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Abstract

Based on the cities of the Guangdong-Hong Kong-Macao Greater Bay Area as
fundamental nodes, this study collects data from the Web of Science (WoS) with
research themes including information technology, life sciences, biological sciences,
and physical sciences. It constructs three regional academic cooperation complex
networks from a multi-regional perspective and provides development strategies and
suggestions to promote academic cooperation in the Greater Bay Area based on the
analysis results. By using indicators such as degree distribution, PageRank, average
path length of the network, and closeness centrality, this study analyzes the academic
cooperation situation in the Guangdong-Hong Kong-Macao Greater Bay Area and
identifies the influencing factors of academic cooperation in the Greater Bay Area,
including culture, scientific research, economy, and population, based on the regional
innovation theory framework. The study finds that the academic cooperation network of
the cities in the Guangdong-Hong Kong-Macao Greater Bay Area shows a clear
structure of core-periphery and has small-world characteristics. Guangzhou, Hong Kong,
and Shenzhen are the cores of academic cooperation in the Greater Bay Area.
Guangzhou leads Shenzhen in domestic cooperation, while Shenzhen slightly
outperforms Guangzhou in international cooperation. It is also found that geographical
distance is no longer a factor hindering academic cooperation.

Keywords Guangdong-Hong Kong-Macao Greater Bay Area; Complex Network;
Network Degree; Regional Innovation

1. Introduction

The concept of the Guangdong-Hong Kong-Macao Greater Bay Area was first proposed
in 2005 in the "Pearl River Delta Urban Agglomeration Coordinated Development
Outline (2004~2020)", referring to the "9+2" city cluster composed of the nine cities of
Guangzhou, Shenzhen, Zhuhai, Foshan, Zhongshan, Dongguan, Huizhou, Jiangmen,
and Zhaoqing in Guangdong Province, and the two Special Administrative Regions of
Hong Kong and Macao. On July 1, 2017, the National Development and Reform
Commission and the governments of Guangdong, Hong Kong, and Macao signed the
"Framework Agreement on Deepening Guangdong-Hong Kong-Macao Cooperation to
Promote the Construction of the Greater Bay Area", marking the official launch of
efforts to build the Guangdong-Hong Kong-Macao Greater Bay Area into a world-class
bay area and city cluster [1]. The agreement proposes to actively build a new open
economic system, create high-level open platforms, gather innovative resources,
improve the regional collaborative innovation system, and carry out innovation and
technological cooperation.

Currently, many scholars and experts have discussed issues such as technological
innovation in the Guangdong-Hong Kong-Macao Greater Bay Area and asset allocation
under the current macro situation [2]. Scholars believe that technological innovation
will be the main theme of the Greater Bay Area's future development, and there is still a
need to address the issue of insufficient depth in scientific research cooperation. There
is room for further deepening in terms of complementary advantages and deep-level
technological cooperation. Compared to several other important bays in the world (San
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Francisco, Tokyo, New York), the Guangdong-Hong Kong-Macao Greater Bay Area
still lags behind in terms of scientific research achievements. In the future, academic
cooperation between the main cities of the Greater Bay Area and mutual promotion will
be the main direction for development.

How the cities in the Guangdong-Hong Kong-Macao Greater Bay Area cooperate
academically and how to further promote academic cooperation in the Greater Bay Area
have become one of the key research focuses.

2. Literature Review and Approach to Problem Solving

Scholars have conducted research on the Guangdong-Hong Kong-Macao Greater Bay
Area from various aspects such as technology, humanities, and economy, and from
multiple different perspectives, sparking a wave of research on the Greater Bay Area.
For instance, Cai Chimeng [3] studied the strategic significance and challenges faced by
the construction of the Greater Bay Area, and Zhao Xiaobin et al. [4] explored the
development strategy and path of the Greater Bay Area in conjunction with its current
situation, but these studies mainly focused on policy exploration. With in-depth research,
scholars have attempted to use various algorithmic models for quantitative research on
the Greater Bay Area. Chen Yan et al. [5] conducted an empirical analysis of the
industry-specific location entropy and the grey correlation degree between cities and
industries in the Greater Bay Area based on data from 19 industries in 11 cities of the
area. Qin Yanhua et al. [6] used the Analytic Hierarchy Process to analyze the
innovation capabilities and rankings of the 11 cities in the Greater Bay Area, pointing
out the issues faced by the technological collaborative innovation of the city cluster in
the Greater Bay Area and proposing countermeasures and suggestions. However, there
seems to be no research on academic cooperation in the Greater Bay Area with cities as
the main body in the literature. To fill this gap, this study has made three considerations:
1) Considering that the Greater Bay Area includes Hong Kong and Macao, the research
data collection is defined to cover the SCI and SSCI in the WOS database; 2) Previous
academic cooperation research generally takes schools or countries as units, while this
study takes the cities of the Greater Bay Area as the main body to analyze academic
cooperation; 3) There is a big difference in academic cooperation among various
disciplines, so information technology, life sciences, biological sciences, and physical
sciences, which are more representative, are selected as research disciplines.

