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Abstract: This article examines the dynamics of scientific and technological innovation and coopera-
tion in the Guangdong–Hong Kong–Macao Greater Bay Area. It focuses on unraveling the intricate
web of influences that steer patenting and transformation within 34 universities in this region. The
study reveals the spatial spillover of university patent applications and delves into the nuanced
choices universities make in transforming patents. The findings underscore the antecedents of uni-
versity patent applications and reveal their propensity for spatial spillovers across the region. Key
determinants, in particular the government funding and the economic prosperity of the region in
which the university is located, do not positively affect university patent applications. Interestingly,
institutional distance can assist colleges in the region in generating more patents. Moreover, the
study delineates two central pathways for patent transformation within universities: one involves the
strategic allocation of internal resources, while the other depends on collaborative ventures between
universities and their respective regional ecosystems. This dual approach illuminates viable pathways
for the evolution of university patents and provides insights into leveraging internal dynamics and
fostering collaborative networks with the broader regional innovation milieu.

Keywords: scientific and technological innovation and cooperation; Guangdong–Hong Kong–Macao
Greater Bay Area; university patents; patent application; spatial econometrics; fuzzy-set qualitative
comparative analysis; patent transformation path

1. Introduction

Capabilities for scientific and technological innovation, as well as the cultivation of
technical talents, are critical components in assuring regional economic growth and driving
sustainable development [1]. Science and technology make it possible to achieve sustain-
able development without sacrificing the current achievements of society in quality of
life or other aspects, but also by improving and developing current achievements further.
Patents and publications (theses, dissertations, journal articles, books, etc.) are two main
kinds of products of scientific and technological innovation. Patents can encourage inven-
tors to invest in research and the development of sustainable technologies by providing
them with exclusive rights to their inventions for a limited period, which can incentivize
them to develop and commercialize sustainable technologies [2,3]. Patents can simplify
technology transfer by offering a legal framework for the license and commercialization
of lasting technologies, supporting the widespread distribution and faster adoption of
sustainable technologies. Invention patenting includes several stages: research, application,
transformation, and product, etc. Patent applications and transformation are two core
stages of the whole patenting process [4,5].

Universities, as innovative entities with significant innovation vitality, play an essen-
tial role in the coordinated development of industry, academia, and research. Innovation
activities in universities can foster inventive engagement between the government and
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enterprises, which can help activate the transformation of scientific and technological
innovation achievements, thereby improving social productivity [6]. To encourage applied
research in universities and advance the development of patent commercialization, some
developed countries or regions, including the United States, Italy, and Europe, have intro-
duced corresponding measures and bills to protect the patent rights of universities [7–9].
These measures have led to a surge in patent applications and transformation from uni-
versities. Invention patents by universities have accounted for nearly 1/4 of the total
invention patents in China. However, a series of problems existed in university patent
ventures [10,11]. Since the promulgation of the Chinese Patent Law in 1985, the university
patent applications have sharply increased, but few of them have been transformed, uti-
lized or industrialized. In 2022, the transformation rate of invention patents in Chinese
universities is only 3.9%, while the rate of American universities has already reached
40% [12]. Although a large number of patents have been applied each year, most of them
lacked the application value, and very few have been transformed for practical application.
The question that naturally came out is why Chinese universities have so many invention
patents but few transfers, and whether there are any different influencing factors between
invention patent applications and transformation. Clarifying the antecedents that affect
patent applications and transformation paths in universities plays an important reference
role in further promoting high-quality innovation growth in developing countries.

Scientific and technological innovation is seen as a significant channel for achieving
sustainable services and products. The importance of technological innovation in attaining
sustainable development is also influenced by the stage of development of a country
or region. The Guangdong–Hong Kong–Macao Greater Bay Area has been planned to
be an innovation hub by the Chinese government in 2015. The urban agglomeration
under “one country, two systems”, is expected to deepen internal cooperation and open
to the outside world, which can enable the Greater Bay Area to better serve the national
innovation-driven development strategy. Scientific and technological resources, as well
as the favorable scientific and technological innovation environment, have contributed
to the constant growth of patent activities at universities of the Greater Bay Area. Unlike
intra-regional patent activities between European Union countries or other Bay areas, the
cross-border institutional differences in the Greater Bay Area have also created a distinct
regional innovation research environment.

