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Only through successful transformation and application in industries, technology achievements in universities can promote
economic and social development. Meanwhile, technological progress in high-tech industries depends in part on universities’
technology achievements. Coupling coordination between technology transfer in universities (TTU) and high-tech industries
development (HTID) is of great significance to the sustainable development of the regional sci-tech innovation system. In this
paper, the coupling mechanism of TTU and HTID is analyzed and comprehensive evaluation index systems are established by
using the evaluation indicator to screen and assign weights based on information contribution rate. )e coupling coordination
index (CCI) and productivity index (PI) are introduced to derive the spatiotemporal characteristics of the coupling and co-
ordination of TTU and HTID from 2010 to 2019 in China and analyze its influence factors by System-Generalized Method of
Moments (SYS-GMM).)e results show the following: (1) the overall national TTU-HTIDCCI shows a gradual upward trend and
large regional differences; (2) CCI of most provinces is increasing, but the differences are widening; (3) the national TTU PI is in a
state of volatility and decline, but the ability of TTU is still much higher than the level of HTID; (4) technological innovation in
high-tech industries, high-tech industry technology absorption capacity, high-tech industry development level, industry-uni-
versity cooperation, and technological finance development have significant roles in promoting the coupling coordination of
TTU-HTID. Meanwhile, the sci-tech innovation level in universities, technology transferability in universities, government
support, development of sci-tech intermediary, and development of other research institutions have no significant impact.

1. Introduction

Both universities and industries are the key actors of the
innovation system of any country, contributing to knowl-
edge production and transformation [1]. Collaborations
between companies and universities are critical drivers of the
innovation economy [2]. Guiding the integration of the
industrial chain and innovation chain is the key to pro-
moting industries to take a leading position in the global
value chain and form a core and sustainable competitiveness.
Compared with low- and medium-tech industries, high-tech
industries (HTI) are mainly characterized by knowledge and
technology intensity and marked by technological innova-
tion [3]. Some studies show that 40% of the companies were
attached to universities or research institutions [4].

Meanwhile, universities are the birthplace of advanced
scientific knowledge and the important incubators of cut-
ting-edge sci-tech [5].

According to statistics from “China Universities’ Science
and Technology Statistical Data Collection 2019” (statistics
for 2018) by Ministry of Education of the People’s Republic
of China and “China Intellectual Property Statistical Year-
book 2018” by China National Intellectual Property Ad-
ministration, the number of patents applied by Chinese
universities in 2018 reached 310,276 and increased 72.5%
year-on-year, and invention patents accounted for 61.5% of
the three types of patents, which was much higher than the
domestic average of 14.8%. However, statistics from “China
Intellectual Property Survey Report 2018” by China National
Intellectual Property Administration show that the effective
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patent implementation rate of Chinese universities in 2018 is
15.1%, far below the national average of 52.6%. Furthermore,
the effective patent industrialization rate of universities is
only 3.6%, which is much lower than the national average of
36.3%. Although sci-tech innovation capacity in Chinese
universities has been greatly improved, the transfer rate is
still low, and the proportion of achievements transformed
into industrial development is lower.

Universities play an important role as a source of fun-
damental knowledge and, occasionally, industrially relevant
technology in modern knowledge-based economies [6]. But
only through successful transformation and application in
industries, technology achievements in universities can
promote economic and social development. )us, univer-
sity-industry collaboration (UIC) has emerged as a sus-
tainable enabling solution for technology transfer and a
booster for new inventions [7, 8].

In order to improve the efficiency of TTU, the United
States formulated the Bayh-Dole Act in 1980, which
entrusted the ownership of the achievements generated by
financial support to universities, encouraged universities
and scientists to transfer their achievements independently,
and solved the rule predicament [9, 10]. It has not only
greatly promoted the number of patent applications in
universities of the United States [11] but also transferred
patent achievements in large numbers and become an im-
portant driving force for the development of HTI and the
revitalization of regional economy [12]. )e benefits from
university-industry collaborations for businesses and uni-
versities are reciprocal [13]. It not only reduces the cost of
internal R&D in enterprises [14] but also provides economic
support and an industrial platform for the R&D develop-
ment of universities [15, 16]. Stanford and Berkeley’s pro-
motion of the development of Silicon Valley is the best
example of the coupling development of TTU and HTI [17],
which has been imitated by many countries and regions [18].
To solve the key technical problems in the high-tech in-
dustries development (HTID) and strengthen the con-
struction of regional technological innovation system,
enterprises, universities, governments, and other parties
participate in the establishment of a collaborative innovation
platform with the triple or quadruple helix structure [19, 20].
All the platforms accelerate the integration process of the
industry chain and innovation chain and strengthen the
coupling coordination between technology transfer in
university (TTU) and HTID, which can reinforce regional
technological innovation driving development, promote the
progress of the core and key technology, and advance na-
tional innovation system.