The study of academic cooperation networks is a fundamental task. Only by studying
the relationships and the degree of closeness can we further study the factors
influencing cooperation, and then propose strategies and suggestions to promote
academic cooperation. The perspectives of previous scholars' research can be divided
into countries, provinces, schools, or scholars, such as: Xu Xin [7] and others used
WOS literature data to analyze and study the evolution of the international scientific
research cooperation network under the funding of the National Science Foundation
with countries as the main body; Wang Zhigang and Qiu Changbo [8] analyzed the
evolution of the SCI paper cooperation network between provinces in mainland China
with provinces as the main body; Dong Yanbang and Liu Li [9] studied the evolution of
the institutional cooperation network of high-level papers in Chinese universities with
schools as the main body; Zhu Yunxia [10] studied the scholar association model based
on co-authorship and co-citation relationships from the perspective of scholars. Calero
et al. [11] studied the cooperation of scholars in jointly publishing medical papers, and
then studied the cooperative relationships between various pharmaceutical factories.
From this research, it is found that with the help of complex network analysis, deep
cooperation of enterprises and even cooperation between regions can be excavated,
which is conducive to finding the underlying factors and proposing strategies and
suggestions. Barber et al. [12] studied the cooperative relationships between European
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research institutions, providing a new perspective on the overall and local structure of
R&D cooperation within Europe with the characteristics and technical indicators of
complex networks. In summary, when conducting academic cooperation network
analysis, it is particularly important to choose the main body, and at the same time,
reasonable network indicators must be selected to explore the deep-seated factors of
cooperation between the main bodies, and then propose strategies and suggestions.

3. Analysis of Inter-City Academic Cooperation Based on Complex Networks

3.1 Research Approach

The academic cooperation among cities in the Guangdong-Hong Kong-Macao Greater
Bay Area presents a complex network of relationships. Taking information technology,
life sciences, biological sciences, and physical sciences as examples, this study
examines the collaboration on high-quality papers. By selecting academic achievements
in these disciplines, a cooperation network for each node city is constructed. This paper
uses high-quality academic papers from the WOS database as the data source for the
study, identifying collaborations based on multiple affiliations listed in the papers. If an
academic paper has two affiliations, with City A being the city of the first affiliation and
City B being the city of the second affiliation, then an academic cooperation
relationship between City A and City B is identified. If an author is affiliated with
multiple addresses, to ensure clarity of analysis and representativeness of the paper's
achievements, the first affiliation is taken as the subject of study. By collecting and
analyzing a large number of academic papers in information technology, life sciences,
biological sciences, and physical sciences from the WOS database, a cooperation
network model between cities can be constructed. Three different network models are
used to measure the academic cooperation among the 11 cities in the Greater Bay Area.
The overall approach of this study is shown in Figure 1.

Newman [13] proposed solving specific problems in research through the structure and
function of complex network models, and the construction of the model is implemented
using the Gephi [14] software. Through data processing, the specific models constructed
in this paper include: Model (1) the high-quality paper academic cooperation network
model between the 11 cities in the Greater Bay Area; Model (2) the high-quality
academic cooperation network model between the 11 cities in the Greater Bay Area and
major domestic cities, to further analyze the domestic academic cooperation of the 11
cities; Model (3) the high-quality paper academic cooperation network model between
the 11 cities in the Greater Bay Area and major countries around the world, mainly to
analyze the international academic cooperation of the 11 cities.

