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Abstract. In the context of globalization and technological advancement, research 
collaboration has become a core strategy for enhancing the influence of higher education 
institutions. This article conducts an in-depth analysis of the research collaboration 
among universities in the Guangdong-Hong Kong-Macao Greater Bay Area, exploring 
the models, fields, outcomes, and challenges of such cooperation. The study finds that 
these collaborations, through establishing joint research centers and shared laboratories, 
have achieved significant results in fields like new energy, biomedicine, and information 
technology. Based on thorough analysis, the article proposes policy recommendations, 
including the establishment of coordination bodies and the optimization of collaborative 
mechanisms, aimed at overcoming existing challenges and promoting deeper cooperation. 
This research not only provides guidance for university collaborations in the 
Guangdong-Hong Kong-Macao Greater Bay Area but also offers valuable references for 
other regions or international scientific research cooperation. 
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1 Introduction 

The Guangdong-Hong Kong-Macao Greater Bay Area, a pivotal component of China's 
development strategy, encompasses nine cities in the Pearl River Delta, along with the Special 
Administrative Regions of Hong Kong and Macao. Characterized by its unique geographical 
location, economic strength, and cultural diversity, this region stands at the forefront of 
China's efforts in globalization and innovation-driven development. Home to numerous 
renowned universities and research institutions, the Bay Area is distinguished by significant 
achievements and a robust capacity for innovation in various fields, including science and 
technology, medicine, and engineering. In the context of intensifying global technological 
competition, close collaboration among these universities and research institutions is 
increasingly crucial. 

The significance of research collaboration lies in its ability to integrate regional resources and 
expertise, enhancing the translation and application of research outcomes, and bolstering the 
global influence of the Guangdong-Hong Kong-Macao trio in technological innovation. 
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Collaboration among universities fosters talent mobility and knowledge sharing, addressing 
challenges at both regional and global scales, such as sustainable development and public 
health. Moreover, such cooperation strengthens cultural and social bonds, contributing to 
long-term harmony and stability within the region. 

This study aims to analyze the current state, challenges, and potential opportunities of research 
collaboration among universities in the Greater Bay Area. By examining collaborative models, 
fields of cooperation, outcomes, and existing issues, the study seeks to provide theoretical 
foundations and practical guidelines to promote inter-university research collaboration in the 
region. Furthermore, the study focuses on how to maintain the independence of each 
university while sharing resources and establishing effective collaboration mechanisms against 
diverse institutional and cultural backgrounds. Through this analysis, the study not only offers 
in-depth insights into the research collaboration within the Guangdong-Hong Kong-Macao 
Greater Bay Area but also serves as a reference for similar collaborative efforts in other 
regions or at an international level. 

2 Literature Review 

Historically, university collaboration in the Guangdong-Hong Kong-Macao region has a 
long-standing tradition, covering a wide spectrum from basic scientific research to the 
development of applied technologies. With the implementation of the Greater Bay Area 
development strategy, such collaborations have been further strengthened and deepened. 
Scholars [1-5]unanimously agree that cross-regional university collaboration plays a vital role in 
driving regional economic and social development and in building an innovative regional 
economic system. 

Current studies[6-9] have highlighted the positive impact of research collaboration among 
universities in the Bay Area on technological innovation, talent cultivation, and regional 
integration, particularly in cutting-edge fields like artificial intelligence, biomedical science, 
and sustainable energy. However, existing research[10-13] also reveals key gaps and challenges, 
such as deficiencies in management mechanisms, resource sharing, and project coordination. 
Additionally, cultural differences, policy constraints, and uneven distribution of funds are 
major factors limiting the depth and breadth of collaboration. An in-depth analysis of these 
challenges is not only crucial for enhancing current collaboration models but also provides 
guidance for future cooperative strategies. 

Scholars[13-15] have emphasized the necessity of strengthening research on university 
collaboration in the Guangdong-Hong Kong-Macao area. In an era of escalating global 
technological competition and deepening regional economic integration, understanding and 
optimizing regional university collaboration is essential for maintaining and enhancing the 
area's competitiveness in the global arena of science and education. 

3 Current State of Collaboration 

In analyzing the current state of research collaboration among universities in the 
Guangdong-Hong Kong-Macao Greater Bay Area, the study initially focuses on collaborative 



models, fields, and scale. These universities typically collaborate through establishing joint 
research centers, shared laboratories, and academic conferences, facilitating resource and 
information sharing and enhancing academic exchanges. In terms of fields, collaborations 
span from basic theoretical research to applied technological development, with notable 
advancements in high-tech sectors such as new energy, biomedical science, and information 
technology. Regarding scale, as the Greater Bay Area strategy progresses, cross-regional 
university collaboration is expanding, attracting an increasing number of institutions to 
participate. 