Regional innovation research has shown that spatial proximity is no longer an obstacle
to international cooperation among universities. In fact, diversified international systems
can have a positive impact on cross-border university technology transfer [13]. The closer
the clustering of innovative subjects in a region is to universities, the greater the potential
to enhance diversity and innovation within the industry [14]. The spatial knowledge
spillover effect has become a key factor in the innovation output of universities. To examine
the different influencing factors from the invention patent application to transformation,
this article applies the spatial econometrics model to measure the spatial spillover effects
and influencing factors of patent applications by universities in the Greater Bay Area
and employs fuzzy-set qualitative comparative analysis (fsQCA) to investigate the path
selection of university patent transformation and its influencing factors from the perspective
of configuration analysis. This study provides experience promoting invention patent
applications and transformation for developing countries.

This paper contributes to the current literature on university patenting in two ways:
one is that this study explores the different influencing factors in the university patent
applications and transformation, which can contribute to enhancing the policy accuracy,
while the existing literature did not differentiate the patent application from the patent
transformation. The second point is that the Greater Bay Area is a special region with
the cross-border characteristic but part of the same country. Examining the patenting
cooperation in this region can contribute to understanding the cross-border science and
technology innovation cooperation.
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The rest of the article proceeds as follows: Section 2 presents the research design to
discuss studies on patent applications and transformation, respectively; Section 3 introduces
the methodology on the analysis model/method, variables and data sources; Section 4
describes the research findings; finally, Section 5 discusses the empirical findings and offers
some recommendations over the university patent applications and transformation.

2. Research Design

Scientific and technological innovation is the source of the industrial revolution and
economic development. Papers and patents are two metrics widely used to assess innova-
tion outputs in science and technology. When comparing them with publications, patents
have more practical utility value for industrialization. Multiple stakeholders, including
governments, firms, universities, and invention applicants, play a significant role in the pro-
cess of patent development in universities. Numerous factors influence patent applications
and transformation in universities. Mohammed Abdul Fasi emphasizes the importance of
interaction between enterprises and university innovation departments in the technology
transfer [15]. Industry and commercialization funding support can expand university
patent development activities [16]. In addition, scholars analyze the factors affecting patent
productivity from the perspective of market fluctuations and policy changes [8,17]. How-
ever, there is no universally recognized indicator system for studying the factors that
affect university patent activities [18]. Thus, it is valuable to explore the different factors
influencing university patent applications and transformation.

2.1. Patent Applications

The role of government and business in innovation has been debated. Some argue
that the government plays a larger role, while others believe that business is more im-
portant [19–21]. In well-developed nations, the strong market forces provide sufficient
resources for the universities to explore the frontiers of science and technology. However,
for less-developed countries, particularly those lacking large enterprises, government
funding may play a more important role for scientific and technological innovation in
universities. Allocation of university research funding by the government may positively
impact patents, articles and other academic outputs [22,23]. It can be inferred whether
the successful patent application is related to research funding. In addition, the human
capital of universities is crucial for successful patenting. In the current research funding
system, the interaction between researchers and funding bodies is of paramount impor-
tance. Researchers may redirect their research to match the funding priority [24–26]. Thus,
we propose Hypothesis 1.

H1: Government funding for scientific research in universities has a positive relationship with
patent applications in universities.

Studies on regional innovation development show that there is an interactive coupling
relationship between varied innovation agents and the regional economy. On the one
hand, innovation development might propel regional economic growth through engaging
in inventive activities and spreading innovative capacity [27,28]. On the other hand,
the level of regional economic development is likewise essential to patent activities and
has an equivalent impact on university patent applications. The more specialized the
regional economy, the more the university’s patent output in the corresponding industrial
field [29,30]. China’s GDP has dramatically grown since 1980 to the second largest one,
while its development of scientific and technological innovation is also advancing at a rapid
pace, particularly in well-developed regions. Universities, as the key drivers of scientific
and technological innovation, play a critical role in patent applications and transformation.
It is expected that the government and enterprises in the well-developed region have more
resources for local university development and more funding to innovation and patenting,
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which can contribute to the growth of university patenting activities. Thus, Hypothesis 2 is
proposed as follows:

H2: The level of economic development in the region where the university is located has a positive
impact on patent applications made by the university.

