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Abstract

There are many studies devoted to university collaboration, but little is known about the existing
structure of researchers’ collaboration: which structures foster academic development and which do
not. In our study, we analyze the co-authorship networks of eight leading young universities to
investigate the collaboration structures of their researchers. We construct the corresponding co-
authorship network for each university based on publication data from Scopus for the years 2017—
2019. Our analysis includes two-mode university authorship networks, one-mode co-authorship
networks, and subnetworks of authors who demonstrate the most productive collaboration. We found
that the basic collaboration characteristics of leading young universities are quite similar. These
universities exhibit a high level of collaboration, though the patterns of collaboration vary. The
subnetwork of authors demonstrating the most productive collaboration reveals different structures
based on the number of components and the geographic distribution of the authors. Our results
highlight that collaboration is an important resource for leading young universities, but the
collaboration structures of their authors differ significantly. Although overall collaboration is high,
structural difference impact academic performance. Besides the prevalence of authors with certain
types of affiliation, three collaboration models are identified: diverse collaboration, active intra-
university collaboration, and active international collaboration. We discuss the risks associated with
differing core compositions and propose policy recommendations based on our findings.

Introduction

Searching for the most effective methods and models of university development has
been the subject of many studies. This question is especially relevant for young
universities as they seek their path to academic success. Factors influencing
university academic success have been studied at several levels: national (Heng et
al., 2020), institutional environment (Altbach, 2009), and organizational (Amara et
al., 2015; Goodall, 2009). Scientific collaboration is often cited as one of the main
factors promoting academic excellence (Landry et al., 1996; Altbach & Salmi, 2011;
Lim & Boey, 2014; Lariviere et al., 2015). There are also recommendations for
university policymakers to foster collaboration (Altbach, 2009; Abramo et al., 2009),
and some young universities actively follow these recommendations (Costa, 2021).
In previous studies, various types of collaboration and their influence on academic
performance have been examined. It has been shown that international collaboration
positively affects the research performance of both individual scientists and
universities (Ni & An, 2018; Matveeva et al., 2021) and that long-term collaboration
has a greater impact on university development than short-term collaboration
(Guskov et al., 2018; Altbach, 2009). Collaboration with industry has also been
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found to positively influence university publication output (Bikard et al., 2019).
Moreover, it is not only the type of collaborator that is important but also the position
of scholars and universities within the academic network (Bordons et al., 2015; Chen
et al., 2020). A central position in the network enhances access to information and
other resources, facilitating their exchange. This, in turn, increases research activity
and improves its quality. Another critical network characteristic is the probability of
link formation (Ferligoj et al., 2015). The likelihood of link formation depends on
many factors, including network structure, research policy, and institution-specific
elements. Despite the extensive research on scientific collaboration, little is known
about the structure of collaboration and its impact on universities’ academic
performance. Our work is devoted to the following question: Do leading young
universities have the same collaboration strategies?

There are different approaches to analyzing the scientific collaboration of
universities. Often, collaboration between universities is measured by the number of
joint publications with various organizations and their distribution across different
disciplines (Kotiranta et al., 2020; Matveeva et al., 2021). This approach emphasizes
the intensity of collaboration and its preferences but does not reveal the impact of
individual authors or the structure of collaboration. Another approach is fractional
analysis (Batagelj, 2020; Demaine, 2022), which considers the impact of individual
authors in collaboration. The fractional approach can be applied to both raw
bibliometric data and network data. Co-authorship network analysis, on the other
hand, explores the ways and channels for the transmission and dissemination of
knowledge, thereby revealing the structure of collaboration (Mali et al., 2012;
Matveeva & Ferligoj, 2020).

In our study, we apply co-authorship network analysis to investigate the
collaboration structures of selected leading young universities. Our work addresses
the following questions: Do leading young universities have the same collaboration
structures? What parameters are similar, and which ones differ? To answer these
questions, we analyze the co-authorship network of each university at two levels.
First, we investigate ‘full’ non-normalized co-authorship networks to examine the
general collaboration characteristics of the universities. We analyze both two-mode
authorship networks and one-mode co-authorship networks. Then, from normalized
co-authorship networks, we extract subsets of authors with the most productive
collaboration (Ps-core). For this subset, we analyze the collaboration structure and
the geographic distribution of authors.