Some important indicators can characterize the network properties of the complex
network model. The specific city characteristic indicators of the academic cooperation
network include degree distribution [15], pageRank [16]. The overall characteristic
indicators of the academic cooperation network include average path length [17],
closeness centrality [18], and clustering coefficient [19]. Using these indicators and
measurement methods, a new perspective on the study of the city's academic
cooperation can be carried out, the specific content is as follows.

1) Specific Urban Characteristic Indicators of the Academic Cooperation Network.

Degree distribution and pageRank are metrics that can indicate the role, status, or
influence an academic entity in a city holds within the entire network. In the context of
mathematical graph theory, the degree of a node within a network is the count of edges
that connect to the node. Within an academic cooperation network, this degree signifies
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the number of collaborative ties a particular city has with others. pageRank, a
significant node importance analysis tool in academic cooperation network studies,
posits that a node's importance is heightened by its greater number of connections to
other nodes. The pageRank is calculated using a formula that considers the set of nodes
connected to a given city, the number of connections each of those nodes has, the total
number of nodes in the network, and a damping factor that is historically determined by
analysis experience, often around 0.85 [16].

2) Overall Characteristic Indicators of the Academic Cooperation Network.

The average path length and closeness centrality indicators reflect the tightness and
degree of networking in academic cooperation among the cities within the academic
cooperation network. In the Greater Bay Area city cluster's undirected network of
academic achievements, the average shortest distance between any two nodes is
represented by 'l', indicating the typical separation between nodes. The formula for
calculating 'l' involves the shortest distance from one node to another within the
network. A lower 'l' value in the Greater Bay Area's academic cooperation study
suggests more frequent cooperation among the network's nodes.[17].

Closeness centrality is a measure of how near a node is to all other nodes, calculated by
summing the distances from the node to every other node. A smaller sum indicates a
shorter average path to all other nodes, signifying closer proximity. This concept, as
defined by Freeman, is the reciprocal of the summed distances, with the formula
excluding the node in question. The resulting closeness centrality value ranges from 0 to
1, where values nearing 1 suggest more intimate cooperation with other cities. Within
the Greater Bay Area's academic cooperation network, a city node with a closeness
centrality approaching 1 is engaged in closer academic collaboration with other cities.
[18].

3.2 Data Processing

Analyzing the academic cooperation network of the Guangdong-Hong Kong-Macao
Greater Bay Area from a multi-regional perspective involves comparing data from three
types of networks: the internal city academic paper cooperation network within the
Greater Bay Area, the cooperation network built between the Greater Bay Area cities
and major domestic cities, and the cooperation network constructed with major
countries around the world. The study investigates the intrinsic mechanisms that
characterize these networks.

Since the Guangdong-Hong Kong-Macao Greater Bay Area includes mainland cities as
well as the two Special Administrative Regions of Hong Kong and Macao, the data
source must ensure a unified statistical approach worldwide. Therefore, this study
selects the SCI or SSCI academic papers from the WOS database for the years
2012-2019 as the data source. The search formula is entered into the WOS search
system as follows: AD(Guangzhou OR Foshan OR Zhaoqing OR Shenzhen OR
Dongguan OR Huizhou OR Zhuhai OR Zhongshan OR Jiangmen OR Hongkong OR
Macau) AND Su=(Information Technology OR Biomedicine OR Physical Sciences OR
Life Sciences) AND Py=(2012-2019). The search is conducted with the 11 cities as the
main subject, and the sample data includes 8,403 SCI or SSCI papers themed on
information technology, life sciences, biological sciences, and physical sciences. Since
the paper data downloaded from the WOS includes dozens of fields such as title,
authors, author affiliations, abstract, references, and funding projects, it is necessary to
extract the city data of interest to this study. The specific data processing flow is shown
in Figure 2.
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Java programming is used for preliminary processing of the paper data, where the place
name database comes from the National Place Name Information Network, including
both Chinese and English names of places, which is the foundation of data
preprocessing. The sample data extracted in step 2 as shown in Figure 2 is exemplified
in Table 1. The information preprocessing includes extracting the title and author
information, extracting the paper's address based on the place name database, and
performing statistics.

