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Introduction: The coupling and coordination development level (CCDL) of
science and technology innovation (STI) between universities and enterprises
is a key determinant of the effectiveness of the national STI system.

Methods: This study utilized data from universities and industrial enterprises
spanning from 2012 to 2021 to establish an indicator system for measuring
university ST ability and enterprise STl ability. The study then applied the entropy
TOPSIS method to calculate the STI scores and further analyzed them using
a coupling coordination model. Various research methods were employed
to quantify the spatiotemporal characteristics and elucidate the patterns of
evolution, with the grey relational analysis model being utilized to examine the
mutual influence at the micro-index level.

Results and discussion: The study found a significant transformation in the
collaboration between universities and enterprises in China, shifting from
extreme incoherence to highly coordinated cooperation. Secondly, the reason
for the differences is the uneven development in the four regions. Thirdly, the
CCDL of STI between universities and enterprises in each region is notably
different, but all show ¢ convergence trend. Finally, the university STI ability and
enterprise STI ability are identified as key factors in the CCDL of STl between
universities and enterprises.

science and technology innovation, coupling and coordination development
level, between universities and enterprises, regional differences, spatialtemporal
characteristics, influencing factors

01 frontiersin.org


https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org/journals/earth-science#editorial-board
https://doi.org/10.3389/feart.2025.1540117
https://crossmark.crossref.org/dialog/?doi=10.3389/feart.2025.1540117&domain=pdf&date_stamp=2025-01-29
mailto:1192635167@qq.com
mailto:1192635167@qq.com
mailto:wangqingjin2005@126.com
mailto:wangqingjin2005@126.com
https://doi.org/10.3389/feart.2025.1540117
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/feart.2025.1540117/full
https://www.frontiersin.org/articles/10.3389/feart.2025.1540117/full
https://www.frontiersin.org/articles/10.3389/feart.2025.1540117/full
https://www.frontiersin.org/articles/10.3389/feart.2025.1540117/full
https://www.frontiersin.org/articles/10.3389/feart.2025.1540117/full
https://www.frontiersin.org/articles/10.3389/feart.2025.1540117/full
https://www.frontiersin.org/articles/10.3389/feart.2025.1540117/full
https://www.frontiersin.org/articles/10.3389/feart.2025.1540117/full
https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org

Liu et al.

1 Introduction

The spatial structure of China’s economic development is
currently undergoing a period of significant transformation,
with the overall situation of coordinated development across
regions showing signs of improvement. However, it is becoming
increasingly evident that new situations and problems are
emerging, such as a noticeable differentiation in regional
economic development, an increasingly prominent polarization of
development momentum, and some regions facing considerable
challenges in their development (Chinese Academy of Science
and Technology for Development, 2023). In the critical period
of economic development transformation, STI has become the
basic idea guiding China to promote high-quality development
of productivity. Taking collaborative innovation of science and
technology as the foundation of regional coordinated development,
relying on major regional strategies, and improving the spatial layout
of regional technological innovation, it is an important guarantee for
narrowing the regional development gap, breaking the urban-rural
dual structure, and ensuring that developed and underdeveloped
regions achieve common prosperity together in China (Chen, 2024).

Given the above considerations, this study selects university
and enterprise STI ability as the research subjects, to conduct a
comprehensive investigation into the regional differences, spatial-
temporal characteristics, and dynamic progression of the CCDL of
STI between universities and enterprises at national and regional
levels. Next, this study analyzes the influencing factors of the CCDL
of STI between universities and enterprises. The ultimate goal of
this study is to provide a scientific basis for improving the CCDL
of STT between universities and enterprises in the four regions and
at the national level, which is essential to promote the coupling and
coordination development of nations and regions, optimize China’s
spatial configuration, and deepen the integration of universities and
enterprises.

2 Literature review

Universities and enterprises, as the two main bodies of the
national STI system, can directly enhance the effectiveness of
the STT system of China and the regions. This can facilitate the
achievement of STI self-reliance and self-strengthening at higher
levels, the domestic and foreign transfer of advanced technology,
the transformation and industrialization of technology, and the
optimization of China’s regional comparative advantages (Jia et al.,
2024). Due to the CCDL of STT between universities and enterprises
play a pivotal role in boosting regional STI. Numerous scholars
have conducted extensive research on this subject. Yang (2021)
proposed that the CCDL of STI between universities and enterprises
can facilitate the allocation of productive forces, thereby addressing
the challenges of regional development and promoting coordinated
development across regions. In a recent study, Jiang et al. (2024) used
a technological correlation lens to examine the progress of CCDL of
STI between universities and enterprises in China’s four regions, to
gain insight into the development and upgrading of new productive
forces, to identify a practical way forward. In light of the tenets of
evolutionary economic geography, He and Zhibin (2023) posited
that the CCDL of STI between universities and enterprises can assist
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regions in leveraging their intrinsic regional advantages to cultivate
an innovation-driven emerging industry system, thereby promoting
coordinated development across regions.