However, in China, the contradiction of unbalanced
development inadequate performance is more obvious in the
field of technology and industry. )ere is a bigger difference
among the different areas in the energy of TTU, the scale of
the technology market, and the level of HTID, which led to
unbalanced and insufficient coupling coordination between
TTU and HTID. )is paper studies the level of coupling
coordination in different regions and provinces in the past
ten years. It also compares the development level of TTU and
HTID across the country, which can supplement the level of

coupling and coordination. Finally, it also studies the factors
that affect the level of coupling and coordination. We not
only established the TTU-HTID Coupling System and
comprehensive evaluation index systems based on infor-
mation contribution rate analyzing the spatiotemporal
characteristics of the coupling and coordination of TTU and
HTID from 2010 to 2019 but also estimated the influencing
factors of coupling and coordination by SYS-GMM.

)e rest of this article is organized as follows. Section 2
discusses related supporting literature. Section 3 designs the
calculation model. Section 4 carries out a numerical analysis.
Section 5 summarizes the full text.

2. Literature Review

2.1. TTU. Technology transfer, also called technology
commercialization [21], is the process of transferring sci-
tech achievements into marketable products and services
[22, 23]. Research on TTU mainly focuses on mechanism
model [24], performance evaluation [25], influencing factors
[26], value assessment [27], and UIC [28]. Derrick discov-
ered that the flexibility of policies to meet the needs of
researchers and open and transparent rewards oriented to
the collective are crucial to the transformation of scientific
and technological achievements [29]. Blohmke proposed
that technology transfer should emphasize the purpose of
economic development and the performance of technology,
and the evaluation of technology complexity should be
incorporated into the technology transfer mechanism [30].
Soares et al. relied on data from a recent survey conducted by
the Brazilian Innovation and Technology Transfer Managers
National Forum (FORTEC Innovation Survey) and explored
how the interplay of the quality of university regulations and
regional economic development impacts new patent ap-
plications and licensing agreements in the context of Bra-
zilian universities [31].

2.2. HTI. )e high-tech industry is one of the most im-
portant industries in a knowledge-based economy [32].
Liang proposed that high-tech industries with high invest-
ment, high growth, high yield, and high risk should have the
following general characteristics. )ey have (1) a high degree
of uncertainty, (2) high value with regard to human re-
sources, and (3) a highly correlated value of intangible assets
[33]. According to the explanation from China’s National
Bureau of Statistics of the People’s Republic of China, high-
tech industries can be defined as a set of enterprises that use
high technology as their foundation and execute intense
R&D activities, which include six types of manufactures:
medicines; aircraft and spacecraft, and related equipment;
electronic equipment and communication equipment;
computers and office equipment; medical equipment and
measuring instrument; electronic chemicals [34].

Research on high-tech industry focuses on innovation
performance [35], agglomeration effect [36], and influencing
factors [37]. )ese researches showed that internationali-
zation [38], technology diversification of industry level [39],
strengthening intellectual property rights [40], foreign
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investment [41], the different directions of external
knowledge search [42], institutional elements, and market
conditions [43] all can contribute to the performance of
HTID.