Institutional distance refers to the difference and resemblance in the institutional envi-
ronment of countries (regions), including regulatory, cognitive, and normative systems [31].
In cross-border research, institutional environmental factors have become one variable that
cannot be ignored. Scholars have different views on the impact of institutional factors on
cross-border collaboration. Some researchers believe that institutional distance has created
misunderstanding among co-inventors and increased the cooperation cost, considering
borders as impediments, while others argue that cross-border collaboration brings in new
innovations as borders are dynamic institutions; differences in culture and institutions
can spur innovation [32–35]. According to OECD data, over the last three decades, the
proportion of patents involving a co-inventor from another country has increased from
10% to 20% [36]. This illustrates the increasing interest in cross-border research. Unlike
cross-border flows between countries, the Greater Bay Area, China’s new science and tech-
nology innovation highland, is a special area with three highly autonomous regions under
one country, two systems, three legal systems and three separate customs territories [37].
The Greater Bay Area has exhibited enormous innovation potential. The cooperation
of the Greater Bay Area inspires sparks from the collision of diverse cultures and ideas,
which consequently contributes to invention and patents [38,39]. Therefore, Hypothesis 3
is proposed.

H3: As institutional distance increases within the Greater Bay Area, the number of patent
applications from universities will increase.

2.2. Patent Transformation

Patent transformation is a way to transfer technology for the purpose of achieving the
final target of patenting by third parties [40]. Studies use patent transfer data to measure
the innovation efficiency and the driving factors of patent transfers. Some research employs
social network analysis with patent transfers as indicators to examine inventive collabora-
tion in innovation networks [41,42]. Others apply innovation indicators and econometric
models to investigate the influence of patent transfers on the quality of innovation in cities,
enterprises, and other fields [43,44].

Among these research subjects, university patents are particularly significant, since
they constitute a unique and highly visible type of “technology transfer” [45]. Scholars
focus on knowledge spillover, driving factors and resource allocation in the patent transfer
process in this research. Timothy R. Anderson uses data envelopment analysis approach
to measure the efficiency of university technology transfer [46]. Xuemei Xie explores how
the innovation ecosystem promotes product innovation, and multiple impact paths are
shown by using fuzzy-set qualitative comparative analysis (fsQCA) [47]. Inés Macho-
Stadler explores the role of the technology transfer office in patent transformation [48].
Considering the impact of multiple variables on the transfer of university patents, we wish
to investigate the appropriate path through cohort analysis using fsQCA.

3. Methodology

This study endeavors to investigate the differences in influencing factors between
university patent applications and their subsequent transformation. Our approach involves
the utilization of both spatial econometrics models and fuzzy-set qualitative comparative
analysis (fsQCA) to explore the determinants shaping university patent applications and
transformations within the Greater Bay Area. The spatial econometrics model will rigor-
ously test three hypotheses concerning patent applications, whereas fsQCA will focus on



Sustainability 2024, 16, 571 5 of 15

delineating the intricate pathways of university innovation patents’ transformations. To
address the distinctions in influencing factors between the stages of the application and
transformation, we maintain consistency by employing identical independent (conditional)
variables in both methodologies. The combination of the two approaches allows for a
more comprehensive observation of the influencing factors affecting university patent
applications and transformation, ensuring multiple analyses from both a monofactor and
cohort perspective. The integration of these two analytical approaches within a singu-
lar study is not unprecedented, having been successfully employed in prior scholarly
endeavors [49,50].

3.1. Spatial Econometrics Model and Variables
3.1.1. Spatial Econometrics Model

Spatial econometrics is a method of modeling spatial variables to explore spatial
dependence or spatial heterogeneity [51]. In order to study the spillover effect of patent
application activities of universities in the Greater Bay Area, this paper draws on the Cobb–
Douglas function to explain the relationship between knowledge input and output [52],
and establishes an Ordinary Least Squares regression (OLS) model as

IPi = α + β1TRi+β2TFi + β3TPi + β4PGDPi + β5PIPi + εi (1)

Based on the research of scholars [53], taking into account the lag effect of patents, the
spatial lag model is set as

IPi = α + ρW ∗ IPi + β1TRi+β2TFi + β3TPi + β4PGDPi + β5PIPi
+εi, ε ∼ N

[
0, σ2 I

]
, i = 1, 2, . . . . . . , 34

(2)

At the same time, two spatial weight matrices are generated based on the distance
between universities and external institutional differences. The formula is as follows:

Wdis =

{
1

d2
ij

, i ̸= j;

0, i = j
(3)

Wins =

{
institutionij, i ̸= j;

0, i = j
(4)

In Formulas (1) and (2), the parameter vector β represents the influence of the ex-
planatory variable on the dependent variable, ρ is the spatial effect coefficient and W is the
spatial weight matrix. In Formula (3), d is the distance between the geographical center
locations of the two universities. institutionij in Formula (4) represents the institutional
environment of the regions where the two universities are located.