In the study targeting the CCDL of STI between universities
and enterprises, Wang and Chen (2019) discovered that the level of
CCDL of STI between universities and enterprises in most provinces
is on the rise, but there are significant regional differences, through
empirical analysis of the coupling and coordination relationship
between university STT ability and industrial enterprise STI ability
across 27 provinces in China. These problems primarily stem
from China’s vast size, different regions have certain differences
in terms of resource endowment, industrial structure, and social
and cultural background, which leads to a significant imbalance
in the distribution of science and technology innovation resource
endowments across universities and enterprises, and a low level of
connectivity (Song G et al., 2024). Secondly, STT in universities is
primarily conducted by individual teachers or teams engaged in
free-form exploration. The majority of innovations can be classified
as basic theoretical research. In contrast, enterprises are required
to undertake STT and development based on market demand. This
often involves a conflict between the pursuit of short-term solutions
by enterprises and the long-term goals of STI (Zheng S. et al., 2024).
Atthe same time, there is alack of problem-oriented awareness of the
coupled and coordinated development of STT between universities
and enterprises, which hinders the ability to focus scientific research
efforts on key aspects of key tasks and unable to align with
the requirements of significant national developmental strategies
(Guo, 2023). Furthermore, an issue of misaligned functions and
positioning between universities and enterprises, and there is a
discernible upward trend (Yun et al., 2023). In addition to the lack of
adequate intellectual property protection and sharing mechanisms,
there is a lack of willingness to collaborate on STI research between
universities and enterprises. This is particularly evident in the
sharing, mobility and exchange of various types of large-scale
scientific research instruments and equipment, scientific equipment,
scientific data, and talents (Han and Zhe, 2023). The existence
of these problems has failed to establish the requisite ideological
consensus in the practical operation of the CCDL of STI between
universities and enterprises. Furthermore, there is a certain degree
of confusion in practice, which has made it challenging to form
the necessary strategic synergy, thereby impeding the CCDL of STI
between universities and enterprises and reducing the efficiency of
technological innovation (Li, 2022).

In conclusion, the extant literature has primarily investigated
the coupling and coordination relationship and micro-coupling
mechanism of university STT ability and enterprise STI ability at the
national or regional levels through empirical research or theoretical
analysis. However, there is a lack of quantitative analysis on
the regional differences, spatial-temporal characteristics, dynamic
evolution, and coupling factors of the CCDL of STI between
universities and enterprises. In light of the above considerations,
this study focuses on the CCDL of STI between universities
and enterprises in China. Firstly, the study uses the Dagum
Gini coefficient and its decomposition method, the kernel density
estimation method and the coefficient of variation to examine the
regional differences, spatial-temporal characteristics, and dynamic
development in China and the four regions. Second, this study
explores the role of micro indicators in understanding the dynamics
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TABLE 1 Measurement index of university ST ability.

Primary indicators

10.3389/feart.2025.1540117

Secondary indicators Characteristics of

Scientific awards

indicators
Number of universities +
Technology workforce Universities Teaching and research staff +
R&D and development personnel +
Technology funding Expenditure resources +
Technology funding R&D Application and Technology Annual expenditure funds +
Services Funding
Number of National Natural Science +
Award
Number of National Technology +

Invention Award

Number of National Science and +
Technology Progress Award

Technological achievements and Number of State Council Department +
technology transfer Science and Technology Progress
Award
L . Number of published technology books +
Scientific and technological
achievements
Number of academic papers published +
Number of patent authorizations +
Technology transfer
Contract quantity +

of the CCDL of STI between universities and enterprises. As a result,
the following hypotheses are clarified.

Hypothesis 1: The CCDL of STI between universities and
enterprises in China and the four regions shows an upward trend.

Hypothesis 2: The university STI ability and enterprise STI ability
are key factors affecting the CCDL of STI between universities and
enterprises.

3 Materials and methods

This study refers to the research method and statistical indicator
selection scheme of Yu et al. (2024) and presents a version of the
measurement index of university STI ability and enterprise STI
ability (Tables 1, 2).

Table 1 measures the university STI ability. The technology
workforce represents the human capital input of universities,
the technology funding represents the capital factor input of
universities, and the technological achievements and technology
transfer represent the STT output of high-level research universities.

Table 2 measures the enterprise STI ability. The technology
workforce assessment of the human capital input of enterprises,
the technology funding evaluation of the capital factor input of
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enterprises. The technological achievements and technology transfer
measure the enterprises’ new product development and production
as well as technological innovation such as technology acquisition
and technological transformation.

In this study, the university STT ability and enterprise STT ability
are taken as the subjects of study. Drawing on the research results
of Ma and Ma (2024) and Cheng et al. (2024), the study selects
universities published by the Ministry of Education, which have
perfect information disclosure, and industrial enterprises above the
designated size of China Science and Technology Statistical Yearbook
as statistical objects. EPS China data are used to compile data
on STI indicators for universities and enterprises from 2012 to
2021. The data required in Table 1 are selected from the China
Education Database-Annual on the EPS C. data; and the data
required in Table 2 are selected from the China High-Tech Industry
Database-Annual on the EPS C. data. In the case of incomplete data
for individual provinces, the data have been processed using the
average growth rate or the average value. In addition, the raw data
are processed in a dimensionless manner in order to eliminate the
effects of differences in size and shape between the indicators.