According to the author information shown in Table 1, the city information can be
extracted. Since the number of cities contained in the author information of each paper
is variable, multiple judgments are required to complete the extraction. Special attention
should be paid to the fact that in foreign language data, Jinan is displayed as "jinan,"
and Jinan University is also displayed as "jinan." Therefore, it is also necessary to make
associated judgments to determine the province to which "jinan" belongs, and thus
confirm the city. Through the statistical analysis of Step 4, the number of connections
between different cities is obtained. According to the data structure of Gephi, the data
table needed is processed and imported into Gephi to construct the academic
cooperation network model of the cities within the Greater Bay Area (1) (see Figure 3),
the academic cooperation network model between the Greater Bay Area and domestic
cities (2) (see Figure 4), and the academic cooperation network model between the
Greater Bay Area and major countries (3) (see Figure 5). Through the calculation and
analysis of the paper data, the specific data of various indicators of models (1), (2), and
(3) are obtained as shown in Table 2.

Based on the multi-centered network spatial structure of the knowledge innovation
cooperation network research of the city cluster, it is proposed that the network nodes
have a significant hierarchical nature [20]. Combined with the network characteristics of
the Greater Bay Area, in model (1), Guangzhou (degree 10), Shenzhen (degree 10), and
Hong Kong (degree 9) are the cores of the academic cooperation network, while
Huizhou (degree 4), Zhaoqing (degree 3), and Jiangmen (degree 3) have less academic
cooperation, and other cities are in between. By comparison, it can be found that there is
a large gap in the academic development of various regions within the
Guangdong-Hong Kong-Macao Greater Bay Area. This leads to an important question,
what factors will affect the academic cooperation between regions?

Based on the structural heterogeneity of the global scientific research paper cooperation
network and its adjacency mechanism, it is relatively evenly distributed, showing a
pattern of "great dispersion, small concentration" [21]. According to the degree of each
node city, the drawing result of the academic cooperation network between the Greater
Bay Area and domestic cities is shown in Figure 4. In model (2), Guangzhou (degree
47), Shenzhen (degree 44), and Hong Kong (degree 42) are the three cities with the
highest degree in the Greater Bay Area. The cities that are closely cooperating with
these three major cities are Beijing (degree 44), Shanghai (degree 42), Nanjing (degree
41), Changsha (degree 41), Wuhan (degree 40), and Shenyang (degree 40). It can be
seen that the main academic cooperation partners of the cities in the Guangdong-Hong
Kong-Macao Greater Bay Area are cities with many universities, scientific research
institutions, strong scientific research strength, and developed economy. Some cities in
the Greater Bay Area, such as Zhaoqing (degree 18) and Jiangmen (degree 11), have
less cooperation with other cities. It can be found that Guangzhou, Hong Kong, and
Shenzhen have a significant advantage in academic development and academic
cooperation compared to other cities in the Guangdong-Hong Kong-Macao Greater Bay
Area.

Based on the multi-scale research method of scientific cooperation patterns in complex
networks [22], the research on the scientific cooperation situation in the
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Guangdong-Hong Kong-Macao Greater Bay Area is conducted from multiple
dimensions. Since international academic cooperation is relatively dispersed, the
analysis is conducted on a country-by-country basis, and the academic cooperation
network model between the cities of the Greater Bay Area and the main countries is
depicted as shown in Figure 5. In Model (3), it can be observed that the main countries
for academic cooperation in the Guangdong-Hong Kong-Macao Greater Bay Area are
the United States (degree 29), Australia (degree 29), the United Kingdom (degree 28),
Canada (degree 28), France (degree 28), Germany (degree 27), Singapore (27), Japan
(27), etc. It is evident that the international academic cooperation targets of the cities in
the Greater Bay Area are primarily countries with a strong cultural heritage, stronger
scientific research capabilities, and more developed economies.

