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Abstract

Purpose: The purpose of this research is to provide evidence for decision-makers to realize 
the potentials of collaborations between countries/regions via the scientometric analysis of 
co-authoring in academic publications.

Design/methodology/approach: The approach is that Osaka University, which has set a 
strategy to become a global campus, is positioned to have a leading role to enhance such 
collaborations. This research measures co-authoring relations between Osaka University and 
other countries/regions to identify networks for fostering strong research collaborations. 

Findings: Five countries are identified as candidates for the future global campuses of Osaka 
University based on three factors, co-authoring relations, GDP growth, and population growth.

Research limitations: The main limitation of this study is not being able to use the relations 
by the former positions of authors in Osaka University, because the data retrieved is limited 
by the query of the organization name at the first step.

Practical implications: The significance of this work is to provide evidence for the university 
strategy to expand abroad based on the quantity and visualization of trends.

Originality/value: With wider practical implementations, the approach of this research is 
useful in making a strategic roadmap for scientific organizations that intend to collaborate 
internationally.
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1 Introduction
Japan had an extremely low birth rate and is in the super-aging society (Park & 

Takenaka, 2019). In addition to the shortage of the labor force, super-aging society 
makes successions in science and technology more difficult. Japanese universities 
cannot get adequate students from Japan only (Deguchi, 2018), hence, science and 
technology will be stagnant. In order to leave technologies for future generations, 
the only solution for Japan is to delegate them overseas. Meanwhile, new and 
emerging economies in the world are growing rapidly, and they are seeking cutting-
edge technologies to further economic development. According to Melin and 
Persson (1996), Japanese universities get benefit in terms of enhanced technologies 
through collaboration with universities overseas, because international collaborations 
simultaneously enhance the quality of research and the attraction of citations 
(Glänzel, 2001; Jonkers & Cruz-Castro, 2013; Wagner & Leydesdorff, 2005). As 
such, international collaborations through a “global campus” (generally speaking, 
satellite campus (Healey, 2016)) will give a similar impact. Additionally, “research 
networks are a tool of international diplomacy” (Adams, 2012). Therefore, this 
research will enable people to find successors of Japanese science and technology.

1.1 The Medium-term Plan of Osaka University

Osaka University (OU) has enacted a Medium-term Plan (Osaka University, 
2018a) every six years, and the third Medium-term Plan (April 2016 – March 2022) 
is being enforced as of 2020. OU has set the following numerical targets in order 
to promote globalization of its research.

• To run International Joint Research Promotion Program (Osaka University, 
2018b), and to build approximately 80 International Joint Labs until March 
2022. [ID: 6-2]

• To open global campuses, and to conclude at least 120 academic exchange 
contracts with foreign universities until March 2021. [ID: 10-2]

• To adopt approximately 400 foreign faculties until March 2022. [ID: 10-3]

OU has already opened ASEAN (Association of Southeast Asian Nations) 
campuses in Brunei, Thailand, Vietnam, and Indonesia. In our previous research 
(Iwami et al., 2019), the analysis was performed to check the validity of the already-
opened ASEAN campuses and other ASEAN campus candidates were found. The 
next step is developing the campuses globally, and this research will provide the 
clues of the global campuses.

1.2 Research purpose

The purpose of this research is to provide an overview of the current status of 
collaborative research between OU and other countries/regions and as a way to 
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promote new collaborative research activities. In order to promote International 
Joint Research by the university’s strategic headquarters, this work proposes a 
methodology of identifying: (1) strong academic collaborative countries/regions for 
building global campuses, and (2) researchers performing international joint research 
to request actions as a main player in university strategy. The merit to use co-authoring 
relations as an indicator is to perform matching on the scientific fields at the same 
time when researchers are found.

2 Methodology
This research was performed in the following steps:

(1) The bibliographic data related to OU in 2001–2018 were retrieved.
(2)  Co-authoring relations between OU and other countries/regions were counted, 

and transitions were visualized.

Through these visualizations, the increase and decrease of collaborations among 
overseas partners across periods were overviewed at a glance.

2.1 Retrieved data

The bibliographic data of 108,948 academic papers were retrieved from the Web 
of Science; the data were provided by Clarivate Analytics (as of December 24, 
2019). The data were retrieved with the query, OG=(“Osaka University”), from 
publication year 2001 to 2018. 

2.2 How to count co-authoring relations

Integer counting (Leydesdorff, 1989; Park, Yoon, & Leydesdorff, 2016) was used. 
However, academic papers with more than 1,000 authors were excluded. For 
example, in large-scale projects such as large-scale accelerators where many authors 
are usually involved. In light of the purpose of this research, these co-authorships 
of “kilo-paper” do not fit on the extraction of deep collaborations. 