The work is structured as follows: In the theoretical chapter, we describe the features
of selected leading young universities and their collaboration strategies. The next
chapter is devoted to the description of the data and methodology. In the chapter
outlining the results, we provide an analysis of two types of co-authorship networks
and the subset of authors with the most productive collaboration. In the final section,
we discuss the findings and their limitations.
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Features of leading young universities and factors influencing collaboration
strategies

The term 'leading university' can have multiple interpretations, as leadership can be
demonstrated in various areas such as research, teaching, the local labour market, the
global academic market, and more. As usual, universities choose one or several
niches and make efforts to take leading positions in them. To measure universities’
activity and detect the leaders there are different World Universities Rankings. Each
ranking has its methodology and procedure of inclusion, and there is a correlation
between them (Robinson-Garcia et al., 2019). However, the influence of English-
speaking countries is especially noticeable in the THE and QS Rankings (Moed &
Moed, 2017), while ARWU is strongly biased towards US universities (Safon,
2013), and the Nature Index is biased towards natural science. The majority of
rankings are biased towards research universities (Vernon et al., 2018).

For young universities, achieving a World Ranking is an important and desirable
success indicator. Due to the lack of financial and reputation resources (Altbach &
Salmi, 2011), young universities are compelled to search for additional sources to
support their activities. Collaboration could be one such source. Indeed, several
studies have identified collaboration with business and industry (Mok, 2013) and
other leading universities (Lim & Boey, 2014) as factors that promote the academic
success of young universities. However, little is known about the collaboration
strategies of leading young universities, and we observe that these may vary (Crow,
2021). For some young universities their collaboration potential is not fully used
(Khor & Yu, 2016).

In a work (Lancho-Barrantes & Cantu-Ortiz, 2021), for the sample of leading
universities (not young) was found that top universities have strong research profiles,
and some show more affinity among them than others. This result indicates that
leading universities have different collaboration strategies and many factors may
determine them. Due to the complex nature of scientific collaboration, choosing
collaboration strategies is a relevant issue for both young and established
universities. The complex nature of scientific collaboration is determined by the
individual characteristics of scholars, institutional and organizational factors,
country-specific elements, and a combination of all these aspects. Technology,
intergovernmental programs, and policies are external factors influencing
collaboration (Ribeiro et al., 2018; Lariviére et al., 2015). On an individual level,
motivation, research capability, and communication environment enhance
collaboration (Zinilli et al., 2023). Academic culture, funding, institutional support,
and the level of country institutionalization are institutional factors influencing
scientific collaboration (Heng et al., 2020).

Country and culture-specific characteristics are also important in building a
collaboration strategy. For instance, several studies have mentioned that global
collaboration networks have a core-periphery structure, with Western countries at
the core. Periphery countries face more challenges in research development,
although their role is increasing year by year (Gazni et al., 2012; Gui et al., 2019).
Often, the principle of cultural or geographic similarity is prevalent in countries’
collaboration (Matveeva et al., 2022), meaning that collaboration more frequently
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occurs between similar entities. Another crucial point is the influence of a country's
research system on scientific collaboration. For example, for developing countries,
building a strong collaboration system is an additional challenge due to the lack of
specific institutes (Altbach, 2009; Heng et al., 2020).

In addition to external factors, the research profile of a university may also affect its
collaboration. The positive effect of scientific collaboration on research productivity
varies across different segments and institutional environments. The collaboration
rate strongly correlates with the research discipline (Landry et al., 1996). On average,
the number of authors per paper is higher in natural sciences and lower in social
sciences and humanities (Lariviére et al., 2006). In medicine and health sciences,
research groups are most important, while international networks are most important
in the natural sciences (Kyvik & Reymert, 2017).

Along with standing factors, many direct and indirect government research programs
influence universities’ scientific collaborations. Some government research
programs have a strict focus on stimulating scientific collaboration. For example, a
program in Japan encourages scientific collaboration to increase university visibility
and attract international researchers and students (Ota, 2018). Yonezawa & Shimmi
(2015) note the positive trend of Japanese universities' internationalization, although
the impact is smaller than expected. In other programs, collaboration is not a priority
but remains important. Universities may increase scientific collaboration to perform
key indicators of government programs. The Russian Government Excellence
Initiatives had a significant effect on universities’ scientific collaboration (Matveeva
& Ferligoj, 2020; Aldieri et al., 2020). Beyond government programs, universities
have made efforts to internationalize themselves. For instance, Japanese universities
increase the number of international programs for students and improve the English
proficiency of their scientific staff (Ota, 2018). Singapore University NTU
encourages partnerships with several leading overseas universities and multinational
companies (Lim & Boey, 2014). Similarly, POSTECH University has actively
developed a research network with top-class universities worldwide to become a
world-class research institution (Altbach & Salmi, 2011).

There are various external and internal factors that affect the collaboration patterns
of universities. With that, developing universities are in search of effective resources
for growth, and collaboration can be this source. These universities often have a
common mission and employ similar strategies to attain their goal: taking a leading
position in the academic market. Analyzing the collaboration patterns of leading
young universities can help us identify both common and distinctive collaboration
characteristics. The common characteristics might represent effective practices that
contribute to success, whereas unique characteristics could reflect national or
institutional specificity of university.