3.3 Analysis of Paper Collaboration in the Guangdong-Hong Kong-Macao Greater Bay
Area Based on Complex Networks

The impact of the centrality of knowledge sources on the efficiency of knowledge
diffusion in the scientific cooperation network [23], the overall characteristics of the
academic cooperation network are analyzed from the perspective of the integrity of
complex networks. By studying the closeness centrality, it is found that the distribution
of academic cooperation among the cities of Guangdong, Hong Kong, and Macao
exhibits a three-tiered structure of "core-half-core-periphery" (as shown in Figure 6). By
calculating and averaging the clustering coefficients of the three models, it is revealed
that Guangzhou, Shenzhen, and Hong Kong belong to the core layer, with an average
closeness centrality across the three models ranging from 0.8 to 1.0. The academic
cooperation among Guangzhou, Shenzhen, and Hong Kong is the most intensive, and
they also have extensive cooperation with other cities in the Greater Bay Area.
Therefore, they play a significant leading role in the Greater Bay Area and exert a strong
influence in the academic cooperation network. Foshan, Zhongshan, and Macao belong
to the half-core layer, with an average closeness centrality across the three models
ranging from 0.6 to 0.8, demonstrating a certain degree of influence in the academic
cooperation network. Dongguan, Zhuhai, Huizhou, Zhaoqing, and Jiangmen are
positioned in the periphery layer of the network, with an average closeness centrality
across the three models ranging from 0.4 to 0.6, indicating relatively weaker academic
cooperation capabilities.

By employing the clustering coefficient and pageRank to stratify the network, further
examination of the overall network's density is conducted through the average path
length and the number of model nodes. Model (1) consists of the 11 cities of the
Guangdong-Hong Kong-Macao Greater Bay Area as nodes, with an average path length
of 1.236. Model (2) includes the Greater Bay Area and major domestic cities, totaling
48 nodes, with an average path length of 1.355. Model (3) comprises the Greater Bay
Area and major countries of the world, totaling 32 nodes, with an average path length of
1.264. It can be observed that as the number of city nodes increases, the average path
length of the network also increases. Watts and Strogatz (1998) introduced the
small-world network model [24] to describe the transition from a completely regular
network to a completely random network. A small-world network possesses clustering
characteristics similar to those of a regular network and also has a small average path
length similar to that of a random network, typically with an average path length less
than 6. The academic cooperation network of the Greater Bay Area, with an average
path length of 1.23 to 1.35, is significantly less than 6, indicating that the academic
cooperation of the Greater Bay Area with major domestic cities and major countries
internationally is relatively tight.

By utilizing the degree and pageRank from complex networks to conduct specific urban
characteristic studies of the scientific and technological network, and analyzing the
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capabilities and roles of the major cities in the Bay Area in academic cooperation, the
data can be standardized using the Z-score normalization method [25] to obtain Figure
7.

Based on the analysis and prediction of scientific cooperation relationships within
community structures [26], the Guangdong-Hong Kong-Macao Greater Bay Area is a
large community structure. By analyzing the aforementioned data, it can be seen from
Figure 7 that in terms of domestic academic cooperation, Model (2) shows that
Guangzhou has a degree of 47, which is slightly advantageous compared to Shenzhen's
degree of 44. In terms of international academic cooperation, in Model (3), Shenzhen's
degree of 31 is slightly advantageous compared to Guangzhou's degree of 30. Whether
it is international or domestic academic cooperation, in Model (2), Guangzhou (degree
47), Shenzhen (degree 44), and Hong Kong (degree 42) currently have a clear
advantage over other cities in the Greater Bay Area. Models (1 to 3) show that the
academic cooperation capabilities of Guangzhou, Shenzhen, and Hong Kong are already
at a relatively close level. By examining the cooperation network between cities, based
on the degree in the network, the factors influencing the cooperation network between
cities can be verified, and suggestions for promoting academic cooperation between
cities can be made.

4. Analysis of Factors Influencing Academic Cooperation Relationships between
Cities in the Guangdong-Hong Kong-Macao Greater Bay Area and Domestic
Cities

4.1 Research Hypotheses

Based on the multi-factor driven domain knowledge network evolution model [27],
combined with the academic cooperation data obtained from the analysis of complex
networks in the previous text, serves as the basis for the analysis of factors influencing
academic cooperation between cities in the Guangdong-Hong Kong-Macao Greater Bay
Area. On this basis, the factors influencing the cooperation network are analyzed based
on the regional innovation system theory. The theory of regional innovation systems
mainly originates from the theory of national innovation systems. Freeman, based on
social practice and surveys, proposed the concept of the national innovation system in
1988, defining it as "a network of various institutions in the public and private sectors
within a sovereign state, whose activities and interactions promote the development,
introduction, improvement, and diffusion of new technologies and organizational
patterns" [28], emphasizing the interplay between the main elements of the system. On
this basis, Cooke, by analyzing the rootedness and network nature of regional
cooperation, proposed the concept of regional innovation systems, which are mainly
composed of regional organizational systems such as higher education institutions that
are geographically divided and related [29], and also include factors such as population,
economy, culture, and geography. Suggestions for promoting urban academic
cooperation are proposed based on the current situation and future development trends
of scientific cooperation [30]. Based on the above theoretical foundations, the factors
influencing the academic cooperation relationship between cities in the
Guangdong-Hong Kong-Macao Greater Bay Area and domestic cities are analyzed as
follows.

