
their interdependent relations. The result shown in this study would contribute to
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regional policy in scientific research, especially inter-regional collaboration with
adjacent regions.
On the other hand, this study has several weaknesses in its approach and
empirical analysis on the topic. Published papers in SCI journals cannot represent
the whole scientific research but there are more unpublished studies, non-SCI
papers, and working projects. In addition, the data set has volatile records before
1990, and thus it hinders longitudinal analysis over thirty years. Furthermore, it
should be reminded that this study is mainly concerned with Korean scientific
research network, and thus the findings of this study might be restricted to Korea
because of its peculiar characteristics in collaboration.
Several directions for future research appear to be fruitful in relevant topics
and methodology. The approach outlined in this study would be applied to verify
the spatial network structure of other countries or regions. If further data were
available, repeating the study for smaller scale of regions or actors would shed
more light on the topic and policy implications.
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국문초록

한국 과학협력연구의 공간적 네트워크 구조:
SCI 논문을 대상으로
서울대학교 대학원
지리학과
김영롱

지식정보화 사회에서도 지식과 경제는 여전히 지리적으로 불균형적이다. 정
보통신기술의 발달로 인하여 지식에 대한 접근성이 높아졌음에도 불구하고, 각
지역에 대한 지식의 영향력은 동일하지 않기 때문이다. 본 논문의 목적은 지난
30 년간(1980-2010) SCI 저널에 출판된 논문의 서지 정보를 바탕으로 하여
이러한 지식의 불균형을 측정하는 것이다. 특히 개개의 과학협력연구를 해당
연구자의 소속 지역간의 관계로 간주하여, 한국의 16 개 시도간의 지역간 관계
로 분류하였다.
본 논문은 자료에 대한 사회네트워크분석과 과학자들과의 심층인터뷰를 통
하여 한국 과학연구협력의 공간적 네트워크 구조를 밝혔다. 보다 구체적으로는,
지역간 네트워크 구조와 각 지역의 네트워크 지위에 따라 지역을 분류하였고,
그 의미와 동인에 대해 분석하였다.
첫째, 지리적으로 근접한 지역들은 구조적 등위성 분석에 있어 유사한 지역
으로 분류되었다. 이는 지리적 근접성이 부분적으로 협력을 강화하는 데에 기
여하고 있음을 의미한다. 그 이유는 과학연구협력이 과학자들간의 사회적 상호
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관계이면서 물리적 형태의 실험을 수반하게 되기 때문이다. 그리고 근접성은
혁신적인 연구에 필수적인 암묵적 지식의 교환을 촉진하는 역할을 한다.
둘째, 일반적 등위성 분석을 통해 각 지역은 과학연구협력 네트워크 내에서
서로 다른 지위를 차지하고 있음을 밝혔다. 서울, 대전, 경기는 네트워크 내에
서 중심 지역으로서의 지위를 차지하고 있다. 그 이유는 과학자 커뮤니티의 규
모가 크고 다양성이 높기 때문에 연구협력자를 찾는 데에 유리하기 때문이다.
과학이 보다 전문화됨에 따라 이러한 집적 효과는 연구협력에 있어 더욱 중요
해지고 있다. 한편, 중심 지역 외의 지역들은 과학자의 수에 있어 전반적으로
불리하기는 하지만 각각의 전문성과 강점을 갖고 있다는 특징이 있다. 이러한
지역의 과학자들은 보다 지역 경제의 실정에 맞고 지역의 기업이 필요로 하는
응용 연구를 수행한다. 특히 부산, 대구, 광주와 같은 지역의 광역 도시들은 그
주변 지역과의 협력의 기회를 증진하고 그에 필요한 인프라를 제공하는 역할을
한다.
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