3.1.2. Variables

The number of invention patent applications is a crucial indicator for measuring the
basic innovation capabilities of universities [54–56]. Considering the time lag of output
transformation and financial investment, this paper chooses the number of invention patent
applications of universities as the dependable variable and selects the application data
of 2016 and 2017. To be more directional, the study uniformly selects China’s invention
patents as the research index of universities in the Greater Bay Area.

Spatial econometrics analysis is intended to test the impact of government funding, the
level of regional economy and technological innovation, and the institutional environment
on university innovation patent application activities. The following variables are included:
human capital, government funding, project research and development, level of economic
development, and science and technology innovation and development. Scientific and
technological achievements in universities heavily relied upon government funding. The
government funding for academic research is allocated to each university or college through
research projects. Meanwhile, faculties are the main drivers of patented inventions in
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universities and play a significant role in measuring the level of scientific innovation
in universities. They all ensure the quality of scientific research products [57,58]. Here,
we adopt total number of faculty and scientific research funds to measure these two
variables, respectively. Besides the inner factors of universities, the patenting activities of
universities are influenced by the overall development environment of the region in which
the university is located. Gross national product per capita is used as a measure of the level
of economic development. In general, scientific and technological innovation development
and economic development are mutually supportive. Thus, the indicator of invention
patent ownership per 10,000 people is used as a specific reference for the development of
science and innovation [59,60]. The specific description of the above variables is shown in
Table 1.

Table 1. Description of factors influencing patent applications by universities in the Guangdong–
Hong Kong–Macao Greater Bay Area.

Variable Variable Description Symbol

Productivity Number of patent applications/piece IP
Human capital Total number of faculty/person TR

Government funding Scientific research funds/100 million yuan TF
Project research and development Scientific research projects/item TP

The level of economic development
Science and technology innovation and development

Gross national product per capita/10,000 yuan PGDP
Number of invention patents owned/10,000 people PIP

Institutional environment (dummy variable): In order to quantify the uniqueness
of “one country, two systems, three customs” in the Greater Bay Area, the institutional
environment indicator based on regional conditions is introduced. Here, we rely on Yang’s
study [61]. The paper distinguishes a hierarchy of cities in the three regions. In terms of
institutions, the nine cities in Guangdong operated under a socialist system, while Hong
Kong and Macao operated under a capitalist system. The cities in Guangdong have the
same customs territory, while Hong Kong and Macao have their own customs territories
respectively. In terms of administrative level, Guangzhou and Shenzhen are sub-provincial
cities; the other seven cities in Guangdong are prefectural cities while Hong Kong and
Macao are Special Administrative Regions (SARs) regarded as provincial cities. Based on
the above grading, we assigned values 1–4 to these cities.

3.2. Fuzzy-Set Qualitative Comparative Analysis and Variables
3.2.1. Fuzzy-Set Qualitative Comparative Analysis

Fuzzy-set qualitative comparative analysis (fsQCA) aims to explore the influence of
relevant variables on the university patents transformation from the perspective of configu-
ration analysis. Qualitative comparative analysis (QCA) is a research method that combines
qualitative analysis and quantitative methods to explore the combination of occurrence
conditions for complex problems by identifying the sufficient and necessary relationships
between the explained results and the combination (or configuration) of antecedent con-
ditions [62]. Fuzzy-set qualitative comparative analysis (fsQCA) is a variant of QCA that
solves the problem of binary variables in QCA analysis. It can further analyze degree
changes and partial membership problems based on dealing with category problems [63].
Consistency and coverage are the two most important factors for measuring fitting parame-
ters in fsQCA. Consistency demonstrates the robustness of set indicator interaction, which
refers to the degree to which causal combinations produce the same effect. Coverage is
similar to R2, which reports the proportion of variance in classical regression [64,65].

3.2.2. Variables

This article employs the technology transfer revenue of year 2017 in transformation
analysis as the outcome variable (similar to the number of patent applications as the de-
pendent variable at the patent application stage). Independent variables (human capital,
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government funding, project research and development, the level of economic develop-
ment, and science and technology innovation and development) applied in the spatial
econometrics analysis on the patent application are also adopted as conditional variables in
the fsQCA on the patent transformation.