In this study, the entropy method can combine the uncertainty
between the indicators to calculate the weight of each indicator,
which makes the evaluation results more reliable and accurate; and
the TOPSIS method can consider the scores of each indicator, which
makes the results more comprehensive and objective (Li H et al.,
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TABLE 2 Measurement index of enterprise STI ability.

Primary indicators

10.3389/feart.2025.1540117

Secondary indicators Characteristics of

indicators
Number of enterprises with R&D +
Large and medium-sized high-tech P
enterprises
P Number of R&D personnel +
Technology workforce . .
Number of enterprises with R&D +
institutions
Enterprises R and D institutions
Number of R&D institutions +
R&D institutions expenditure +
Technology funding R&D spending R&D internal spending +
R&D external expenditure +
Number of patent applications +
Number of patents
Number of patents owned +
Expenditure on funds for technological +
transformation
Technological achievements and
technology transfer Expenditure on technology +
. introduction
Technology Acquisition and Retrofit
Expenditure on technology digestion +
Expenditure on domestic technology +
purchases

2024). Therefore, this study uses the entropy TOPSIS method to
measure the STI ability of universities and enterprises. Drawing
on the approach of Yu et al. (2024), the coupling coordination
model used calculates the CCDL of STI between universities and
enterprises and applies the grey relational analysis model to examine
the influence of university STT ability and enterprise STI ability on
the CCDL of STI between universities and enterprises. The division
of regions according to the national economic zones published by
the National Bureau of Statistics (Table 3 for the specific division).
The Dagum Gini coefficient and its decomposition were used to
analyze intra-regional differences, inter-regional differences, and the
contribution Rate of regional differences in each region (Hu C and
Ma X, 2023). This study further uses the kernel density estimation
method to describe the overall shape and dynamic evolution of
the CCDL of STI between universities and enterprises, including
the distribution location, peak distribution, distribution ductility,
and polarization trend (Zhang X. et al., 2023). To more accurately
examine the evolution trajectory and trend characteristics of the
differences in CCDL of STI between universities and enterprises, a
convergence model is adopted to test the convergence of CCDL of
STI between universities and enterprises (Zhang W. et al., 2023).

4 Empirical analysis

The entropy TOPSIS method is applied to measure the CCDL
of STT between universities and enterprises from 2012 to 2021.
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Based on the calculation results, the time sequence variation chart
in the level of university STI ability and enterprise STI ability
was plotted (Figure 1), to provide a more intuitive response to the
trend of changes in the two.

Figure 1 illustrates that the level of university STI ability and
enterprise STI ability in China are undergoing a continuous and
analogous process of improvement. This indicates that there is a
coupling and coordination relationship between the university STI
and enterprise STI.

Using the coupling coordination model, the coupling and
coordination time sequence of university STI ability and enterprise
STI ability was calculated (Table 4).

According to Table 4, the C-value of coupling degree decreases
and then increases during the period 2012-2021, and the T-value
of coordination degree and the D-value of coupling coordination
degree show an increasing trend. In 2012, although the C-value of
the coupling degree was 1, the T-value of the coordination degree
was only 0.01, the D-value of the coupling coordination degree was
only 0.1, and the coupling coordination state was Extreme non-
coordination. This phenomenon shows that although there was a
strong interaction between university STI ability and enterprise
STT ability in 2012, the university STT ability and enterprise STI
ability were relatively independent, with very low consistency and
effectiveness, and means that the universities and enterprises were
in a “fight the enemy separately” in STT activities. There was a lack of
effective communication and cooperation between them, forming a
low-level strong coupling state.
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TABLE 3 Regional division in China.

Region Province
Eastern region Beijing, Tianjin, Hebei, Shandong, Jiangsu, Shanghai, Zhejiang, Fujian, Guangdong, Hainan
Central region Shanxi, Henan, Anhui, Hubei, Hunan, Jiangxi
Western Region Inner Mongolia, Shaanxi, Xinjiang, Xizang, Qinghai, Gansu, Ningxia, Chongging, Sichuan, Yunnan, Guizhou, Guangxi
Northeast region Liaoning, Jilin, Heilongjiang
the Level of STI in Universities the Level of STI in Enterprises
1 1
0.8 0.8
0.6 0.6
0.4 0.4
0.2 0.2
0
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Year Year
FIGURE 1
Time sequence variation chart of university STI ability and Enterprise STI ability.

TABLE 4 Time sequence of CCDL of STI between universities and enterprises.