2.3.&e Relationship between TTU andHTID. )ere are also
extensive studies about the interactive relationship between
university sci-tech innovation and industrial development,
which introduces factors that influence the interaction be-
tween the two and technology transfer institutions. University
management [44], financial and knowledge obstacles [45],
organizational proximity [46], and experience accumulated
[47] can affect the interactive performance between TTU and
HTID. )e interaction between TTU and HTID depends not
only on their capacity of reciprocal effective adaptation over
time but also on the ability to adapt proactively to social and
environmental development [48]. To mitigate such cognitive,
geographical, organizational, and social distance, a growing
number of intermediary organizations, such as Technology
Transfer Offices (TTOS), University Incubators (UIs), and
Collaborative Research Centers (CRCs), have been estab-
lished [49]. Brescia et al. studied the organizational structure
of technology transfer offices in the world’s top 200 uni-
versities, emphasizing the role of external, internal, andmixed
organizational models [50]. Cassia et al. analyzed 46 entre-
preneurship research centers around the world and believed
that external stakeholders of knowledge transfer should en-
rich and support the performance of scientific research [51].
Bikard and Marx called a geographic concentration of pat-
enting by firms in a specialized technical field as hubs. )ey
highlighted the role of hubs of industrial R&D as an interface
between academic science and industrial technologies [52].
Goraczkowska Jadwiga found incubators contribute to an
increase in the introduction of product innovations by en-
terprises and in conducting R&D activities [53].

2.4. &e Influences between TTU and HTID. )ese two sys-
tems of TTU and HTID are mainly coupled in the form of
technology transfer, technology licensing, technology invest-
ment, and university-industry collaboration (UIC). )e cou-
pling contents include technology, knowledge, information,
products, market, capital, human resources, facility, and other
elements. Industry-university cooperation (cooper) is the link
between TTU and HTID and represents the scale of their
cooperation. For the HTID system, technology innovation is
the basis of its survival. )rough interactive cooperation with
universities, it can take advantage of the rich accumulated
knowledge and research human resources to transfer the sci-
tech achievement to industry technology, effectively reduce the
risk of industries R&D input, and save the cost in basic research
and applied research [54]. )e university sci-tech innovation
level (Utech) has a direct impact on the output of scientific and
technological achievements in universities, is an important part
of the regional scientific and technological innovation system,
and promotes HTID.

As for the TTU system, HTID provides human power,
facility, capital, and market for the incubation and appli-
cation of sci-tech achievements [55], which reflects the last

link that realizes the value. At the same time, HTID provides
a training platform for university researchers to improve
their practical abilities. )e higher the High-tech industry
technology absorption capacity (Habsorb), the stronger the
ability of the industry to identify, digest, integrate, and use
external sci-tech for technological innovation, and the more
it can promote TTU. )e higher the Technological inno-
vation level in high-tech industries (Htech), the greater the
demand for technological innovation in the industry, and
the easier it is to promote the coupling coordination of TTU
and HTID.

)e coordinated development of the TTU-HTID cou-
pling system requires favorable external conditions, in-
cluding regional economic development level [56],
infrastructure construction [57], human capital accumula-
tion [58], market-opening level [59], etc. Both the system of
TTU and HTID not only depend on external conditions but
also influence the external conditions through their devel-
opment, and then influence the other system. )e TTU-
HTID Coupling System also produces coupling with other
external bodies including government (government support
(gover) is an important part of the scientific and techno-
logical innovation system and promotes scientific and
technological innovation by formulating policies, support-
ing funds, government procurement, innovation subsidies,
and tax incentives) [60], sci-tech intermediaries (develop-
ment of sci-tech intermediary (interme) integrates infor-
mation and resources based on their intersecting position
between supply and demand, which can help high-tech
industries identify nonredundant information, expand re-
source acquisition channels, and promote the introduction,
transfer, and diffusion of regional scientific and techno-
logical achievements) [61], sci-tech finance (sci-tech finance
(fina) is an important part of the national sci-tech inno-
vation system and financial system) [62, 63], and other
research institutions (other research institutions (insti)
correspond to the “research” in the sci-tech innovation
system, which is an important part of the system) [64].)ese
bodies form an integrated sci-tech innovation system of
“government-industry-university-research-finance-
intermediary.”

2.5. &e Coupling Mechanism between TTU and HTID.
Coupling, which originates from physical science, is a
phenomenon in which two or more systems influence each
other through various interactions [65]. In this paper, both
TTU and HTID are regarded as open systems. )ese two
systems interact, penetrate, and couple to TTU-HTID
coupling system with new structure and functions. )e
coupling mechanism is shown in Figure 1.

3. Research Method and Model

3.1. Comprehensive Evaluation Index

3.1.1. Evaluation Index System. According to related ref-
erences [66–69], the evaluation index systems for the ability
of TTU and the level of HTID are determined, respectively,
as shown in Tables 1 and 2.
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Figure 1: TTU-HTID coupling system.

Table 1: Evaluation index system of ability of TTU.