Material and methods

In our study, we focus on young universities because they often have the same initial
position. Collaboration may be their main resource due to the lack of other resources:
human, financial, and reputation. As a measure of leadership, we use information
about the position of the universities in different World University Rankings: Times
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Higher Education (THE)!, QS World University Rankings (QS)?, Nature Index®,
Shanghai Ranking (ARWU)#, and University Ranking by Academic Performance
(URAP)®. We use several rankings to minimize bias toward concrete countries and
disciplines (Robinson-Garcia et al. 2019). Nevertheless, these rankings are biased
toward research universities, so our sample mostly represents young research
universities.
We use the following steps for the sample formation:

1. Select the top 15% of the ranking for the analyzed years 2017-2019.

2. Choose universities that hold leading positions in at least three rankings.

3. Select young universities that were established after 1970.

4. Exclude merged universities as they are not really young.
After this procedure, we identified 8 leading universities, which also hold leading
positions in the THE Young University Rankings. The analyzed universities are
located in East and Southeast Asia, Europe, and Australia, and have either technical
or general profiles (Table 1). For the observed period, NTU has the largest number
of publications (25189), while UPF has the fewest (6054). The University of Sydney
has the highest value of students per staff (43.40), and South Korean universities
KAIST and POSTECH have the lowest (10.40 and 10.70 respectively). Moreover,
UM has the highest share of international students (52%). This value can be
explained by the university's location near the borders of several European countries.
Korean universities demonstrate the lowest share of international students (4% in
POSTECH and 9% in KAIST). The median place of the analyzed universities in the
THE ranking is 125 (general ranking) and 9.5 (young universities ranking).

Table 1. The sample characteristics.

Name Country Year of Number of Number Share of THE young Dominant
establish publications of international & THE research fields
ment in Scopus students students* general rank since 2004**
2017-2019 per staff* in 2019
Nanyang Singapore 1991 25189 16.70 0.28 3&47 Energy,
Technological Engineering,
University (NTU) Computer Science
Hong Kong Hong Kong 1991 9225 23.60 0.31 1& 56 Engineering,
University of SAR Materials Science,
Science and Computer Science
Technology
(HKUST)
Korea Advanced South Korea 1971 12543 10.40 0.09 6 & 96 Engineering,
Institute of Materials Science,
Science and Chemical
Technology Engineering
(KAIST)
Hong Kong Hong Kong 1994 15155 27.80 0.25 15 & 129 E%Qd;i%fslgg,
Polytech_nlc SAR Management’ and
University Accounting,
(Polyu) Energy

! https://www.timeshighereducation.com/world-university-rankings
2 http://www.topuniversities.com/
% https://www.nature.com/nature-index/institution-outputs/generate/all/global/all
4 https://www.shanghairanking.com/
S https://urapcenter.org/
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Pohang South Korea 1986 6179 10.70 0.04 8 & 152 Materials Science,
University of Engineering,
Science and Energy
Technology
(POSTECH)

University of Awustralia 1988 13094 43.40 0.36 13 & 160 Engineering,
Technology Computer
Sydney (UTS) Science,
Environment
Science
Maastricht Netherlands 1976 13338 15.80 0.52 11& 121 Psychology,
University (UM) Neuroscience,
Engineering
Pompeu Fabra Spain 1990 6054 21.30 0.13 12 & 152 Social Science,
University (UPF) Health
Professions,
Engineering

*According to the data of THE ranking for 2019
** According to Rankless company: https://www.rankless.org/about

For the analysis, we use all types of publications attributed to the universities' profiles
in Scopus for the period 2017-2019. Before constructing the co-authorship networks,
preliminary data preparation was conducted. We read and inspected the Scopus data,
corrected parsing issues, removed duplicates, and extracted article IDs, author IDs,
and authors' names. Based on the prepared publications dataset, we generated
networks for each analyzed university. To analyze the scientific collaboration of the
universities from various perspectives, we created three types of networks: the basic
two-mode authorship network, the non-normalized one-mode co-authorship
network, and the normalized subnetwork of the most productive authors. Since
Newman’s normalization does not account for loops in the co-authorship network
(i.e., single-authored papers), we focus exclusively on authors who have
collaboration with others. Thereby, our subnetwork includes only the authors with
the most productive collaborations, where productivity defined by the number of
papers.