The number of universities a city has is one of the important characteristics of the city's
cultural level and also an important reflection of its scientific research capabilities. If a
city has a large number of universities, then the scientific research strength of that city is
obviously strong. Therefore, it can be inferred that the city's academic cooperation
capabilities are also strong. Hence, Hypothesis 1 is proposed.
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H1: The number of universities a city has is positively correlated with academic
cooperation between cities.

The number of scientific research institutions and the number of scientific research
personnel are one of the important indicators of a city's research capabilities. If a city
has a certain number of scientific research personnel, it is likely to better cooperate with
scientific research personnel from other cities, and thus more likely to jointly conduct
research and publish papers. If the number of universities in a city reflects its cultural
heritage, then the number of national key laboratories in a city reflects its scientific and
technological strength. Therefore, Hypotheses 2a and 2b are proposed.

H2a: The presence of national key laboratories in a city is positively correlated with
academic cooperation between cities.

H2b: The number of scientific research personnel in a city is positively correlated with
academic cooperation between cities.

In addition to the necessary cultural and technical capabilities for academic cooperation,
another important influencing factor is the level of economic development. A good level
of economic development can better support the conduct of scientific research and the
cooperation between scientific researchers from different cities. A key indicator of
whether a city has a good economic situation is its GDP, hence Hypothesis 3 is
proposed.

H3: The level of a city's GDP is positively correlated with its academic cooperation.

The urban population, as one of the important characteristics of a city's vitality, has a
certain impact on the city's scientific research and academia. Especially under the
condition of a good population size and structure, it plays a positive role in promoting
the development of scientific and technological capabilities and the conduct of scientific
research cooperation, thus Hypothesis 4 is proposed.

H4: The population of a city is positively correlated with its academic cooperation.

One of the important factors affecting scientific cooperation is distance. This study takes
the Guangdong-Hong Kong-Macao Greater Bay Area as the research object, so it uses
the central points of the 9+2 cities in the Greater Bay Area as the core to calculate their
distances from other cities. The closer the distance between cities, the greater the
possibility of cooperation, and the higher the possibility of jointly publishing scientific
research results. Therefore, Hypothesis 5 is proposed.

H5: The distance between cities is negatively correlated with academic cooperation
between cities.

Based on the above analysis, the theoretical framework for the academic cooperation of
the Guangdong-Hong Kong-Macao Greater Bay Area with major domestic cities is
shown in Figure 8.

4.2 Empirical Analysis of Influencing Factors on Academic Cooperation in the Greater
Bay Area

Correlation analysis is used to verify the relationship between academic cooperation
outcomes and factors such as culture, scientific research institutions, scientific research
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personnel, economy, population, and urban distance. The Pearson correlation analysis is
represented by Equation (5).

In the equation, academic cooperation outcomes \( y_i \) data is sourced from the WOS,
and the degree of each city obtained through the network analysis of the aforementioned
Model (2) represents the tightness of the city's cooperation with other cities. The
representative factor for culture is the number of universities, denoted as \( X_1 \); the
number of scientific research institutions is represented by the count of National Key
Laboratories, denoted as \( X_2 \); the number of scientific research personnel is
denoted as \( X_3 \), the economic-related GDP is denoted as \( X_4 \), the population
count is denoted as \( X_5 \), and the inter-city distance is denoted as \( X_6 \).

Data for \( X_1 \) is sourced from the "2018 Educational Statistics," while \( X_2 \) and
\( X_3 \) come from the 2018 Statistical Yearbook of the cities in the Guangdong-Hong
Kong-Macao Greater Bay Area. GDP data \( X_4 \) and population data \( X_5 \) for
each city are from the "2018 National Statistical Yearbook." Inter-city distance data
\( X_6 \) is measured using Baidu Maps, calculating the distances from the centers of
the 11 cities in the Greater Bay Area to these centers.