First-level index Second-level index

(i) Conditions and basis

(i) Number of colleges
(ii) Research and development staff
(iii) R&D achievement application and technical service personnel
(iv) Research and development project funding/thousand yuan
(v) R&D achievement application and technology service project funding/thousand yuan
(vi) Research and development institution
(vii) Research and development project
(viii) R&D achievement application and technology service project

(ii) Scientific and technological achievements

(ix) Published scientific and technological work
(x) Published academic paper
(xi) Number of patents granted
(xii) )e number of national awards won by the achievements

(iii) Transfer effect (xiii) Number of signed contracts for technology transfer
(xiv) Actual income in the year of technology transfer/thousand yuan

Table 2: Evaluation index system of level of HTID.

First-level index Second-level index

(i) Scale of development

(i) Number of companies
(ii) Average number of employees
(iii) Investment/100 million yuan
(iv) Main business income/100 million yuan

(ii) Innovation ability

(v) R&D personnel equivalent to full-time equivalent/person-year
(vi) Internal expenditure of R&D funds/10,000 yuan
(vii) New product sale revenue/10,000 yuan
(viii) Number of valid invention patents

(iii) Development profit (ix) Total profit/100 million yuan
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3.1.2. Index Screening. Considering that there is multi-
collinearity between the second-level indicators in Tables 2
and 3, it is necessary to screen the indicators. )is paper uses
the information contribution rate to filter and assign weights
to the indicators. )is is because indicators screening and
weighting based on the information contribution rate can
overcome the factor analysis method that does not take into
account the distortion of the comprehensive evaluation
results due to the high overlap rate of information between
the indicators. )erefore, screening indicators based on the
information contribution rate can reduce information
overlap between evaluation indicators and ensure a scientific
and reasonable evaluation indicator system [70]. )e cal-
culation steps are as follows:

(1) Calculate the eigenvalues λj (j � 1, 2, . . . , m) of m
indexes correlation coefficient matrix XTX:

X
T
X − λjEm



 � 0. (1)

In equation (1), X is the index data matrix stan-
dardized by Z and Em denotes the unit matrix of
order m.

(2) Determine the key factors to be retained. If the
cumulative variance contribution rateΩp of p factors
with larger variance contribution rate ωj satisfies the
following:

Ωp � 
P

j�1
ωj � 

P

j�1

λj

m
>M0. (2)

)en retain these p key factors.
In equation (2), M0 takes the larger value 90%.

(3) Calculate factor loading matrix A � (aij)m×p:

A � λ1/21 ξ1, λ
1/2
2 ξp, . . . , λ1/2p ξp . (3)

In equation (3), ξj (j � 1, 2, . . . , p) is the eigenvector
corresponding to the jth eigenvalue λj of the index
set correlation coefficient matrix.

(4) Calculate the information contribution rate Ii of the
index Xi, that is, calculate the ratio of the index Xi to
explain the information contained in the original
index set.

Ii � 
P

j�1
Iij � 

P

j�1
ωj

a
2
ij


m
j�1a

2
ij

⎛⎝ ⎞⎠. (4)

(5) Calculate the cumulative information contribution
rate Rs.

Rs �


s
i�1Imi


m
i�1Ii

. (5)

In equation (5), Imi is the information contribution
rate of the i-th largest index after allm indicators are
sorted from large to small.

(6) Screen indicators with high information contribu-
tion rate. If the relative cumulative information
contribution rate Rs satisfies: Rs− 1 <R0 ≤Rs

(R0 � 0.7), then s indexes with a larger information
contribution rate are reserved.

(7) Check the necessity of eliminating information
overlap indicators. If the ill-conditioned index of the
remaining t indexes is not greater than 10, it means
that the overall information overlap level of the
remaining indexes is not high, and there is no need to
eliminate the information overlap indicators; oth-
erwise, it means that the overall information overlap
level of the remaining indexes is high. One step
further eliminates some of the information overlap
indicators and reduces the overall information
overlap level between indexes. )e ill-conditioned
index CIt can be determined according to the fol-
lowing equation:

CIt �

��
λ∗1
λ∗t



. (6)

In equation (6), λ∗1 and λ∗t are the maximum and
minimum eigenvalues of t index correlation coeffi-
cient matrices, respectively.