3.3. Data Source

The study includes 34 universities located in three regions, namely 27 in Guangdong
Province, 6 in Hong Kong, and 1 in Macao. The sample excludes universities that did
not apply for patents in 2016 or 2017 and those that were not established in or before
2016. Patent data are sourced from the Incopat database. Data on human capital, research
funding, and project research and development of universities in mainland China were
obtained from the 2016–2017 “Compilation of Science and Technology Statistics in Colleges
and Universities” released by the Ministry of Education. Considering that the choice of
patent transformation path in universities is the combined result of multiple factors, the
data were processed over one lag year. Therefore, the outcome variable used 2017 data, and
the condition variable used 2016 data for antecedent analysis [66]. University data of Hong
Kong were obtained from the Hong Kong University Grants Committee, while university
data of Macao were obtained from respective official university websites and the Macao
Bureau of Statistics. Data on regional economic development, financial allocations, and
scientific and technological innovation development in mainland China were sourced from
the “China Statistical Yearbook” and various local “Statistical Yearbooks”. Hong Kong and
Macao data were sourced from local statistics bureaus and the World Bank. The Hong Kong
and Macao data were converted into RMB in exchange rate of 2016 and 2017, respectively,
and missing data were filled in using linear interpolation.

4. Research Results
4.1. Current Status of Patent Activities in the Guangdong–Hong Kong–Macao Greater Bay Area

The application for invention patents is the foundation of patent transformation. Prior
to conducting empirical analysis, we sorted out the number of invention patent applications
in various cities in the Greater Bay Area. As illustrated in Figure 1, Shenzhen ranks first in
the number of invention patent applications, and the number of applications in Guangzhou
and Foshan also significantly exceeds that of other cities. Based on the China patent data, in
comparison to the mainland counterparts, the number of applications applied from Hong
Kong and Macao indicates that patent activities in these two regions are not very active.

Sustainability 2024, 16, x FOR PEER REVIEW 8 of 15 
 

 
Figure 1. Number of invention patent applications in cities in the Guangdong–Hong Kong–Macao 
Greater Bay Area in 2017. 

4.2. Empirical Analysis of Spatial Econometrics 
Table 2 presents the factors that influence invention patent applications in universi-

ties, including geographical spatial effects. The first column of the table uses an OLS 
model to study the direct impact of explanatory variables on university patent activities. 
The coefficients of TP and PIP are both positive and significant at the 0.01 and 0.05 levels, 
respectively. This indicates that the number of scientific research projects and the degree 
of regional patent activities have a significant impact on the number of university patent 
applications. In contrast, the coefficient of TF is not significant, and this variable does not 
have a significant impact on patent applications in universities. 

Table 2. Results of OLS and spatial lag model regression. 

 OLS Distance Institution 

TR −0.542 * 
−0.752 ** 
(−2.03) 

−1.005 ** 
(−2.95) 

TF −0.287 −0.200 
(−1.06) 

−0.059 
(−0.34) 

TP 1.398 *** 1.343 *** 
(4.42) 

1.432 *** 
(5.31) 

PGDP −1.779 ** 
−1.356 ** 
(−2.66) 

−0.082 
(−0.013) 

PIP 0.645 * 0.616 * 
(2.23) 

−0.313 
(−0.93) 𝜌  0.166 ** 

(2.21) 
0.011 *** 

(3.81) 𝛿2  1.272 1.001 𝑅ଶ 0.589 0.619 0.702 
Note: *** p < 0.01, ** p < 0.05, * p < 0.1. 

The second and third columns of the table include distance and institutional environ-
ment elements to further study the indirect influence of science and technology invest-
ment in surrounding universities on patent activities. Under the influence of spatial dis-
tance and institutional factors, 𝜌 is positive and significant at the 0.05 and 0.01 levels, 
respectively. This shows that there is a spatial spillover effect, and the patent activities of 
spatially adjacent universities could affect each other. Specifically, under the influence of 
distance, the coefficients of TP and PIP are positive and significant at the 0.05 and 0.1 lev-
els, indicating that the investment of neighboring universities and the development of in-
novation in neighboring regions will also affect the university’s patent applications. In 

0
10,000
20,000
30,000
40,000
50,000
60,000
70,000

Nu
m

be
r o

fi
nv

en
tio

n 
pa

te
nt

 
ap

pl
ica

tio
ns

/p
ie

ce

City

Figure 1. Number of invention patent applications in cities in the Guangdong–Hong Kong–Macao
Greater Bay Area in 2017.