Based on the academic cooperation network analysis mentioned above, this study
primarily focuses on 45 Chinese cities with the most publications for empirical analysis
to verify the correlation between the data. This includes the 9+2 cities of the
Guangdong-Hong Kong-Macao Greater Bay Area as well as major cities in China.
SPSS is used to measure the reliability of the data and to complete the standardization
of the data through Cronbach's \( \alpha \) calculation, which results in 0.829, greater
than 0.7, meeting the reliability requirements [31]. For validity measurement, the KMO
and Bartlett values are 0.684, with significance sig (0.000 < 0.001), basically meeting
the validity requirements for the observed objects. SPSS software is used for correlation
analysis to verify the effectiveness of the influencing factors. The results are shown in
Table 3.

Analysis reveals that H1 has a P-value (0.00 < 0.01), and the hypothesis is established,
indicating that having more universities and a stronger cultural heritage can promote
academic research cooperation between cities in the Guangdong-Hong Kong-Macao
Greater Bay Area. H2a has a P-value (0.014 < 0.05), and the hypothesis is established,
indicating that the establishment and number of scientific research institutions and
National Key Laboratories are positively correlated with academic cooperation. H2b has
a P-value (0.000 < 0.05), and the hypothesis is established, indicating that the more
scientific and research personnel there are, the more conducive it is for academic
cooperation. H3 has a P-value (0.000 < 0.01), and the hypothesis is established,
indicating that the more developed the economy of a city, the more it can promote
academic cooperation between cities. H4 has a P-value (0.000 < 0.01), and the
hypothesis is established, indicating that the larger the population scale of a city and the
more vibrant it is, the more it can promote academic cooperation between cities. H5 has
a P-value (0.141 > 0.05), indicating that hypothesis 5 is not established, and it is
concluded that the distance between cities is not a factor affecting academic cooperation.
The past belief that long distances would hinder academic cooperation is no longer valid
in today's society where communication technology is advanced, and researchers from
different cities can fully transcend the limitations of geographical distance to carry out
academic cooperation.
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5. Conclusions and Suggestions

5.1 Research Conclusions

This paper takes the Guangdong-Hong Kong-Macao Greater Bay Area as the subject
and constructs a complex network to study its academic cooperation. The research
results show:

The academic cooperation network of the cities in the Guangdong-Hong Kong-Macao
Greater Bay Area shows a clear structure of core-half-core-periphery and has
small-world characteristics, while there is a certain imbalance in the academic
development of the Greater Bay Area. Guangzhou, Hong Kong, and Shenzhen are the
cores of academic cooperation in the Greater Bay Area, and regions with relatively
weaker economy and science and technology, such as Jiangmen, Huizhou, Zhaoqing,
etc., have great room for improvement in academic cooperation.

The main academic cooperation partners of the Guangdong-Hong Kong-Macao Greater
Bay Area with other regions all show characteristics of more developed economy,
stronger science and culture. For example, domestic cooperation partners are cities with
many universities and scientific research institutions, with strong scientific research
strength and cultural heritage, and developed economy. Internationally, they are
countries with more developed economies, stronger scientific research strength, and
richer cultural heritage.

The positive correlation factors affecting academic cooperation in the Greater Bay Area
include culture, scientific research, economy, and population, etc., and geographical
distance is no longer a factor hindering academic cooperation. If a region has more
university resources and richer cultural heritage, has more high-level scientific research
institutions, has more scientific and research personnel, has stronger economic strength
and larger population size, then its academic cooperation performance will be better and
its academic cooperation ability will be stronger.