Two-mode authorship network works-authors (WA)

For each university, we constructed two-mode authorship networks. These networks
enable us to analyze the relationships between authors and their papers, linking the
set of works with the set of authors. There is an arc (directed link) from work p to
author u if and only if u is an author of work p (Batagelj & Cerinsek, 2013). We use
the following network characteristics to analyze this network:
- number of rows and columns are the number of works and the number of
authors respectively
- number of links counts the number of authorships
- maximum and average out-degree - the maximum and average number of authors
per work
- maximum and average in-degree - the maximum and average number of works per
author
the distribution function of in - and out-degrees
Assume that the authorship network is described by the matrix WA. The projection Co =
WAT*WA of the network WA produces a one-mode co-authorship network.
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- Co[a, b] = number of works that authors a and b co-authored
- Co[a, a] = number of works co-authored by the author a

Co-authorship network (Co)

In this network, nodes represent authors, and links between them represent co-authored
papers. The weight of a link corresponds to the number of co-authored papers. This network
represents collaboration between scientists and is undirected. For this network, we calculate
the following characteristics:
- number of nodes - the number of authors appearing in the university’s bibliography
co-authorship network
- number of links - the number of different pairs of co-authors
- number of components - the number of connected subgroups (CC)
- average degree - the average number of different co-authors that the author has
- distribution of (connected) components: size and proportion of the largest
component LC = n(LC)/n, where n = number of nodes; link-proportion = m(LC)/m,
m = number of links; proportion of isolated nodes IS = n(IS)/n
- size of the main core, n(MC) and the number of links in the main core, m(MC)

These characteristics allow us to analyze the size of connected and isolated groups and their
share in the full network.

Subnetwork of authors with the most productive collaboration

In the standard co-authorship network, works with many co-authors are overrepresented. To
make the publication output of authors comparable we normalized the analyzed networks.
For the WA networks, we applied both Standard and Strict (Newman’s) normalizations
based on fractional approach (Batagelj, 2020). In the Standard normalized network n(WA),
each row is divided by its degree and the author's self-collaboration (loops) is taken into
account:

n(WA)[p, a] = WAIp, a]/deg(p) 1)
In Strict normalization loops are not consider:
n'(WA)[p, a] = WA[p, a]/(deg(p)-1) )

We multiplied two normalized WA networks to obtain a normalized network Ct' (the
detailed procedure is described in (Maltseva & Batagelj, 2022)):

Ct' =Do(n(WA)™*n'(WA)) 3)

where the function Do(M) sets the diagonal of a square matrix M to 0.
From the normalized Ct' network, we extracted a Ps-core. A Ps-core at level t is the maximal
subset where each node's (author's) contribution (weighted degree = sum of author's link
weights) in collaboration with authors within the core is greater or equal to the threshold t
(Batagelj & Zaver$nik, 2011; Batagelj et al., 2014). For each analyzed university, we
examined the distribution function of Ps-core values and chose the cut level that produced
around 100 nodes (authors). The Ps-cores are nested — if t; < t, then Ps(t,) S Ps(t).
Decreasing the level increases the size of the Ps-core, but no old Ps-core node/link is
removed.
For the Ps-core subnetwork, we considered the following:

- number of nodes

- number of clusters (core’s connected components)
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- number of clusters of different size

- nodes property (geography of authors’ affiliations)
Data cleaning and all computations were done using the programs R (R Core Team (2023))
and Pajek (http://mrvar.fdv.uni-lj.si/pajek/).

Results

Authorship network characteristics of the universities

We start the analysis from the two-mode authorship network Works — Authors (WA). This
network represents the connection between authors and their works. We observe that NTU
has the largest number of publications while UM has the highest number of authors (Table
2). HKUST shows outlier collaboration characteristics. On average, one author in this
university has 32.47 works. This is a huge value. In contrast, at other universities, a scholar
typically has 2-3 works. At HKUST, the maximum number of authors in one work is 5215
and the maximum number of works which one author has is 438. This suggests that HKUST
actively participates in mega-science projects involving several thousands of authors.
Beyond this outlier, we find that UPF and UM have the highest average number of authors
per work (around 12 authors). With that, UPF demonstrates the lowest number of works that
one author has on average (2.29 papers per author). Apart from HKUST, KAIST
demonstrates high authors’ productivity, with an average author having 3.53 papers. It
should be noted that average values are sensitive to distribution function so this is more
informative where the analyzed values have the same distribution function. Therefore, the
distribution function of authors per work and works per author should be analyzed.

Table 2. Two-mode authorship networks of analyzed universities.