OU makes strategy every six years: 2004–2009, 2010–2015, and 2016–2021. 
Thus, co-authoring relations were counted every half of strategy period in addition 
to the previous three years (2001–2003).

2.3 Factors to select countries/regions

The co-authoring relation is defined as the most important factor. Additionally, 
GDP (gross domestic product) growth (World Bank Group, 2019a) as capitals and 
population growth (World Bank Group, 2019b) as young receivers are added to 
select countries/regions. The refinement of countries/regions is performed in the 
order of co-authoring, GDP growth, and population growth.
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3 Results and discussion
3.1 Transition of research collaborations with the other countries/regions 
and organizations

To overview the research collaborations, Figure 1 illustrates contries/regions’ 
number of co-authoring papers with OU, and Table 4 in the Appendix tabulates the 
corresponding numbers. The co-authorships of “kilo-paper” are removed from the 
results.

In this research, the top countries are the USA (the United States of America), 
China, Germany, and England, that are also the top four countries in the total number 
of academic papers in 2018. The characteristic countries/regions are South Korea 
and Chinese Taiwan, which are geographically close to OU. Similar to a previous 
research (Iwami et al., 2019), Thailand, Singapore, and Vietnam are ranked within 
the top 25.

Fi gure 1. Transition of co-authoring relations between OU and the other countries/regions.

After the top 50 countries/regions were selected on the basis of the number of 
the co-authoring relations in 2016–2018 as shown in Table 4 in the Appendix, the 
top 15 countries/regions were selected on the basis of GDP growth or population 
growth. Capital, labor force and technological capability contribute to the economic 
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growth of a country (Solow, 1956; Swan, 1956). This Solow-Swan model won the 
Novel Prize in economics in 1987 (Nobel Media AB, 2020). Considering that the 
number of co-authoring is an indicator of technological capability, GDP growth and 
population growth were carefully selected as indicators related to capital and labor 
force. Surely, taxation, infrastructure, education and the others could be considered 
as additional indicators, and the analysis could be even more extensive. However, 
since the existing ASEAN campuses were selected based on researchers’ connections, 
the indicators in addition to research collaboration must require the strong grounds 
that are related to the Nobel Prize in economics.

Table 1 shows the selected countries from Table 4 in the Appendix on the basis 
of 2018 GDP growth provided by the World Bank (World Bank Group, 2019a). 
Based only on Table 1, Ireland, Middle Europe around Hungary, Egypt, China, 
India-Bangladesh region, Philippines, Malaysia, and Chile are candidates for the 
future global campuses. Based only on Table 2, Middle East around Egypt, South 
Africa, Sweden, New Zealand, Australia, Philippines, Malaysia, and Chile are 
candidates. The bold countries (Egypt, Bangladesh, Indonesia, Philippines, Malaysia, 
and Chile) were also selected as common candidates in the Table 1 and Table 2.

In the previous research (Iwami et al., 2019) about the relations with ASEAN, 
Thailand, Singapore and Vietnam had the largest share for OU in the latest period 
2016–2018, and Malaysia was at the third rank in the previous period 2013–2015. 
Considering the growth rate of co-authoring relations, Indonesia will be an important 
partner with OU. Before this analysis, OU had decided ASEAN campuses in 
Thailand, Vietnam, Indonesia, and Brunei (Osaka University, 2017), and the former 
three countries’ selection matches these results.

Ta ble 1. 2016–2018 Co-authoring countries selected on the basis of GDP growth (≥4.0).

GDP Growth EMEA (Europe, Middle East, Africa) APAC (Asia, Pacific) AMER (Americas)

Top 5 Ireland China, India, Vietnam, Bangladesh
10 Poland, Hungary, Egypt Indonesia, Philippines
15 Romania, Slovakia, Slovenia Thailand, Malaysia Chile

Table 2 shows the selected countries from Table 4 in the Appendix on the basis 
of 2018 population growth provided by the World Bank (World Bank Group, 2019b). 
Considering common countries both in Table 1 and Table 2, Egypt, Bangladesh, 
Philippines, Malaysia, and Chile are candidates for the future global campuses. The 
effectiveness of the OU’s past strategy may have led to this result that ASEAN 
countries increase the number of their co-authoring relations with OU. However, 
Malaysia, Philippines, and Indonesia don’t have ASEAN campuses yet, so it is 
considered that these three ASEAN countries are strong candidates.
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 Table 2. 2016–2018 Co-authoring countries selected on the basis of population growth (≥1.1).