C-value of coupling T-value of D-value of coupling Coupling

degree coordination degree coordination degree coordination state
2012 1 0.01 0.1 Extreme non-coordination
2013 0.986 0.044 0.208 Moderate non-coordination
2014 0.828 0.062 0.227 Moderate non-coordination
2015 0.948 0.108 0.32 Mild non-coordination
2016 0.987 0.234 0.481 Near non-coordination
2017 0.999 0.321 0.566 Near coordination
2018 0.992 0.545 0.735 Intermediate coordination
2019 0.998 0.733 0.855 Good coordination
2020 0.998 0.85 0.921 Excellent coordination
2021 1 0.99 0.995 Excellent coordination

In 2014, the C-value of coupling degree reached its lowest  and cooperation abilities had shown signs of improvement. The data
point. However, both the T-value of coordination degree and the  suggest that the CCDL of STI between universities and enterprises
D-value of coupling coordination degree showed an increase. This  is gradually converging towards a state of cooperation, marking a
suggests that the CCDL of STI between universities and enterprises  significant shift from non-coordination to coordination in 2016.
had entered a period of adjustment. Although the intensity of the ~ In 2021, the C-value of coupling degree was 1, and the T-value
interaction in STT activities had decreased, but the communication  of coordination degree and the D-value of coupling coordination
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FIGURE 2
Intra-regional differences across China and in the four regions.

degree were both close to the maximum value of 1, reaching 0.99 and
0.995 respectively. This suggests that after a decade of development,
the level of coupling and coordination of STT between universities
and enterprises in China has reached a high level of integration.
The relationship between universities and enterprises in STT has not
only demonstrated robust interaction but also reached a state of
high-quality coordinated development. The positive interaction and
unified development of universities and enterprises in STT have been
gradually realized.

5 Spatial-temporal characteristics and
source of CCDL of STl between
universities and enterprises in China

5.1 Intra-regional differences of the CCDL
of STl between universities and enterprises

The Dagum Gini coefficient was used to calculate the degree
of intra-regional differences in the CCDL of STI between
universities and enterprises across the nation and in the four
major regions (Figure 2).

Nationwide, it can be seen that the overall Gini coefficient of
the CCDL of STI between universities and enterprises in China
shows a decreasing trend in the sample observation period, which
indicates that the uncoordinated and unbalanced phenomenon of
the CCDL of STI between universities and enterprises in China
and four regions is continuously weakening. It proves that since the
18th National Congress of the CPC, under the guidance of the new
development philosophy, China has improved the overall CCDL of
STI between universities and enterprises across China and reducing
the differences between regions (Ning et al., 2023).

In terms of regional comparison, the Gini coeflicients of
the four regions all show a decreasing trend, and the average
values of the Gini coeflicients within the four regions during the
sample observation period (0.154, 0.199, 0.1616, and 0.1963 for
the Northeast, East, Central, and West regions, respectively) are all
lower than the overall Gini coefficient for the whole country (0.210),
indicating that the intra-regional differences are not the main source
of the differences. The overall differences in the CCDL of STI
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between universities and enterprises are mainly due to inter-regional
differences.

Specifically, the Gini coefficient in the Northeast region was
the lowest in the country in 2012, at 0.279, with a clear downward
trend between 2012 and 2014, after which it became a fluctuating
upward trend, reaching a maximum of 0.261 in 2018 and then falling
sharplyin 2019, with an average of 0.154 over the sample observation
period, the lowest in the country. Since the Strategy of Revitalizing
Northeast China achieved phased results from 2003 to 2013, the Gini
coefficient showed a downward trend in the early stage. However,
in 2014, due to the deep-rooted structural problems formed over a
long period of time, the demographic dividend of the northeastern
region gradually declined (Sun Y et al., 2023), and with the gradual
depletion of resources and the decline of the power of state-owned
enterprises (Wangand Chen, 2024), resulting in obvious fluctuations
in the Gini coefficient.

The intra-regional difference of the Eastern region shows a clear
three-stage development trend: a high Gini coefficient of 0.334 in
2012, which is only lower than that of the central region (0.373),
followed by a clear downward trend after 2014, a stable period
from 2015 to 2019, and a further decline after 2019. In 2012, the
intra-regional difference in the eastern region was only lower than
that in the central region, which was 0.373. The reason for this
is that although there are more top universities and enterprises in
the eastern region, they tend to be spatially concentrated in core
cities such as Beijing, Shanghai, and Guangzhou, and the feature of
regional aggregation effect is more obvious (Xie and Shang, 2024).

The Central region’s Gini coefficient was the highest in the
country in 2012 and then showed a clear downward trend, with
only a small increase between 2016 and 2017, falling to 0.036 in
2021, the lowest in the country. This indicates that the CCDL
of STI is more effective between provinces within the central
region. The main reason for this is the uneven distribution of
resources between universities and enterprises in the central region
in 2012, with top universities and enterprises concentrated in
Anhui, Hubei and Hunan provinces. However, after 2016, based
on Shanxis energy advantages, Henan’s agricultural advantages,
and Jiangxi’s industrial and location advantages, local universities
have received more resource inputs and have fostered a number
of advanced manufacturing industries and strategic emerging
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FIGURE 3
Inter-regional differences between the four regions.

industries, contributing to a rapid decline in the differences of the
CCDL of STI within the central region.