4.2. Empirical Analysis of Spatial Econometrics

Table 2 presents the factors that influence invention patent applications in universities,
including geographical spatial effects. The first column of the table uses an OLS model
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to study the direct impact of explanatory variables on university patent activities. The
coefficients of TP and PIP are both positive and significant at the 0.01 and 0.05 levels,
respectively. This indicates that the number of scientific research projects and the degree
of regional patent activities have a significant impact on the number of university patent
applications. In contrast, the coefficient of TF is not significant, and this variable does not
have a significant impact on patent applications in universities.

Table 2. Results of OLS and spatial lag model regression.

OLS Distance Institution

TR −0.542 * −0.752 **
(−2.03)

−1.005 **
(−2.95)

TF −0.287 −0.200
(−1.06)

−0.059
(−0.34)

TP 1.398 *** 1.343 ***
(4.42)

1.432 ***
(5.31)

PGDP −1.779 ** −1.356 **
(−2.66)

−0.082
(−0.013)

PIP 0.645 * 0.616 *
(2.23)

−0.313
(−0.93)

ρ
0.166 **
(2.21)

0.011 ***
(3.81)

δ2 1.272 1.001
R2 0.589 0.619 0.702

Note: *** p < 0.01, ** p < 0.05, * p < 0.1.

The second and third columns of the table include distance and institutional environ-
ment elements to further study the indirect influence of science and technology investment
in surrounding universities on patent activities. Under the influence of spatial distance and
institutional factors, ρ is positive and significant at the 0.05 and 0.01 levels, respectively.
This shows that there is a spatial spillover effect, and the patent activities of spatially
adjacent universities could affect each other. Specifically, under the influence of distance,
the coefficients of TP and PIP are positive and significant at the 0.05 and 0.1 levels, indi-
cating that the investment of neighboring universities and the development of innovation
in neighboring regions will also affect the university’s patent applications. In contrast,
TR and PGDP are negatively correlated with the increase in applications. This suggests
that universities in areas with higher economic development or more researchers do not
have many patent applications. Meanwhile, ρ for institutional distance was shown to be
positive and significant. It suggests that in the Greater Bay Area, institutional distance is
not a barrier, but a spark that promotes the development of science and innovation among
universities, resulting in a positive impact.

In summary, Hypothesis 1 and Hypothesis 2 were rejected. Within the Greater Bay
Area, institutional distance contributes significantly and positively to the development
of university patenting, confirming Hypothesis 3. Under the influence of institutional
distance, the effects of TP and PIP on university patenting are consistent and there is some
spillover effect, while none of the regional environment variables are significant and have
no impact on university patenting.

4.3. Analysis Results of University Patent Transformation Paths

In order to study the choice of patent transformation paths in a more systematic way,
we decide to focus on colleges and universities themselves. Given the different research
funding allocation systems in the Mainland, Hong Kong, and Macao, we choose 16 uni-
versities in Guangdong Province as cases. It ensures samples under the same funding
system. Although there are many universities in Guangdong, some of them do not have
patent transformation, or have very few, which is unrelated to our study, so we only
choose those colleges or universities with a certain number of patent transformations as
samples. Therefore, to a certain extent, these universities can reflect the level of science
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and technology innovation in Guangdong universities. Generally speaking, different types
of universities will also show differences in their output of scientific and technological
innovation [46,67]. In this article, we classified universities based on their types as compre-
hensive university, technical-science university, medical university, agriculture university
and normal university. Our aim is to make a simple distinction among universities to
study the transformation path of patents rather than explore the impact of different types
of universities. Thus, for the anonymization purpose, only university characteristics are
reported to avoid controversy over the results.

To assign a membership degree to the specific condition set of the case, the original
data were further calibrated into a dataset with a score of 0–1 [68]. Following Fiss’s
research [69], this paper utilized fsQCA to calibrate data by using three registration points:
the fully affiliated point (95% quantile), the intersection point (50% quantile), and the fully
unaffiliated point (5% quantile). The partial membership of the anchor points was adjusted
by −0.001 to eliminate overlap between the anchor points and the original data. Table 3
shows the calibration anchor points for the five condition variables.

Table 3. Fuzzy-set membership calibrations and sample descriptive statistics.