In terms of collaborative outcomes, there have been significant achievements, including the 
implementation of various research projects and the production of high-quality academic 
papers and patents. These accomplishments not only enhance the global scientific influence of 
the Bay Area but also provide strong technological support for regional economic 
development. Furthermore, collaboration has promoted talent cultivation and mobility, 
contributing to the training of a large number of scientific and technical personnel for the Bay 
Area and the nation. 

Additionally, the characteristics of research collaboration among these universities warrant 
detailed analysis. First and foremost, such collaboration exhibits clear complementarity. 
Different universities, each with its strengths in research resources and specialized fields, can 
achieve optimal resource allocation and utilization through collaboration. Secondly, the 
collaboration is strongly practice-oriented, focusing on translating research findings into 
practical applications and driving the economic transformation and upgrading of the region. 
Lastly, this collaboration plays a crucial role in promoting regional integration, deepening 
cultural, educational, and technological exchanges among Guangdong, Hong Kong, and 
Macao. 

Overall, research collaboration among universities in the Guangdong-Hong Kong-Macao 
Greater Bay Area significantly contributes to technological innovation, regional development, 
and high-quality talent cultivation. With the deepening implementation of the Greater Bay 
Area strategy, such collaboration is expected to strengthen further, making even greater 
contributions to the development of the region and the nation. 

4 Network Analysis 

4.1Data Sources 

The analysis focuses on the top 20 universities from the Guangdong-Hong Kong-Macao 
region, selected based on their standings in the Quacquarelli Symonds World University 
Rankings (QS World University Rankings). 

Table 1. Publication Output of 20 Universities in the Guangdong-Hong Kong-Macao Greater Bay Area 
from 2018 to 2022 

Serial 
Number 

School 
Publicatio
n Volume 

Serial 
Number 

School 
 Publication 

Volume 

1 The University of Hong Kong 1454  11 
 Hong Kong 

Baptist University 
685  

2 Chinese University of Hong 1398  12  Jinan University 15488  



By conducting a descriptive statistical analysis of the publication output, we can obtain the 
following values, as shown in Table 2 

Table 2. Descriptive Statistical Analysis of the Total Publication Output of 20 Universities 

Statistical Indicator Names Numerical Value 
Mean 8791.5 

Standard Deviation 10450.16 
Minimum 230 

25th Percentile 1084.5 
Median 5596 

75th Percentile 11995.5 
Maximum 41955 

Through analysis, the following conclusions can be drawn: 

(1)Central Tendency: The average publication count stands at 8,791.5, while the median is 
5,596, suggesting a potential right-skewed distribution since the mean exceeds the median. 
This also indicates that certain universities have significantly higher publication volumes than 
others, thereby elevating the overall average. 

(2) Dispersion of Data: The standard deviation is 10,450.16, a relatively large value, 
highlighting substantial variation in publication counts among the universities. 

(3)Range of Data: The minimum publication count is 230, and the maximum is 41,955, further 
confirming the considerable disparities in publication volumes. 

(4) Quartiles: The 25th percentile is 1,084.5, indicating that a quarter of the universities have 
publication counts below this number. The 75th percentile is 11,995.5, suggesting that 
three-quarters of the universities fall below this count. Compared to the 25th percentile, this 
implies that the majority of universities have publication volumes concentrated in a relatively 
lower range, although some have significantly higher counts than most. 

Kong 

3 
Hong Kong Polytechnic 

University 
1121  13 

 South China 
Agricultural 
University 

12333  

4 City University of Hong Kong 780  14 
Guangdong 

University of 
Technology 

10108  

5 Sun Yat-sen University 41955  15 
Southern Medical 

University 
19020  

6 
Hong Kong University of 
Science and Technology 

584  16 

Guangdong 
University of 
Finance and 
Economics 

11365  

7 
South China University of 

Technology 
22274  17 

Macau University 
of Science and 

Technology 
1784  

8  Shenzhen University 9408  18 
South China 

Normal University 
11705  

9 Shantou University  1280  19 
Guangzhou 

Medical 
University 

11883  

10  University of Macau 975  20 
The Education 
University of 
Hong Kong 

230  



From this analysis, it is evident that there is a significant disparity in publication volumes 
among the universities. Most universities have relatively lower publication counts, but a few 
have exceptionally high volumes, substantially influencing the overall mean and distribution. 

Regarding the articles published by various universities on CNKI, the following definitions 
are applied: When a paper’s affiliation includes only one institution, it is considered as an 
independent research output of that institution, implying no inter-institutional scientific 
collaboration. If there are multiple affiliations, it indicates a collaboration among the involved 
institutions. Based on this criterion, affiliations with different universities are considered as 
instances of inter-university scientific collaboration. The order of affiliations determines the 
direction of collaboration, with the first-listed institution regarded as the lead collaborator. 