In 2012, the intra-regional difference was small (0.303) and
only slightly higher than in the Northeast region (0.279), due to
the small number of high-level universities and enterprises in the
Western region. Although there was a significant downward trend
after 2015, the Gini coefficient of 0.196 in 2021 was the highest
among the four regions and even slightly higher than the national
level, indicating that the intra-regional difference was still large.
The reasons for this are: on the one hand, the full implementation
of the National Basic Ability Construction Project of Western and
Central after 2013, which have comprehensively upgraded the
capacity of education and scientific and technological innovation
in the western regions. On the other hand, the construction of
the Belt and Road and the Development of The Western Region
have promoted the transformation of the western region into an
outward-oriented economy and fostered a large number of strategic
emerging industries with regional characteristics. However, as the
development of the western region is mainly concentrated in a few
provinces such as Chongqing, Sichuan, and Shaanxi, the problem of
uncoordinated and unbalanced development in the western region
still exists.

5.2 Inter-regional differences of the CCDL
of STl between universities and enterprises

The Dagum Gini coeflicient was used to measure the inter-
regional differences of in the CCDL of STI between universities and
enterprises among the four regions (Figure 3).

From Figure 3 it can be seen that the inter-regional differences
in the CCDL of STI between universities and enterprises among
the four regions generally show a decreasing trend over the sample
period, but they are manifested in two decreasing patterns.

Among these, the inter-regional differences between the
northeast and the other three regions exhibit significant volatility
characteristics, while the eastern and western, eastern and central,
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and central and western regions are mainly characterized by a slow
downward trend over the sample period. In terms of the numerical
level of inter-regional differences, the average of Gini coefficient in
the central and eastern region is the lowest (0.203) in the whole
sample, the average Gini coeflicient in the central and western region
is 0.211, and the eastern and western region is larger at 0.227, which
is on a par with the average of the Northeast and central region,
and is higher than that in the northeast and western region, which
has the highest average of 0.225, and that in the northeast and
eastern region, which has the highest average of 0.248. The largest
value of the difference between the four regions comes from the
comparison between the eastern region and the northeast region,
followed by the western and eastern region and the northeast and
central region. The results show that the CCDL of STI between
universities and enterprises is comparatively low in the northeast
and western regions. This is generally consistent with the spatial
distribution of Chinas top universities and strategic technology
enterprises. This alignment suggests that the balanced allocation of
regional technological resources significantly influences the CCDL
of STI between universities and enterprises (Wu, 2024). From
the time-varying trend of inter-regional differences, the degree of
differences between the northeast and eastern, northeast and central,
and northeast and western regions decreased by 67.85%, 72.77%,
and 69.11%, respectively, which was lower than that among the
other three regions. In contrast, the difference between the central
and eastern regions decreased by 84.97%, the largest decrease in
the country. This once again shows that the CCDL of STI between
universities and enterprises in the Northeast and Western regions
temporarily lags behind the Eastern and Central regions.

5.3 The contribution rate of regional
differences in CCDL of STl between
universities and enterprises

Figure 4 describes the source and contribution rate of the gap in
the CCDL of STI between universities and enterprises in China. As
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FIGURE 4

The intra-regional differences, Inter-regional differences and intensity of transvariation to the contribution rate of overall differences of CCDL of STI

between universities and enterprises.

can be seen from Figure 4, the characteristics in the change curve of
the inter-regional variation and the intensity of transvariation were
roughly symmetrically distributed and had significant fluctuation
during the sample period, while the intra-regional variation shows
relative stability.

In terms of the specific evolution process, the contribution of
the intra-regional Gini coefficient of the CCDL of STI between
universities and enterprises to the overall difference is 27.25%
in 2012 and 26.90% in 2021, which was almost unchanged over
the sample period, and the average contribution over the sample
period is 27.43%. It further showed that the overall difference
in the CCDL of STI between universities and enterprises mainly
comes from the inter-regional differences, which is consistent
with the previous conclusion. The contribution rate of the inter-
regional differences to the total difference shows obvious fluctuation
characteristics, from 33.70% at the beginning of the sample period
to 46.51% in 2016, then rapidly decreasing to 20.35% in 2017
and then fluctuating to 42.56% in 2021. The average contribution
rate over the sample period is 33.30%. The contribution rate of
intensity of transvariation to the overall difference was the highest
in most years, which is only less than that among regions in
2014 and 2016. The average contribution rate during the sample
period is 39.27%.

But comprehensively, the differences between the three are not
overwhelming, showing there was still a more obvious unbalanced
and insufficient development among the four regions and within
each region. The pairing support from the eastern region to other
regions has significantly improved the CCDL of STI between
universities and enterprises in other regions. However, the pairing
support was mainly concentrated in a few key provinces in
other regions, which instead increases the intra-regional Gini
coefficient and further exacerbates inequality in the overlapping
parts of the region, making the overall Gini coefficient rise rather
than fall. Therefore, in addition to reducing the unbalanced and
insufficient development between regions, the key work to reduce
the differences in the CCDL of STI between universities and
enterprises in the future must also focus on the intra-regional
differences.
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5.4 Time dynamic evolution of the CCDL of
STl between universities and enterprises in
four regions

This study used the kernel density estimation method to portray
the time dynamic evolution characteristics of the differentiation of
the CCDL of STI between universities and enterprises in the four
regions. To better represent the change characteristics in the four
regions, 2012, 2015, 2018, and 2021 were selected as key nodes for
display, as shown in Figure 5.