Condition Variable Full Affiliation Point Intersection Completely Unaffiliated

Science and technology innovation
transformation level 49,762.75 1501 45.25

Human capital 6138 1115 337.75
Government funding 1,094,656.5 278,238.5 5111.75

Project research and development 6,385.75 958 77.5
The level of economic development 151,766.99 145,254.39 52,972.963
Science and technology innovation

and development 45.125 22.4 5.924

Table 4 presents the calibrated values of 16 universities’ overall ability to transform
scientific and technological achievements. The table shows that the average comprehensive
ability of the 16 universities in patent transformation is 0.389. From the perspective of
transformation ability, the top two universities have relative advantages. Among the
16 universities, their transformation level is the highest. There are seven universities with a
transformation level between 0.5–0.9, accounting for 43.75%. This is consistent with the
number of colleges and universities with comprehensive capabilities below 0.4. In terms of
university types, colleges, and universities with a significant preference for subjects such as
science, engineering, and medicine have better achievement transformation capabilities.
The top three universities have more transformation advantages than other comprehensive
universities. There are substantial variances in the total transformation capabilities of
scientific and technological achievements in 16 institutions in Guangdong Province.

Table 4. The scientific and technological achievement transformation capabilities of 16 universities in
Guangdong Province in 2017.

College
Number College Type Transformation

Ability
College
Number College Type Transformation

Ability

1 Technical–science university 1 9 Comprehensive university 0.47
2 Medical university 0.9 10 Normal university 0.16
3 Medical university 0.62 11 Normal university 0.12
4 Comprehensive university 0.61 12 Comprehensive university 0.06
5 Agricultural university 0.54 13 Comprehensive university 0.05
6 Technical–science university 0.53 14 Technical–science university 0.05
7 Comprehensive university 0.51 15 Technical–science university 0.05
8 Normal university 0.5 16 Comprehensive university 0.05
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4.3.1. Necessity Analysis of Conditional Variables

We checked whether the five requirements in the conditional variables (including the
“non” condition) were required conditions that affect the transformation of scientific and
technological achievements in universities in Guangdong Province before completing the
standard analysis (see Table 5). If the consistency of the variables in the test is greater than
0.9, the condition variable is considered a required condition, has a significant impact on
the generation of results, and will almost certainly be included in the result route analysis.
Table 5 clearly shows that there are no necessary conditions.

Table 5. Analysis results of necessary conditions for universities in Guangdong Province.

Condition Variable Consistency Coverage ~Condition Variable Consistency Coverage

Total number of faculty 0.891 0.814 ~Total number of faculty 0.870 0.926
Research funding 0.842 0.790 ~Research funding 0.858 0.895

Scientific research projects 0.843 0.772 ~Scientific research projects 0.758 0.851
GDP per capita 0.793 0.676 ~GDP per capita 0.716 0.843

Number of invention patents
owned by 10,000 people 0.790 0.639 ~Number of invention patents

owned by 10,000 people 0.842 0.894

Note: “~” means “not” in logical operations.

4.3.2. Adequacy Analysis of Conditional Configuration

Before conducting configuration analysis, two important indicators need to be estab-
lished: the minimum case frequency and the consistency threshold. In this study, we set the
minimum case frequency to 1 and the consistency threshold to 0.8. We then built a truth
table to determine the proportional reduction inconsistency (PRI) value, which was found
to be greater than or equal to 0.7 [70]. We performed configuration analysis on the five
conditional variables and investigated numerous combination paths that affect the result
variables. Eventually, we obtained complex, parsimonious, and intermediate solutions.
To accurately evaluate the results, we used the intermediate solution supported by the
parsimonious solution. The consistency of this solution was found to be 0.715, the coverage
of the solution was 0.882, and the overall interpretability was high.

The study presents the conditional variable combination paths that affect the scientific
and technological innovation capabilities of universities in Guangdong Province, as shown
in Table 6. The transformation structure of scientific and technological achievements in
colleges and universities comprises three paths. Path 1 and Path 2 are a couple of high-level
transformation configurations. The consistency of the paths and the solution is greater than
the consistency threshold of 0.8, and the raw coverage of the two paths is 0.615 and 0.686,
respectively. This demonstrates that the two configuration paths lead to the same result
variable. Based on the different results of the configured paths, the study further analyzed
the two paths.

Configuration 1—Intrinsic resource support path

In configuration 1, the allocation of scientific research funding plays a central role.
This highlights the importance of funding for universities to continue carrying out patent
research and development during the patent transformation period. The management
of scientific research funds by universities directly affects the allocation management of
personnel and the smooth development of follow-up work [71]. Meanwhile, the absence of
the region–context factor in this path area shows that even in areas with imperfect financial
resources, the rational allocation of universities’ own resources can also play a role in the
level of transformation.