POSTECH KAIST UM NTU UTsS HKUST PolyU UPF
Number of rows 6179 12543 13338 25192 13094 9225 15155 6054
Number of 15772 28006 66996 57779 32235 28108 32010 30715
columns
Number of links 37487 98952 161754 | 152146 81505 912770 91058 70353
Average in- 2.38 3.53 241 2.63 2.53 32.47 2.84 2.29
degree
Average  out- 6.07 7.89 12.13 6.04 6.22 98.95 6.01 11.62
degree
Max out-degree 382 1555 2582 1211 1211 5215 1211 1211
Max in-degree 169 105 122 188 192 438 248 117

We observe that the distributions of the number of works per number of authors of a

work are not similar among the analyzed universities (Figure 1). Both HKUST and

KAIST have a 'long tail' featuring works with several thousands of authors. UPF and
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UM have a notable number of works containing between 100 and 1000 authors.
POSTECH University, on the other hand, has very few multi-authored works.
Despite these differences, the distributions of the number of works per number of
authors across all universities indicate that the number of works decreases when the
number of authors per paper exceeds five.

PolyU HKUST KAIST U

s 1000

NTU POSTECH UPF uts

£l o 12 0 0w 2 ' £ ow 0 00 1 E s
#authors Hauthors Hauthors #authors

Figure 1. Distributions of the number of works per number of authors of a work for
all universities.

When examining the distribution of the number of authors per number of works of
an author, we observe comparable collaboration characteristics across seven
universities, with HKUST being an outlier (Figure 2). The red lines indicate the 90%
quantile of distribution. We find that in most of the analyzed universities, 90% of
authors have between 4-7 works, except for HKUST, where this value is 149. There
are also some outlier groups in UM, where many authors (more than 1,000) have
published numerous papers. This can be attributed to the prevalence of multi-author
works, typical in the High Energy and Particle Physics fields (Matveeva et al., 2021).
Another important observation: analyzed universities have completely different
numbers of authors with only one paper for 3 analyzed years. NTU does not have
such authors. It seems that this university concentrates on research activity and
authors have some obligations or stimulus to have more than 1 paper per 3 years. In
UM, the opposite situation is observed: 43452 authors (from 66996 total) have only
one work for 3 analyzed years. This university does not have a high number of
students per staff (Table 1), so we may assume in UM there is no strong obligation
to publish.
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Figure 2. Distributions of the number of authors per number of works of an author
for all universities.

We look at the co-authorship network of authors in universities’ networks to analyze
collaboration patterns between authors (Table 3). In this network, authors are nodes
and links represent co-authorships - the weight of a link counts the number of
publications that the linked authors co-authored. The analyzed universities are well-
connected and have a comparable proportion of the largest component (the number
of connected nodes divided by the number of nodes in the network). The proportion
of links in the component is almost the same in all analyzed universities. Here we
also observe some university-specific collaboration patterns. NTU has the highest
number of connected authors and the number of connected components is two times
higher than in other universities. With that, the number of direct co-authors (average
degree centrality) at NTU is not high in comparison with the other universities
(213.36 at NTU and 599.12 at UM). For this university, it is typical to collaborate in
small separated groups. POSTECH has the lowest number of connected authors and
degree centrality. On average, one author is connected with 55 co-authors in a
network. This value is the lowest in the sample but still big. Such average value is
explained by the presence of works with many authors (for example, 382 authors per
work, see Table 2). For this university, it is typical that authors collaborate with one
or several well-connected groups. Here we also observe unique collaboration
patterns of HKUST: the huge value of degree centrality, although the number of
connected groups in this university is not so high. These observations suggest that
there are numerous local collaborations among authors and these collaborations
occur within connected groups. The presence of a large connected component is
typical for UM, while KAIST has the lowest number of isolated nodes — almost all
nodes are connected.
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Table 3. Co-authorship networks of analyzed universities.
POSTECH KAIST UM NTU UTS HKUST PolyU UPF

Number of 15772 28006 66996 57779 32235 28108 32010 30715
nodes

Number of | 439464 4279814 | 20069338 | 6163927 | 4866335 45365272 4460480 6110717
links

Number  of 141 283 390 739 429 372 422 381
connected
components
(Co)

Average 55.72 305.63 599.12 213.36 301.92 3227.92 278.69 397.89
degree

Number of
isolated
nodes (1S) 29 28 176 281 199 46 125 187
Proportion 0.930 0.932 0.937 0.917 0.908 0.888 0.906 0.922
of the
largest
component
(LS

Link- 0.469 0.496 0.414 0.493 0.494 0.499 0.484 0.497
proportion
of the
largest
component
(LS

Share of 0.18 0.10 0.26 0.49 0.61 0.16 0.39 0.61
isolated
nodes (IS), %

Subnetworks of the most productive collaboration

In the previous section, we analyzed the structure of entire university networks,
which consist of all authors mentioned in publications. However, often a significant
portion of a university's publication output is produced by a limited number of
researchers. Moreover, authors who are not affiliated with the university also
contribute to the university's publication output. In this chapter, we analyze the
collaboration structure of the authors who demonstrate the most productive
collaboration. In the collaboration structure, we examine the number of clusters in
the core, the level of authors’ connection and the geography of their affiliations.
Furthermore, it helps us understand the role of external authors in the university's
publication output.