(8) Eliminate indicators with a high degree of infor-
mation overlap. )e index with the relatively small
information contribution rate is eliminated from the
two largest absolute value of the Person correlation
coefficient among the remaining t indexes. )en, the
step (7) and (8) are repeated and iterate over the
remaining indexes, until the ill-conditioned index of
the remaining k indicators CIk is not greater than 10,
the elimination of the information overlap indicators
is stopped.

(9) Determine the weight of the evaluation index. As-
suming that the final retained indicators after in-
dicator screening are X∗1 , X∗2 , . . . , X∗k , and the
corresponding information contribution rates are
I∗1 , I∗2 , . . . , I∗k , according to the normalization
method, the weight ωu of the available index
X∗u (1≤ u≤ k) is as follows:

ωu �
I
∗
u


k
j�1I
∗
j

. (7)

According to the above algorithm, the evaluation index
systems for the ability of TTU and the level of HTID are
shown in Tables 3 and 4.

3.1.3. Determining the Comprehensive Evaluation Index.
According to Tables 3 and 4, the comprehensive evaluation
index of the ability of TTU is calculated as follows:

U1 � 
n

i�1
u1iω1i. (8)
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)e comprehensive evaluation index of the level of
HTID is calculated as follows:

U2 � 
m

j�1
u2jω2j. (9)

In the above two equations, u1 and u2 are the stan-
dardized numerical values of the evaluation indexes for the
ability of TTU and the level of HTID, respectively, and ω1
and ω2 are the corresponding weights of the indexes.

3.2. Coupling Coordination Index. )e coupling index (CI)
describes the mutual influence between two or more systems
themselves and external factors [71]. )is article uses the CI
model to describe the relationship between the ability of
TTU and the level of HTID. Following Wang and Wang
[72], the CI is as follows:

C �
U1 × U2

U1 + U2( /2( 
2

⎡⎣ ⎤⎦
1/2

. (10)

According to equation (10), coupling index C ∈ [0, 1].
When C � 1, TTU and HTID are resonance coupling; when
C � 0, there is no coupling between TTU and HTID.

Although CI can reflect the strength of the interaction
between the ability of TTU and the level of HTID, it is not
enough to fully reflect coordination between them. When
comparing and analyzing the ability of TTU and the level of
HTID in different provinces, the CI between the ability of
TTU and the level of HTID may be the same as that of
provinces with lower levels. Relying solely on the CI cannot
effectively present the regional differences between the
ability of TTU and the level of HTID.)erefore, based on the
CI function, the coupling coordination index (CCI) model is
proposed as follows:

D �
�����
C × T

√
,

T � αU1 + βU2.
(11)

D is CCI of the ability of TTU and the level of HTID (TTU-
HTID CCI), T is the comprehensive coordination index of
them, α and β are undetermined coefficients that depend on

the importance of each subsystem in the system. Because
TTU and HTID both have a significant impact on the
coupling system, it is set α � 0.5 and β � 0.5.

Research on quantitative evaluation of CCI with related
literature [73], TTU-HTID CCI is divided into 4 levels from
low to high to intuitively reflect the coupling coordination
between them. )e classification criteria are shown in
Table 5.

3.3. Productivity Index. CI and CCI are both measured
values jointly displayed by TTU and HTID. )ey are a
measure of the close relationship between TTU and HTID
and the level of coupling development which cannot indicate
the comparative relationship between TTU and HTID. To
reflect the difference between TTU andHTID, the concept of
productivity index (PI) is proposed. TTU PI refers to the
ratio of the ability of TTU and the level of HTID, which is a
measure of the degree of advancement or lag in TTU relative
to the HTID. )e formula can be expressed as follows:

P �
U1

U2
. (12)

In equation (12), P on behalf of TTU PI, when P< 1, U1
lags the U2, when P � 1, U1 is equivalent to U2, when P> 1,
U1 is ahead of U2.

3.4. Rank Correlation Coefficient between CCI and PI. To
better show the time series characteristics of TTU-HTID
CCI and TTU PI in each province, the Spearman rank
correlation coefficient method was used to analyze the trend
of changes in related indicators from 2010 to 2019. )e
calculation formula of the rank correlation coefficient is
shown as follows:

Rn � 1 −
6 · 

n
i�1 Xi − Yi( 

2

N
3

− N
 . (13)

In equation (13), Rn is rank correlation coefficient, Xi is
the serial number from 2010 to 2019 in descending order of
evaluation value, Yi is the serial number arranged by time,
and N is the number of samples.