According to Figure 5, from the direction of change of the main
peak of the kernel density curve, the center position of the main
peaks of the four regions shows a trend of gradual shifts to the right,
indicating that the performance of China’s CCDL of STT between
universities and enterprises shows a positive development trend.

The analysis of the kernel density curve’s main peaks shows
a significant increase in peak value and a narrowing width. This
indicates a decreasing difference in the CCDL of STI between
universities and enterprises in the four regions. The main peak in
the northeast region exhibits a “left-right” shift trend, suggesting a
decrease in the CCDL of STI between universities and enterprises
followed by a rapid increase after 2018. In the eastern region,
the kernel density curve has transitioned from single peaks to
multi-modal peaks, indicating a multi-polarization phenomenon.
Moreover, there was a significant right-tailing phenomenon in the
eastern and central regions in 2012, which disappeared in 2021,
suggesting improved development in provinces with lower levels
of CCDL of STI between universities and enterprises. Conversely,
the western region showed a left-tailing phenomenon in 2021,
indicating widening gaps with the average level in the region and
implying a “the best are better” effect.

5.5 Convergence analysis of CCDL of STI
between universities and enterprises

To more accurately examine the development path and
trend characteristics of the CCDL of STI between universities
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and enterprises, a convergence model is adopted to test the
convergence of CCDL of STI between universities and enterprises
in China and four regions. Specifically, o convergence to further
comprehensively reveal the convergence feature. The results
are shown in Figure 6.
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Figure 6 shows the o convergence results of the CCDL of STI
between universities and enterprises in China and four regions.
From a national perspective, the convergence coefficient of the
CCDL of STT between universities and enterprises showed a slow
downward trend, indicating the presence of a 6 convergence feature.
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It can be observed that the convergence characteristics of the
CCDL of STI between universities and enterprises in China, as
well as in the four regions, have obvious similarities with the
evolution pattern of Dagum Gini coeflicient. This indicated that
the convergence coefficient of both China and the four regions has
significant convergence characteristics, suggesting that the CCDL
of STI between universities and enterprises in China and the four
regions gradually converges to synergistic development.

6 Grey relational analysis

Grey relational analysis model is a system science theory and is
one of the important achievements in the field of uncertainty system
research. In the grey relational analysis model, levels of relations
between main factors and sub-factors are analyzed to determine
primary and secondary factors resulting in the development of the
system. This study adopts a grey relational analysis model to analyze
more deeply the mechanism of the influencing factors of STI of
universities and the influencing factors of STI of enterprises on
the CCDL of STI between universities and enterprises from the
micro level.

Using the national CCDL of STI between universities
and enterprises as the reference sequence and the university
STI ability indicators and enterprise STI ability indicators as
the comparability sequences, the data were processed with
homogenized dimensionless and grey relational analysis. Table 5
shows the grey relation coefficients between different indicators
of STI in universities and enterprises and the national CCDL of
STI between universities and enterprises from 2012 to 2021. The
classification of grey correlation coefficients is as follows: 0.8-1
indicates that there is a strong correlation, 0.6-0.8 indicates there is
a general correlation, 0-0.6 indicates there is a weak correlation.

Table 5 shows that from the perspective of universities, R&D
achievements and the number of R&D personnel have the greatest
impact on the national CCDL of STI between universities and
enterprises. R&D books and academic papers, as important
manifestations of university research results, have an important
impact on the CCDL of STI between universities and enterprises. At
the same time, the number of teaching and research, R&D personnel
have a direct relationship with the quantity and quality of university
R&D achievements, so it also has a strong correlation with the
CCDL of STI between universities and enterprises. In addition, the
National Natural Science Award, National Technology Invention
Award, and National Science and Technology Progress Award can
be strong proof of the scientific research ability and technology
application and transformation ability of universities. This shows
that R&D achievements and research talents, as important indicators
to measure the STT ability of universities, have a significant impact
on the CCDL of STI between universities and enterprises. Higher
STI ability can help universities attract more STI resource support,
and help universities cooperate with enterprises.

For enterprises, the R&D capability as well as the ability to
import, digest, and absorb technology are key factors. The STI
talents of enterprises represent the R&D strength of enterprises and
the degree of emphasis on R&D. On the other hand, through the
introduction and digestion of technology, it can help enterprises

Frontiers in Earth Science

10

10.3389/feart.2025.1540117

to establish good cooperation with universities, to reduce the
R&D investment of enterprises in basic theories, and allocate
more resources to specialized and sophisticated technology research
and development, transformation of scientific and technological
achievements and industrialization. At the same time, more
enterprises through the establishment of R&D institutions and STI
activities, can better attract university R&D researchers to join the
enterprise, which is conducive to the exchange of STT achievements
between the university and enterprises, thus improving the CCDL
of STI between universities and enterprises.