To observe the core, we extracted subsets of authors with the highest Ps-core values
from Newman’s normalized co-authorship networks. For each university, we
decided to select a level of collaboration t that would produce the core of the size
comparable across universities, approximately consisting of 100 authors. The
authors within the core have the highest number of joined publications, calculated
by taking into account the number of authors involved in each publication. We
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extracted information about the affiliations of the authors in the core from their
Scopus profiles. The main organization listed on the author's Scopus profile page
was used to identify the authors' affiliation. In figures 3-10, world regions are
represented by a color, while locations are indicated by symbols (Table 4).

Table 4. Notation of Word regions and Location code.

4a. World regions code 4b. Location code

Yellow | East and Southeast At the selected | Star
Asia university

Green | Europe In the same country as | Rhombus

the selected university

Red North America Other Circle

Blue South Asia

Pink Australia and
Oceania

White | South America

Orange | Middle East

Purple | Central Asia

In the core of PolyU, we observe one large cluster and several clusters of average
size. Moreover, the majority of authors are from the same region: East and Southeast
Asia (Figure 3). Many authors are from the same university. In this core, domestic
collaboration within the country prevails, and international collaboration with other
regions is minimal. Often, clusters (core components) include one or several authors
from PolyU who collaborate with scholars from other organizations.

eeeee

S & Choy, YS ) Hsu.C
* Kwong, MK Young. B ] uT i|r Leung, FHF
l cai,¥ + * Jiang, ¥

Lun, P&

Figure 3. Ps-core of PolyU at level 4.03 (110 nodes).
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South Korea's POSTECH University has a core structure similar to PolyU: there is
one large cluster and several clusters of average size. There are a few small clusters
with only two authors. Inthe POSTECH core, there are also numerous collaborations
within the university and the country (Figure 4). Large clusters primarily consist of
scholars who work in POSTECH or other South Korean organizations. There are a
few collaborations with regions abroad in small clusters, including South Asia, North
America, and Europe. However, collaboration with scholars from other East and
Southeast Asia countries (denoted by yellow nodes with circles) is not typical for the
POSTECH core.

* Choie, Y ®

* Ko, YM \ |
® Kim, ® l rrrrrrr J ® n,

* Huh, JH ','

* Eom, S

Figure 4. Ps-core of POSTECH at level 2.2 (107).

In contrast, HKUST University (Figure 5) has a slightly different core structure
compared to the previous two universities: there are several clusters of average size
and many small clusters. We observe collaborations within the university and region
in average and large groups, where authors from HKUST collaborate with others. In
small clusters with 2-3 authors, collaborations with scholars from North America are
often seen. HKUST's collaboration within the country is very weak.
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Figure 5. Ps-core of HKUST at level 1.36 (106 nodes).

The structure of the KAIST core is similar to HKUST as well as UM, UPF, and UTS.
Here also there are several clusters of average size and many small clusters (Figure
6). With that, in KAIST there is intense domestic collaboration (inside the university
and country). Often, the clusters consist of several authors from KAIST University.
International collaboration is minimal.
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Figure 6. Ps-core of KAIST at level 3.34 (117).
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In the UTS core, there are collaborations within the university, within the country,
and abroad with different regions (Figure 7). Notably, collaboration with countries
from the same region is absent in the UTS core. There is one cluster consisting solely
of scholars from East and Southeast Asia. Scholars in this cluster have strong ties

with each other and minimal connections (less than the chosen level of 3.33) with
scholars from UTS.
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Figure 7. Ps-core of UTS at level 3.13 (111 nodes).
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In the UM core, most collaborations are from the same region (Europe), both within
and outside the country (Figure 8). Scholars from UM rarely collaborate with each
other. Often, clusters include one or several individuals from UM who collaborate
with scholars from other organizations. The largest clusters consist of one author
from UM and many authors from abroad. Collaboration within the country and
outside the region is poor.
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Figure 8. Ps-core of UM at level 2.33 (103 nodes).

In the UPF core, there are numerous collaborations within the region (Figure 9).
However, compared to UM (also a European university), UPF has more
collaborations within the university and country. UPF also collaborates with scholars
from different regions within Europe. The diversity of foreign partners is higher than
in UM, with authors from various regions present.
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Figure 9. Ps-core of UPF at level 2.02 (111 nodes).