Table 3: Evaluation index system of ability of TTU after screening.

Screened indexes Weight
(i) Published scientific and technological work 0.3418
(ii) Actual income in the year of technology transfer/thousand yuan 0.2597
(iii) Number of signed contracts for technology transfer 0.2108
(iv) Number of patents granted 0.1877

Table 4: Evaluation index system of level of HTID after screening.

Screened indexes Weight
(i) Average number of employees 0.2907
(ii) Number of companies 0.1918
(iii) R&D personnel equivalent to full-time equivalent/person-year 0.1811
(iv) Investment/100 million yuan 0.1766
(v) Internal expenditure of R&D funds/10,000 yuan 0.1598
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)e absolute value of Rn is compared with the critical
value WP in the rank correlation coefficient statistics table. If
|Rn|≥WP, it indicates that the changing trend is significant.
When Rn is positive, it shows an upward trend, and when Rn

is negative, it shows a downward trend. )erefore, when the
Rn of TTU-HTID CCI is positive, it means that CCI displays
an upward trend and CCI is increasing; otherwise, it is
showing a downward trend and CCI is decreasing.When the
Rn of TTU PI is positive, it indicates an upward trend for PI;
otherwise, it shows a downward trend.

3.5. Influencing Factor Measurement Mode. According to
TTU-HTID Coupling System (shown as Figure 1), in ad-
dition to TTU and HTID, the TTU-HTID coupling system
also includes external entities such as government, sci-tech
intermediaries, sci-tech finance, other research institutions,
and other external subjects and environment which may also
affect the TTU-HTID coupling coordination. Considering
the influence of the external environment is multifaceted
and invisible, which is easy to mix with other factors, this
study only analyzes the influence of the internal subjects of
the sci-tech innovation system “government, industry,
university, research, and financial institutions” on TTU-
HTID CCI, except for external environmental factors.

Table 6 shows the summary of influencing factors and
the corresponding evaluation index.

Based on the above analysis of influencing factors, the
following measurement model is established:

Ci,t � β0 + β1 ln Utechi,t + β2TTAUi,t + β3 ln Htechi,t + β4 ln Habsorbi,t + β5HTI DLi,t + β6 ln cooperi,t + β7 ln goveri,t

+ β8 ln intermei,t + β9 ln finai,t + β10 ln instii,t + εi,t.

(14)

In equation (14), i and t represent province and year,
respectively; C is explained variable and TTU-HTID CCI
whose data is calculated from the above; β0 is constant term;
ε represents the random error term. Considering the large
values of some explanatory variables, to facilitate analysis,
these variables are processed in logarithm.

Since TTU-HTID CCI has a reverse causal relationship
to the related influencing factors of TTU and HTID, to
overcome the possible endogenous problems, SYS-GMM is
used to estimate the measurement model. In the specific
estimation process, the three-period lags of explanatory
variables are selected as instrumental variables.

3.6. Data Selection. Panel data of the TTU and the HTID in
31 provinces in Mainland China from 2010 to 2019 is se-
lected for empirical analysis (Due to the limitation of data
collection, Hong Kong, Macao, and Taiwan regions are not
included, the same below). Data sources include “Compi-
lation of Statistics on Science and Technology of Higher
Education Institutions,” “Statistical Yearbook of China’s
High-tech Industry,” “Yearbook of Statistics of China’s
High-tech Industry,” etc. Some of the data of HTID in 2017
are missing, used by the linear interpolation method to
complete [66]. To eliminate the influence of different
magnitudes and dimensions among various indicators and
make the data comparable, the original data of each indi-
cator is processed without dimension.

4. Results and Discussion

4.1. Coupling and Coordination Analysis

4.1.1. Analysis of Each Region. Based on the comprehensive
evaluation of TTU and HTID in 31 provinces in China from
2010 to 2019, the average value of TTU-HTID CCI and TTU
PI in each year of the country and the four major regions are
calculated using the CCI and PI model, shown in Figure 2.

It can be seen from Figure 2 that from 2010 to 2019, the
national TTU-HTID CCI showed a gradual upward trend,
and the average value reached the moderate coupling co-
ordination level in 2016; the TTU PI was fluctuating and
decreasing, after reaching the lowest value of 3.118 in 2015
there has been an increase again, indicating that the growth
rate of the level of HTID is higher than the ability of TTU,
but the ability of TTU is much higher than the level of HTID,
the conversion efforts of scientific and technological
achievements of universities into high-tech industries still
needs to be improved.