Building upon these definitions and explanations, a directed matrix has been constructed, as 
illustrated in Table 3. In this matrix, university codes are consistent with those in Table 1, 
values on the diagonal represent the count of internal collaborative publications, and the row 
coordinates display the leading direction of the research collaboration. 

Table 3. Innovation Matrix of Scientific Research Collaboration Among 20 Universities in the 
Guangdong-Hong Kong-Macao Greater Bay Area from 2018 to 2022 
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4.2 Analysis Results 

This study analyzes 5,929 co-authored papers published between 2018 and 2022 by 20 
universities in the Guangdong-Hong Kong-Macao Greater Bay Area, as indexed on the China 
National Knowledge Infrastructure (CNKI). The findings indicate a relatively close-knit 
research collaboration among these universities.  

Computational analysis reveals that the network density is 0.8789, approaching 1, suggesting 
extremely tight collaboration relationships among these universities. This demonstrates the 
presence of extensive collaborative ties within this network.  

Centrality analysis is a key concept in network analysis, used to determine the importance of 
nodes within a network. Common centrality metrics include: 

Degree Centrality: The degree centrality of a node is the number of nodes it is directly 
connected to. In directed networks, this can be further divided into in-degree centrality and 
out-degree centrality. 

Closeness Centrality: A node's closeness centrality is based on the average shortest path length 
to all other nodes. A higher value indicates closer proximity to other nodes, thus a more central 
position within the network. 

Betweenness Centrality: The betweenness centrality of a node is based on the frequency of its 
occurrence on the shortest paths between all pairs of other nodes. A higher value indicates a 
greater bridging role played by the node in connecting pairs of other nodes. 

In this context, degree centrality represents the total number of collaborative papers each 
university has with other universities. Closeness centrality represents the reciprocal of the 
average shortest path length from each university to all other universities. Betweenness 
centrality represents the frequency with which each university appears on the shortest paths 
between all pairs of other universities. 

The following table 4 can be derived: 



Table 4. Degree Centrality Analysis of Research Collaboration Papers Among 20 Universities in the 
Guangdong-Hong Kong-Macao Greater Bay Area from 2018 to 2022 

SCHOOL NO OutDegree InDegree NrmOutDeg NrmInDeg 

1 137 69 2.121 1.068 

2 101 64 1.563 0.991 

3 76 30 1.176 0.464 

4 47 31 0.728 0.48 

5 1355 1075 20.975 16.641 

6 60 25 0.929 0.387 

7 523 593 8.096 9.18 

8 208 311 3.22 4.814 

9 190 154 2.941 2.384 

10 42 30 0.65 0.464 

11 59 23 0.913 0.356 

12 731 672 11.316 10.402 

13 219 267 3.39 4.133 

14 289 367 4.474 5.681 

15 557 742 8.622 11.486 

16 331 345 5.124 5.341 

17 64 64 0.991 0.991 

18 393 377 6.084 5.836 

19 508 666 7.864 10.31 

20 39 24 0.604 0.372 

From the centrality analysis data, we can draw the following conclusions regarding the 
scientific research collaboration among these 20 universities: 

Imbalanced Collaboration: Degree centrality suggests that University 5 has a significantly 
higher number of collaborative papers than other universities. This may imply particularly 
close collaboration relationships with other universities, while collaborations among other 
universities are comparatively less. This imbalance could lead to uneven distribution of 
resources and opportunities, and dominant positions of certain universities in collaborations. 

Central Position of University 5: University 5 excels in all three centrality metrics, indicating 
its central role in the entire collaboration network. This may signify that the university 
possesses important resources, experts, or research projects, making it a preferred 
collaboration partner for others. 

Potential Marginalization of Certain Universities: Some universities with relatively low scores 
in all centrality metrics might be marginalized within the overall network, having less direct 
collaboration with others. This could affect their ability to access resources and information. 

Potential "Bridging" Universities: Universities 5 and 11 have relatively high betweenness 
centrality, suggesting their bridging role in connecting pairs of other universities. These 



universities might be involved in multiple research fields or projects and can connect different 
collaborative teams or projects. 

Limitations of Collaboration: If most collaborations are concentrated among a few universities, 
this could limit the potential for diversity and innovation. Broader and more varied 
collaborations might bring a wider range of perspectives and methodologies, thus fostering 
scientific innovation. 