The structure of the core at NTU differs from that of the other universities analyzed.
There are numerous small-sized clusters, while a large cluster is noticeably absent
(Figure 10). In NTU, collaboration from different regions is present. The core
consists of clusters from small and average groups, where one author is from NTU
and another from other organizations. There are many collaborations out of the
region, particularly with Europe and North America. Collaboration between scholars
from NTU is almost absent, the core of the most productive authors working in
collaboration is mostly located outside the university.
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Figure 10. Ps-core of NTU at level 4.33 (107 nodes).

Among the analyzed universities, NTU demonstrates the most distinct characteristics
of the core, as shown in Table 5. Core of this university has the highest level of
authors’ connection and the highest number of separated groups. This suggests that
the authors at this university work in many separate groups, producing a substantial
number of papers. While this structure is relatively stable and doesn't rely on specific
authors, it poses certain risks given that only 15.60% of authors in the core are
affiliated with NTU. HKUST also demonstrates a high share of foreign authors in
the core, but these authors are not as connected as in NTU. POSTECH presents
another core structure: it has a low number of separate groups, and the proportion of
foreign authors is small (14.02%). These foreign authors are primarily from the
regions of Europe and North America. KAIST demonstrates similar characteristics
as POSTECH. The remaining universities in the sample have a relatively similar core
structure, represented by the number of separate groups and the proportion of foreign
authors.
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Table 5.

Characteristics of collaboration within the universities' core of the most
productive authors working in collaboration.

Country of Core level t Number | Share of authors Share of Dominant
the university (productivity) of in the core foreign authors | region of foreign
clusters affiliated with in the core, % authors in the
the university, % core
POSTECH South Korea 2.20 32 52.34 14.02 Europe; North
America
KAIST South Korea 3.34 40 59.83 13.68 East and
Southeast Asia;
North America
UM Netherlands 2.33 38 32.04 38.83 Europe
NTU Singapore 4.33 44 15.60 44.04 East and
Southeast Asia;
Europe
uTsS Australia 313 40 59.46 27.93 East and
Southeast Asia
HKUST Hong Kong 1.36 39 53.77 44.34 North America;
SAR East and
Southeast Asia
PolyU Hong Kong 4.03 38 53.64 36.36 East and
SAR Southeast Asia
UPF Spain 2.02 42 45.05 30.63 Europe; North
America

We can conclude that, based on the number and size of core clusters, the analyzed
universities can be categorized into two groups:
A) One large group and a few small groups: POSTECH, PolyU.
B) Several groups of average and small sizes: KAIST, UTS, UPF, POSTECH,
HKUST, NTU

The authors from the core are affiliated with different organizations. Sometimes,
these authors do not work at the universities being analyzed. Moreover, they do not
connect with the authors from analyzed universities at selected collaboration level t.
The weights of some links can be smaller than t because the property considered is
the weighted degree - the sum of links with a given end-node. According to the
prevalence of authors with certain types of affiliation, we can further distinguish the
analyzed universities into three groups:

1. Diverse collaboration: This includes PolyU, HKUST, UPF, and UM. Both the

proportion of foreign authors and authors affiliated with the university exceed
30%.

2. Active intra-university collaboration: This group includes KAIST, UTS, and
POSTECH. Conversely, the proportion of authors affiliated with the university
is 30% or more, while the proportion of foreign authors is less than 30%.

3. Active international collaboration: NTU is in this category. At the core, the
proportion of foreign authors is 30% or more, and the proportion of authors who
have worked at the university is less than 30%.
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Discussion and conclusion

Scientific collaboration is often perceived as an additional resource for development,
as it enhances research skills and provides access to new knowledge and equipment.
Several leading universities have highlighted collaboration as a key component of
their development strategies (Altbach & Salmi, 2011; Lim & Boey, 2014). In this
study, we examine the common collaboration characteristics of eight leading young
universities, which may contribute to their academic success. Co-authorship network
analysis was used to investigate both the general collaboration characteristics of
these universities and the relationships between individual authors. We examined
three types of university networks to analyze the relationships between authors and
their papers, between authors themselves, and among the most productive authors.
Both the absolute value of network characteristics and the distribution function of
certain characteristics were analyzed. Our results reveal that there are some common
features but also many university-specific characteristics of collaboration.

In absolute terms, the publication output of the analyzed universities varies
significantly, but the average productivity of authors is identical across almost all
universities. Despite this, the universities have different numbers of authors who
published only one paper during the three years analyzed. For instance, NTU has no
authors who published just one paper, while at UM and UTS, such authors constitute
65% of the total. We observed that all the analyzed universities demonstrate a high
level of scientific collaboration, with an average of between 6 and 98 authors per
paper. The majority of the analyzed universities (7 from 8) have comparable general
collaboration characteristics: average works per author, average authors per work,
maximum authors of a work, and maximum works of an author. One university,
HKUST, significantly diverges in these characteristics, demonstrating atypical
values (for example, an average of 98.95 authors per paper). This university actively
participates in multi-author collaboration works that involve several thousand
authors, making the average value sensitive to such outliers.