Related policies successively released in 2015-2016 have
further promoted the transformation and development of
TTU, stimulated the vitality of the transformation of TTU, and
made the PI of the transformation of TTU show an upward
trend after 2016. In terms of subregions, in the past five years,
the TTU-HTID CCI shows East>Central>Northeast>West,
and TTU PI shows the spatial distribution characteristics of
Central<East<West<Northeast. )e specific analysis of the
four major regions is as follows:

Table 5: Classification standard of CCI.

CCI Coupling coordination level
[0, 0.3) Low coupling coordination (L)
[0.3, 0.5) Moderately coupling coordination (M)
[0.5, 0.8) Highly coupling coordination (H)
[0.8, 1] Extremely coupling coordination (E)

Complexity 7



(1) East Region. )e TTU-HTID CCI is the highest,
which is much higher than the national average,
showing an upward trend year by year. It exceeded
0.3 in 2010, reaching the level of moderately coupling
coordination, and reached 0.450 in 2019,
approaching highly coupling coordination. )is
suggests that the interactive relationship between
TTU and HTID tends to be close and the devel-
opment is in a good stage. TTU PI is lower than the
national average level, showing a state of declining
volatility, reaching the lowest value of 2.359 in 2015,
indicating that although the ability of the TUU
comprehensive evaluation index is ahead of the level
of HTID, the ability of TUU and the level of HTID
tend to be balanced and can be developed relatively
coordinated.

(2) Central Region. )e TTU-HTID CCI is slightly
higher than the national average, and it is also
showing an upward trend year by year. It was at low
coupling coordination in 2010 and has reached
moderate coupling coordination since 2012, which

shows the interactive relationship between TTU and
HTID is gradually improving, representing a healthy
state of development. TTU PI was higher than the
national average in 2010, and then the downward
trend was more obvious. It has reached the lowest
level in the country since 2014, but it is still greater
than 2. It shows that the comprehensive evaluation
index of the ability of TTU is also ahead of the level of
HTID, and the ability of TTU and the level of HTID
tend to be balanced.

(3) West Region. )e TTU-HTID CCI is far lower than
the national average, but it still shows an upward
trend year by year. )e CCI in 2019 was 0.214, which
is still at low coupling coordination, showing that the
interaction between TTU and HTID is gradually
improving. However, the mutual coupling and co-
ordination are at a low level, as well as the devel-
opment situation. TTU PI is higher than the national
average level and shows a state of declining fluctu-
ations, reaching the lowest value of 3.235 in 2016,
indicating that the TUU level is ahead of the HTID.

Table 6: Influencing factors and evaluation index.

Influencing factor Evaluation index
Utech Internal expenditure of university R&D funds
cooper Enterprise funds in university R&D funds
Habsorb Cost of technological transformation of the high-tech industry
Htech Internal expenditure of R&D funds in high-tech industry
gover Government funds in the internal expenditures of R&D
interme Technical market turnover
fina Other funds in the internal expenditures of R&D expenditures
insti Internal expenditures of R&D funds of research and development institutions
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Figure 2: 2010–2019 Chinese and four major regions TTU-HTID CCI and TTU PI average.
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Considering TTU and HTID are in a state of low
coupling coordination, it shows that they cannot
support each other well. TUU’s support for HTID is
not enough, and the HTID foundation is poor.

(4) Northeast Region. )e TTU-HTID CCI was slightly
higher than the national average before 2013 and was
in a slow-growth state; after 2014, it gradually de-
clined and was lower than the national average, and
the CCI was always below 0.3, at low coupling co-
ordination, which shows that the interaction be-
tween TTU andHTID is gradually getting worse, and
mutual support weakens. In recent years, TTU PI is
much higher than the national average. Combining
the CCI between TTU and HTID shows that the
ability of TUU has increased to a certain extent, but it
has not been transformed into the driving force of
HTID, which is in a state of shrinking.

4.1.2. Analysis of Each Province. Table 7 shows the Rn of
TTU-HTID CCI and TTU PI in each province from 2010 to
2019 (specific data shown in Table 8: 2010–2019 CCI and PI
of each province).