Configuration 2—Reasonable resource allocation path

In configuration 2, the increase in scientific researchers, scientific research projects,
GDP per capita, and invention patent ownership per 10,000 people are sufficient conditions
to affect the ability of universities to transform scientific and technological achievements.
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Among them, research funding is still the core condition, which promotes the implemen-
tation of patent transformation in universities. The other variables are edge conditions.
While the government vigorously promotes scientific and technological development, the
high-quality talent resource of universities, and high-quality hardware facilities are both
distinct advantages that promote the quality of scientific research and the transformation
of results [72].

Table 6. Configuration analysis results of scientific and technological innovation capabilities of
universities in Guangdong Province.

Condition Variable
Scientific and Technological Achievements Transformation Configuration

1 2 3

Human capital • • ⊙
Government funding    

Project research and development • • ⊙
The level of economic development ⊙ • ⊙
Science and technology innovation

and development ⊙ • ⊙

Consistency 0.907 0.910 0.811
Raw coverage 0.615 0.686 0.376

Unique coverage 0.019 0.076 0.024
Solution consistency 0.715
Coverage of solution 0.882

Note:  indicates the existence of the core condition, ⊙ indicates the absence of the core condition, • indicates the
existence of the edge condition.

5. Conclusions and Suggestions

Through examining the university patent applications and transformation, this paper
explored scientific and technological innovation in the Greater Bay Area of South China.
Some interesting findings have been observed. The scientific and technological innovation
achievements of universities in the Greater Bay Area have a certain spatial spillover effect.
This suggests that a network for scientific and technological innovation has been established
within the Greater Bay Area, and universities positively collaborate in terms of patent
research and development. However, universities are also affected by various aspects
concerning patent applications and transformation.

In the period of the patent application, government funding does not directly affect
the number of university patent applications. Meanwhile, the economic development of
the region where the university is located does not affect the amount of patent applications
of the university. Considering the special situation of “one country, two systems, and three
customs” in the Greater Bay Area, we added dummy variables to measure institutional dis-
tance. The result shows that the institutional distance in the Greater Bay Area can promote
the patent applications of universities in the region. It suggests that different institutions
in the Greater Bay Area have certain advantages in the patent applications of universities.
In further exploring the configuration analysis of individual patent transformation in uni-
versities, the result reveals that two paths affect the efficiency of patent transformation in
mainland universities. The first path is the optimization of the university’s own resources,
including university researchers, research projects, and research funds. The second path is
the combined efforts of the university and the region. Except for universities, the develop-
ment of the regional economy and technological innovation can impact the transformation
of university patents. From the empirical results, it is easy to observe that in both paths,
research funding is a necessary condition to promote the patent transformation.

Based upon our study, the promotion of scientific and technological innovation output
by universities in the Greater Bay Area requires efforts from the government and university.
First of all, the government needs to transfer the fiscal support from the university patent
application to the patent transformation, and launch supporting policies prioritizing the
output of scientific and technological innovation. Since there is risk in transferring the
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patent and producing profitability, this requires the government to provide the venture
fund to support and encourage patent transformation. Additionally, the government needs
to establish technology transfer companies to support technology transfer, since it is a
long and complex process involving different professional talents in product production,
management and sales, which is beyond the capacity of patent inventors. Such measures
may ensure the universities’ enthusiasm towards patent applications and transformation.
Well-developed regions should increase investments in university patent transformation
to promote the local economy, and all cities within the Greater Bay Area under the ‘one
Country, two Systems’ need to prioritize the output of scientific and technological innova-
tion and regard the patent activities of universities as one of the driving forces for regional
development. Secondly, patent applications are influenced more by universities’ internal
incentive policies than by the external environment, so it is worthwhile to adopt univer-
sities’ incentive policies to encourage patent applications. Universities should optimize
the allocation of talents, research projects and research funds to stimulate invention and
patent applications. Finally, local governments and universities in the Greater Bay Area
should acknowledge the advantages of the region’s distinct institutions. They need to give
priority to cooperation in scientific and technological innovation among universities and
enterprises, enhance the vitality of innovation, and promote knowledge circulation within
the Greater Bay Area.

This study has two limitations. First, the sample size of the data is small. If more
data can be obtained, the causality of the research design can be more accurately deduced.
Second, this paper mainly focuses on the Greater Bay Area in China. The Greater Bay Area
under the ‘one country, two systems’ is different from the San Francisco Bay Area and
European Union; thus, it would be worth conducting a comparative analysis over those
different regions. Additionally, it is worthy of another try to explore science and technology
innovation by applying another indicator—publications (articles, theses)—which could
yield novel and intriguing findings.
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