All the universities' networks are well-connected and maintain a comparable
proportion of largest component, calculated as the number of nodes in the largest
component divided by the total number of nodes in the network. With that, analysis
of collaboration structure reveals many university-specific collaboration patterns.
For example, for NTU it is typical to collaborate in small separated groups, and this
is a tight collaboration with many links. In UM, the opposite situation is observed:
many authors in the network are connected but the connectivity is weak. KAIST
demonstrates high connectivity among the authors in the network, with a minimal
proportion of isolated nodes. HKUST has high local centrality of some parts of the
network provided by multi-author’s work. Specific collaboration structure can be
explained by the dominance of certain research fields with established collaboration patterns.
According to our preliminary analysis of the universities' profiles (Table 1), we observe that the
mentioned universities have similar research profiles. Therefore, the observed differences can be
related with the organization-specific or institution-specific characteristics of the universities.
Inthe final stage of our analysis, we examine the structure of the authors with the most productive
collaborations and the geography of their affiliations. We observe that the collaboration
structure of the authors in the analyzed universities differs a lot. Based on the number
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and on the size of clusters in the core, the analyzed universities can be divided into
two groups: one big cluster and a few numbers of small clusters (POSTECH, PolyU),
several clusters of average and small sizes (KAIST, UTS, UPF, POSTECH, HKUST,
NTU). We observed that universities vary in their core composition. Here, we
distinguish three groups: those who have diverse collaboration (PolyU, HKUST,
UPF, and UM), those oriented towards international collaboration (NTU), and those
oriented towards intra-university collaboration (KAIST, UTS, and POSTECH).
Therefore, we observe that leading young universities actively use collaboration as a source for
their development. On average, authors in these universities actively collaborate with other
researchers from different regions. Furthermore, our study reveals marked differences in the
collaboration structures of universities, depicting various collaboration patterns. Our study has
several limitations. Firstly, we do not account for the thematic profiles of the analyzed publications,
as network attributes and collaboration patterns can differ across various scientific disciplines.
Secondly, the sensitivity of the collaboration structure to the chosen Ps-core level is another
limitation; the structure of the core can vary based on this selection. The level of Ps-core
characterizes the productivity of authors, so its selection depends on the research focus. Thirdly, we
use the Scopus database, which does not fully cover local journals, especially those published in
national languages (Vera-Baceta et al., 2019). Further research could take these limitations into
account and focus on analyzing universities' decisions regarding collaboration strategies,
specifically identifying the factors that influence these decisions.

We conclude that there is no single typical collaboration model for a leading young
university; each university employs its own collaboration strategy, motivated by its
vision, resources, and abilities. For instance, Altbach & Salmi (2011) provide some
explanation about HKUST's strategies: ‘HKUST’s most important success factor
was the recruitment of outstandingly talented scholars and scientists. The university
recruits this caliber of academic staff from among the senior scholar generation of
the Chinese diaspora. HKUST recruited heavily from this vast pool of talented
academics born in Taiwan, China, or mainland China and trained overseas mostly at
U.S. universities, something that the other universities in Hong Kong were less
inclined to do at that time.” Another finding is about POSTECH: ‘This university
envisaged itself as a university offering excellence in education and research to
Korean students who, thus, would not need to study abroad. To reach its goal,
POSTECH developed a research network with top-class universities worldwide.’.
Our findings have some policy implications. Scientific collaboration, especially with
leading research centres, is vital for knowledge exchange and university
development. However, the structure of such collaboration can be unbalanced and
may present risks for the university. For example, a high proportion of foreign
authors in the core indicates that a significant portion of the publication output is
produced outside the university. This model is sensitive to institutional or country-
specific risks, where barriers to collaboration may arise, and is not inherently stable.
Another example is that a collaboration network with a single big cluster of
connected authors is less stable than a network with separate, diverse groups. A
single cluster can be disrupted for various reasons, potentially triggering a domino
effect within it. In contrast, a structure with multiple groups tends to be more stable.
Policymakers should consider not only the quality and intensity of collaboration but
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also the degree of staff involvement and the balance between foreign and intra-
university collaboration. Achieving this balance can be facilitated by implementing
targeted programs for various research groups. The first step in this direction is to
assess the proportions of foreign and domestic authors and their collaboration
structures. Our work is an exploratory analysis aimed at gaining insight into the
factors influencing collaboration. We plan to continue the analysis based on a larger
number of high-rank universities, both old and new.
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