In conclusion, the key factor influencing the CCDL of STI
between universities and enterprises is the STI ability of universities
and enterprises and the degree of attention paid to R&D innovation.
By improving STT ability and conducting basic research, universities
can produce more high-quality STT results, which can not only
provide enterprises with STT talents but also attract more R&D
resources. By introducing STI talents and increasing capital
investment in technology introduction and digestion, enterprises
can not only improve the STI ability, but also ensure that the
achievements of STI in universities can be transformed into
stable market income, and provide stable capital investment for
universities.

Taking the STI indicators of universities as the reference
sequence, the index data of STI enterprises as the comparability
sequences, and the STT indicators of enterprises as the reference
sequence and the index data of STT universities as the comparability
sequences, the grey relational analysis model is used to analyze
the influence factors between the universities and enterprises on
each other’s active participation in the coupling and coordination
development of STI. The results are shown in Table 6.

From Table 6, it can be seen that, from the perspective of
universities, among the indicators of enterprises that influence the
CCDL of STI between universities and enterprises, the inputs and
scales of enterprise STI are ranked high, and most of the inputs for
purchasing or introducing technologies are ranked low. Therefore,
it showed that for universities, the willingness of enterprises to
invest in STT and the R&D environment were the key factors that
attract universities to engage in STI coupling and coordination with
enterprises. To attract universities to engage in STI coupling and
coordination, enterprises need to demonstrate a strong willingness
and ability to engage in STI. This is essential to provide university
researchers with a favorable environment for STI and to ensure a
consistent market demand for university scientific research results.
In this way, university R&D achievements can be successfully
industrialized and commercialized.

From the perspective of enterprises, universities disclose their
patents and take the initiative to seek cooperation to better promote
the participation of enterprises in STI coupling and coordination,
followed by the university STI ability. The STI of enterprises
largely benefits from the application of R&D achievements
and scientific and technological services of universities and
other research institutions and the transformation of their R&D
achievements (Yin et al., 2024). Therefore, universities are willing
to disclose and authorize their patents and R&D achievements to
enterprises, showing their willingness to cooperate, which has an
important impact on the CCDL of STI between universities and
enterprises. Universities should take the initiative to carry out the
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TABLE 5 The grey correlation coefficients of universities and enterprises.

10.3389/feart.2025.1540117

University Enterprise
Indicator Coefficients Indicator Coefficients

Number of published technology books 0.9085 Number of R&D personnel 0.8262
Number of academic papers published 0.8388 Expenditure on technology introduction 0.7839
Teaching and research staff 0.8380 Expenditure on technology digestion 0.7604
R&D and development personnel 0.7929 Number of R&D institutions 0.7408
Number of National Natural Science Award 0.7603 R&D internal spending 0.7317
Number of National Technology Invention Award 0.7496 Number of enterprises with R&D 0.7281
Number of National Science and Technology Progress Award 0.7484 Expenditure on funds for technological transformation 0.7118
Number of universities 0.7320 Number of enterprises with R&D institutions 0.7116
Annual expenditure funds 0.7229 number of patent applications 0.6914
Number of State Council Department Science and 0.7093 Number of patents owned 0.6427
Technology Progress Award

Contract quantity 0.7046 R&D institutions expenditure 0.6362
Expenditure resources 0.6701 R&D external expenditure 0.5898
Number of patent authorizations 0.6322 Expenditure on domestic technology purchases 0.4934

TABLE 6 The grey correlation coefficients of universities and enterprises on each other.

universities as the reference sequence ‘

enterprises as the reference sequence

Indicator Coefficients ‘ Indicator Coefficients
R&D institutions expenditure 0.8925 Number of patent authorizations 0.8011
numberof patent applications 0.8614 Expenditure resources 0.7551
Number of enterprises with R&D institutions 0.8180 Contract quantity 0.7350
R&D internal spending 0.8179 Annual expenditure funds 0.7236
Number of R&D institutions 0.8117 Number of universities 0.7075
Number of enterprises with R&D institutions 0.8088 Teaching and research staff 0.6995
Expenditure on funds for technological transformation 0.7976 R&D and development personnel 0.6755
Number of R&D personnel 0.7579 Number of academic papers published 0.6744
Expenditure on technology introduction 0.7199 Number of published technology books 0.6482
R&D external expenditure 0.6824 R&D personnel 0.6194
Expenditure on technology digestion 0.6628 Number of National Natural Science Award 0.6115
Number of patents owned 0.6426 Number of National Technology Invention Award 0.5970
Expenditure on domestic technology purchases 0.5170 Number of State Council Department Science and 0.5802
Technology Progress Award
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coupling and coordinated development with enterprises and take
the initiative to industrialize the R&D achievements.