5.2 Research Suggestions

5.2.1 Promote the Joint School Establishment in the Guangdong-Hong Kong-Macao
Greater Bay Area

According to the positive correlation between the number of universities a city has and
the academic cooperation between cities. At present, there are 180 higher education
institutions in the Guangdong-Hong Kong-Macao Greater Bay Area, each with its
strengths and weaknesses. Based on this, a Greater Bay Area academic alliance can be
established. Promote exchanges and cooperative education between colleges and
universities, on the one hand, can increase the number of universities a city has; on the
other hand, can strengthen academic cooperation. For example, high-quality university
resources in Hong Kong can be introduced to Guangzhou and Shenzhen, and advanced
experiences can be brought to other regions of the Greater Bay Area. Through campus
construction, strengthen cultural exchanges and social cultural exchanges to promote
academic cooperation and development. To build the Guangdong-Hong Kong-Macao
Greater Bay Area into a world-class bay area comparable to the New York Bay Area,
San Francisco Bay Area, and Tokyo Bay Area, it is necessary to create a cluster of
world-class universities.

5.2.2 Strengthen the Construction of Laboratories in the Guangdong-Hong Kong-Macao
Greater Bay Area
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According to the positive correlation between the number of national key laboratories a
city has and the academic cooperation between cities. The construction of key
laboratories is conducive to academic cooperation, so a "University Joint Laboratory" in
the Guangdong-Hong Kong-Macao Greater Bay Area can be established. With the 26
universities joining the Guangdong-Hong Kong-Macao University Alliance as the
backbone, build joint laboratories with school characteristics. Universities in the pilot
zone jointly establish research and development centers or joint laboratories to achieve a
model of joint enrollment and training, and jointly carry out scientific and technological
research and development, further promoting academic cooperation between cities.

5.2.3 Optimize the Research Team Construction in the Guangdong-Hong Kong-Macao
Greater Bay Area

Based on the positive correlation between the number of scientific research personnel a
city has and the academic cooperation between cities, the quantity of researchers has a
positive impact on academic cooperation. Therefore, it is necessary to strengthen the
protection and incentive of scientific research talents in the Guangdong-Hong
Kong-Macao Greater Bay Area, promote the joint training and cooperative exchange of
scientific research talents, promote the rational flow of talent elements, appropriately
increase the number of graduate students in the Greater Bay Area, and optimize the
structure of graduate students. Fully leverage the policy advantages of the bay area, plan
and carry out the docking of talents and industries in the Greater Bay Area, achieve the
complementarity and development of industry, academia, and research, and jointly
promote the exchange and cooperation of scientific research talents in Guangdong,
Hong Kong, and Macao.

5.2.4 Promote Steady Economic Growth in the Guangdong-Hong Kong-Macao Greater
Bay Area

Based on the positive correlation between a city's GDP development level and its
academic cooperation, economic development can effectively support scientific
research work and help promote cooperation in academic research. Taking Hong Kong,
Macao, Guangzhou, and Shenzhen, the four central cities, as the core engine for the
development of regional academic cooperation, continue to give play to the comparative
advantages and exemplary role, and enhance the radiating and driving effect on the
academic development of surrounding areas. Support Zhuhai, Foshan, Huizhou,
Dongguan, Zhongshan, Jiangmen, Zhaoqing, and other cities to give full play to their
own advantages, develop advantageous industries, promote economic development
through industrial development, thereby driving academic cooperation, forming
important node cities with functional complementarity and academic competitiveness,
and promote academic cooperation through the support of science and technology
funds.

5.2.5 Optimize the Talent Structure of the Guangdong-Hong Kong-Macao Greater Bay
Area

Based on the positive correlation between a city's population size and its academic
cooperation, the scale of talent has a certain impact on academic cooperation. Therefore,
strengthen top-level design and optimize the structure of scientific research personnel in
the Guangdong-Hong Kong-Macao Greater Bay Area. Fully leverage the policy
advantages of the bay area, carry out the docking of resources and talents in the Greater
Bay Area, and jointly promote the cooperation and exchange of talents in Guangdong,
Hong Kong, and Macao. On the basis of the gradual increase of the population size,
improve the cultural level and educational level of the population. Through the
interconnection of policies, the mutual support of talent work systems, and the
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interpenetration of talent resource markets, promote the free flow of human resources,
enhance the vitality of the population in each city, and enhance the comprehensive
advantages of the Greater Bay Area in attracting high-end talents from home and abroad.
Gradually optimize the population structure of each city in the bay area, especially
strengthen the assistance and mobility of Guangzhou, Hong Kong, and Shenzhen to the
bay area cities with weaker academic capabilities, and jointly promote academic
cooperation in various cities of the Greater Bay Area.
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