Population Growth EMEA (Europe, Middle East, Africa) APAC (Asia, Pacific) AMER (Americas)

Top 5 Egypt, Israel, Saudi Arabia New Zealand, Australia
10 Turkey, South Africa, Iran Malaysia, Philippines Canada, Chile
15 Sweden Indonesia, Bangladesh Mexico

Figure 2 illustrates organizations’ number of co-authoring papers with OU, and 
contries/regions  are displayed with alpha-3 code of ISO 3166-1. Chinese Academy 
of Sciences and Seoul National University have decreased the number of co-authoring 
with OU, while other contries/regions have increased it. Meanwhile, the world’s top 
universities such as Harvard University and Oxford University have increased it. 
However, the United States has kept stagnant about it. There is a trend that European 
universities such as Paris-Saclay University, University of York, and University 
Oslo have been developed as new co-authoring since 2010. In Figure 1, Germany 
is ranked at the third, but German organizations are not included within the top 25 
in Figure 2. The reasons are that a large number of German organizations (500 
German organizations / 5318 in 2016–2018) have a small number of co-authoring 
with OU, and MAX PLANCK was registered separately by departments.

F igure 2. Transition of co-authoring relations between OU and the other world organizations.
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3.2 Top collaborative researchers in Osaka University—case of 
Philippines

After deciding the countries/regions, researchers having strong relations are 
identified. Here, assuming that a global campus will be opened in Philippines, 
Figure 3 shows a part of the breakdowns of world co-authoring countries/regions 
with the top researchers in OU. The reason is that the two authors are related to 
Philippines, and there is no problem to reveal the names for scientific productivity. 
The thickness of the ring becomes wider as the number of papers in that period 
increases. The same color is used for one organization in one researcher lane beyond 
the periods. The labels are represented using the initial letters of the university, and 
the labels and shares are rendered if the share is 10% or more. The number in square 
brackets written on the left of researcher’s name in Figure 3 is the number of the 
author’s papers. The number in square brackets written on the left of an organization 
is the number of the co-authors. The specialized field, written on the right of 
researcher’s name in Figure 3, is extracted automatically based on the maximum 
field in the latest period 2016–2018.

Fi gure 3. Share of Co-authoring Organizations of Researchers in Osaka University.

The 1st researcher has too many co-authoring organizations, so Philippines is not 
especially important for him. According to Figure 3, the 2nd researcher is a suitable 
person to ask for opening a global campus in Philippines. The University of 
Philippines has several campuses, so “Univ Philippines *” belong to the same 
university system. The 6th researcher belongs to the same lab with 2nd researcher, so 
he will also join the 2nd researcher’s action.

To find strong relations, the OU researchers are ordered by the maximum number 
of co-authoring with each organization. As a result, researchers of astronomy are 
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ranked up due to papers having a large number of co-author. It does not match the 
purpose, because such co-authoring means weak relations. Thus, the number of 
co-authoring internationally was adopted.

Table 3 shows the dependence rate for Philippines in 2001–2018, and the high 
dependence rate will indicate the high potential of the collaboration about the 
strategy towards the world. The dependence rate of each author is simply defined 
as below:

[ ]
[ ]

number of co authoring papers with target countries
Dependence rate

number of all papers

−
=

Tab le 3. Dependence Rate of ASEAN-related Top 10 Researchers in Osaka University.

Field Dependence Rate

1 (blind) Astronomy & Astrophysics  0.7%
2 SARUKURA, NOBUHIKO Optics 22.9%
6 SHIMIZU, TOSHIHIKO Physics 23.3%

3.3 Limitations

How to select data is always an issue. Since available data amount of analysis 
depends on computer resources, bigger data is not always good. However, in this 
research, as a result of narrowing the initial data set to the scope of OU, it became 
impossible to trace if the researchers belonging to OU have a relationship with 
world organizations under the name other than OU.

There are issues that cannot be solved even if data cleaning was performed – for 
examples, variations of person’s name or organization name, people with the same 
name, indefinite pairs between affiliation and a person. The analysis result should 
be interpreted as a trend, but it is necessary to pay attention that bias will occur if 
the amount of data is small. 

4 Conclusion

This research is performed on the purpose of providing evidences for Osaka 
University’s strategy of internationalization from the view of evidence-based 
decision-making. Co-authoring implies relations to take an action and plays a role 
to match scientific fields with partners’ interests. In order to decide partners for 
OU’s global campuses, the findings are:

• From the view of the strength on co-authoring, GDP growth and population 
growth, the following countries are identified as candidates for the future 
global campuses: Egypt, Bangladesh, Philippines, Malaysia, and Chile.
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• The existing ASEAN campuses in Thailand, Vietnam, and Indonesia matches 
factors of co-authoring and GDP growth.

• An approach to identify researchers who has strong relations with target 
countries/regions is evaluated.

The originalities of this research are time-series visualization of shares and the 
analysis from the view of partners. In future works, the analysis from the view of 
on-site requirements and existing competitors should be added as described in 
PEST (politics, economy, society, technology) analysis and 3C analysis (customer, 
competitor, and company). The economic analysis will give a foresight about the 
compatibility of OU’s global campus.
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