7 Conclusion and policy
recommendations

7.1 Discussion

The present study used a coupling coordination degree model
to evaluate the CCDL of STI between universities and enterprises,
used the Dagum Gini coefficient to calculate the spatial-temporal
characteristics, used the kernel density estimation method to
calculate dynamic evolution characteristics, and used the grey
relational analysis model to explore deeply the influencing factors.

From the results of the study, the national CCDL of STI between
universities and enterprises is gradually improving, reflecting the
obvious results of the coordinated regional development strategy
(Chen et al., 2025), the CCDL of STI between universities and
enterprises in the four regions has been improved, Hypothesis 1
has been proved. Meanwhile, from the spatial distribution situation,
it can be found that the CCDL of STI between universities
and enterprises is higher in the regions with better economic
development, and the regions with weaker economic development
show a more obvious polarization phenomenon, which is consistent
with the results of related studies (Tan and Yuxuan, 2024). This study
reveals that the Northeast and Western regions play a crucial role
in the national CCDL of STI between universities and enterprises.
Specifically, the development of the Northeast region is heavily
influenced by policy, whereas the Western region faces greater
constraints due to its environment and geographical location. The
government needs to implement proactive macroeconomic policies
to narrow the gap between the four regions, while the core provinces
in the region should use spillover effects and other means to
establish cooperation mechanisms to jointly address development
challenges, share experiences, and resources, and prevent excessive
polarization that may hinder coordinated regional development
(Wang et al., 2023; Luo X et al., 2023).

Regarding the various types of factors affecting the CCDL of
STI between universities and enterprises in China, a large amount
of literature has explored the influencing factors from multiple
perspectives, with most of the results focusing on the fact that
universities and enterprises should collaborate to improve the
quality of human capital, promote integration of industry and
education (Liu et al., 2024). On the university side, it is imperative to
reinforce the development of advantageous disciplines and enhance
independent ST ability to establish a solid foundation for the CCDL
of STT between universities and enterprises (Shen et al., 2023). From
the enterprise’s perspective, possessing independent STT ability has a
positive moderating effect on the CCDL of STI between universities
and enterprises (Liang et al, 2023). These findings align with
the conclusions of this study, thereby substantiating Hypothesis 2.
Simultaneously, this study further discovered that the willingness
of universities to publicize their STT accomplishments and the
willingness of enterprises to invest in STT are the crucial elements
that additionally impact the CCDL of STI collaboration between
universities and enterprises. Therefore, both parties must establish
a strong communication mechanism.
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7.2 Conclusions of the study

The study results showed that, first, the CCDL of STI between
universities and enterprises has gradually overcome the low-level
mutual influence and achieved the consistency and effectiveness
of STI between universities and enterprises, from extreme non-
coordination development to an excellent coordination state.
Second, from the point of view of regional differences, the difference
in the CCDL of STT between universities and enterprises is mainly
due to the unbalanced and uncoordinated problem of inter-regional
differences, but the intra-regional difference still exists. Third,
from the perspective of dynamic development, the CCDL of STI
between universities and enterprises in China and all regions shows
an upward trend, but there are large differences in the specific
performance of each region. Fourth, the CCDL of STI between
universities and enterprises in China and four regions demonstrates
o convergence, and its convergence characteristics bear obvious
similarities to the evolution of Dagum Gini coefficient. Fifth, the
university STI ability and enterprise STT ability are key factors to
enhancing the CCDL of STI between universities and enterprises.

7.3 Policy recommendations

Based on the research findings of this study, the following policy
implications are drawn: Firstly, at the national level, the primary
objective is to minimize inter-regional differences. In the Northeast
and West regions, there is a pressing need to enhance the overall
STI capacity of the area. Additionally, in the eastern region, the
emphasis is on mitigating intra-regional differences and fostering
a more balanced development. Second, for universities, in addition
to continuously strengthening their own STI capacity, they also
need to focus on the transformation of R&D achievements. Through
the establishment of a platform for sharing R&D achievements
between universities and enterprises, it has promoted the initiative
of R&D teams to stay in enterprises to carry out the application of
R&D achievements joint research and development activities, and
so on. Third, for enterprises, their own scientific and technological
innovation willingness and ability to attract universities to take
the initiative to carry out the STI coupling and coordination
development key factors. Enterprises must continue to strengthen
the intensity of scientific and technological funding, strengthen the
sharing of benefits with universities, and be market-driven by the
improvement of the STI ability of universities.

7.4 Research limitations and
recommendations for future research

The limitation of this study lies in ignoring the heterogeneity
of provinces within each region, and the division of the four
regions may be insufficient. In subsequent studies, it is necessary
to fully consider the characteristics of intra-regional heterogeneity
to make a more scientific regional division. In addition, the
emergence of digital technology and artificial intelligence will be
key factors affecting the CCDL of STI between universities and
enterprises, which may influence and cross-talk with each other
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(Lai S et al.,, 2024). Therefore, it is necessary to incorporate the
impact of new technologies into the follow-up research to analyze
the coupled and coordinated development mechanism of both sides
more deeply.
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