5 Challenges and Opportunities 

In exploring the challenges and opportunities of university research collaboration in the 
Guangdong-Hong Kong-Macao Greater Bay Area, the study first examines the main 
challenges encountered during the collaboration process. Cultural differences pose a 
significant challenge. Despite geographical proximity, the three regions differ in educational 
systems, academic traditions, and research methodologies, leading to potential 
misunderstandings and communication barriers in collaborative efforts. Additionally, policy 
restrictions cannot be overlooked. For instance, differences in policies regarding funding 
allocation, intellectual property protection, and cross-border data flow can hinder collaboration. 
Moreover, uneven resource distribution among universities and immature collaboration 
mechanisms are key factors affecting the depth and breadth of collaboration. 

However, in the current environment, research collaboration among universities in the 
Guangdong-Hong Kong-Macao area also faces unprecedented opportunities. Technological 
advancement is a critical driver of collaboration. With the development of information 
technology, university exchanges and collaborations have become more convenient and 
efficient. The application of emerging technologies like cloud computing, big data, and 
artificial intelligence provides new tools and methodologies for collaborative research. 
Another significant opportunity is policy support. In recent years, the implementation of the 
Greater Bay Area strategy has provided strong policy backing for university collaboration. 
Policies favoring the sharing of research funds, simplifying the approval process for research 
projects, and strengthening intellectual property protection create favorable conditions for 
inter-university collaboration. 

Additionally, regional economic integration also brings opportunities for university 
collaboration. As the economy of the Greater Bay Area rapidly develops, there is an increasing 
demand for high-tech and innovative talent. Collaboration among universities helps to better 
cultivate and utilize these talents while also promoting the translation of research findings into 
economic development. Finally, in the face of global challenges such as climate change and 
public health, universities in the three regions can collaborate to conduct research, contributing 
to the resolution of these global issues. 

In summary, despite facing numerous challenges, research collaboration among universities in 
the Guangdong-Hong Kong-Macao Greater Bay Area has vast potential and broad prospects 
for development. By overcoming existing challenges and seizing new opportunities, such 
collaboration can make significant contributions to the technological progress and social 
development of the region and the nation. 



6 Policy Recommendations 

Based on the analysis of the current state of university research collaboration in the 
Guangdong-Hong Kong-Macao Greater Bay Area, the study proposes the following policy 
recommendations to promote collaboration and optimize collaborative mechanisms: 

(1)Establishment of a Unified Coordination Body: Set up a cross-regional coordination body 
responsible for formulating and implementing policies to promote inter-university 
collaboration, ensuring effective resource allocation and smooth project implementation. 

(2)Standardization of Collaboration Processes: Develop standardized collaboration procedures 
and guidelines to reduce administrative complexity and accelerate the approval and 
implementation of collaborative projects. 

(3)Increased Funding Support and Incentive Mechanisms: The government should provide 
more financial support, especially for innovative and interdisciplinary research projects. 
Simultaneously, establish incentive mechanisms to encourage universities and researchers to 
participate in cross-regional collaboration. 

(4)Promotion of Cultural and Educational Exchanges: Organize regular academic exchange 
activities to enhance cultural and educational understanding between universities, thereby 
mitigating the impact of cultural differences. 

(5)Optimization of Intellectual Property Protection Policies: Establish an intellectual property 
protection mechanism adapted to cross-regional collaboration, ensuring the reasonable use and 
sharing of research outcomes. 

(6) Strengthening Talent Cultivation and Mobility: Encourage student and researcher mobility 
between universities through scholarships, visiting scholar programs, and other means, 
fostering more interdisciplinary talent. 

7 Conclusions 

The study finds that despite challenges such as cultural differences and policy constraints, 
factors like technological advancement and policy support provide new opportunities for 
collaboration. Case studies further demonstrate the significant role of inter-university 
collaboration in promoting technological innovation and regional development. Future 
research can delve into the following areas: 

(1)In-depth Analysis of Influencing Factors: Explore other potential factors that may impact 
university collaboration in the Guangdong-Hong Kong-Macao area, such as economic 
development levels and industry demands. 

(2)Long-term Effect Assessment: Evaluate the long-term effects of university collaboration, 
analyzing its impact on regional economic and social development. 

(3)Comparative Studies of International Collaboration Models: Compare the collaboration 
models of universities in the Guangdong-Hong Kong-Macao area with other successful 
international cases, providing reference for further optimization of collaboration strategies. 



(4) Innovation in Collaboration Mechanisms: Investigate more innovative collaboration 
mechanisms, such as virtual laboratories and joint incubators. 

In conclusion, research collaboration among universities in the Guangdong-Hong 
Kong-Macao Greater Bay Area holds immense potential and broad prospects for development. 
By overcoming existing challenges and seizing new opportunities, such collaboration can 
significantly contribute to the technological advancement and social development of the 
region and the nation. 
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