)is study collected 10 years of data, N� 10, to check the
critical value of Spearman’s rank correlation coefficient
WP � 0.564(α � 0.05). Data greater than 0.564 are indicated
by “∗” in Table 7.

It can be seen from Table 7 that, except for the three
provinces of Tianjin, Liaoning, and Heilongjiang (indicated
by “—” in Table 7), the Rn of TTU-HTID CCI in all
provinces are positive, indicating that CCI is on an upward
trend, and the upward trend in most provinces is more
obvious. )e Rn of Shanghai, Tibet, and Jilin are lower than
the critical value, indicating that the TTU-HTIDCCI has not
increased significantly.

)ere are 13 provinces with positive Rn of TTU PI,
including Beijing, Jiangsu, Zhejiang, Shandong, Guangdong,
Hainan, Shanxi, Inner Mongolia, Sichuan, Guizhou,
Liaoning, Jilin, and Heilongjiang. Among them, the Rn of
Jiangsu and Liaoning exceeded the critical value, indicating
that PI increased significantly, and the growth rate of the
ability of TTU was significantly restored compared with the
level of HTID. Totally there are 18 provinces with negative
Rn (indicated by “—” in Table 7). Among them, the absolute
values of Rn in Hebei, Anhui, Hubei, Hunan, Chongqing,
Qinghai, and Xinjiang, exceed the critical value, indicating
that the level of HTID has increased significantly faster than
the ability of TTU.

Based on the classification standard of CCI of each
province, it can be classified as follows.

Only Jiangsu is at the level of extreme coupling coor-
dination. According to the statistics in 2019, there are a total
of 149 universities in Jiangsu, 24,368 patents authorized by
universities, and 2,515 technology transfer contracts. )e
three indexes above all rank the first in China, and other
indexes of TTU also rank the top. )ere are 48 high-tech
zones at or above the provincial level, among which 18 are
national levels, ranking first in China.)eHTI also performs
well in various indicators. TTU and HTID both are showed

high activity (|Rn|≥WP) and good balance (TTUPI �

1.225), and CCI shows an outstanding performance.
Provinces with high coupling coordination include

Guangdong and Zhejiang, but Guangdong has a much
higher CCI. Guangdong has a very outstanding development
level of HTI, ranking first in many indicators in China. Its
TTU PI is less than 1, but TTU PI Rank Correlation Co-
efficient is close to WP, indicating a significant growth trend
of TTU. In the future, the CCI of Guangdong will increase
faster, and Zhejiang increases stably.

14 provinces are in the level of moderately coupling
coordination, distributed in 4 regions and divided into 4
types:

(i) )e first type includes the characteristics with CCI
rank correlation coefficient a positive number, TTU
PI higher than 1, and TTU PI rank correlation
coefficient a negative number (represented as
“++− ”), including Hebei, Shanghai, Anhui, Hunan,
Hubei, Henan, Chongqing, and Shaanxi. CCI of the
provinces above is ascending every year, and TTU
higher than HTID with the gap narrowing, indi-
cating a good development trend of CCI. Because
the absolute value of both rank correlation coeffi-
cients is higher than WP in Hebei, Anhui, Hunan,
Hubei, and Chongqing, the CCI of the 5 provinces
will increase at a faster rate.

(ii) CCI rank correlation coefficient of Fujian and
Jiangxi is a positive number, TTU PI lower than 1,
and TTU PI rank correlation coefficient a negative
number and the absolute value lower than WP

(represented as “+− − ”). It means that the base of
TTU is weak and a narrowing gap compared with
HTID exists. CCI of the two provinces will have a
relative development.

(iii) )e indexes of Beijing, Shandong, and Sichuan can
be represented as “+++.” )e ability of TTU is
higher than the level of HTID, and the gap existing
is not an appreciable expansion. It means there are
very rich resources in the three provinces, but not
enough to transfer to HTID. )erefore, it should
overcome this barrier to guarantee the promotion of
CCI.

(iv) )e indexes Liaoning can be represented as “− ++,”
which means the ability of TTU is higher than the
level of HTID, and the gap is becoming more and
more obvious. Most important of all, CCI of
Liaoning shows a downward trend. )e gradually
improved ability of TTU has not brought the de-
velopment of HTID, and CCI is getting worse and
worse.

)ere are 14 provinces in the level of low coupling
coordination, distributed in 4 regions and also divided into 4
types:

(i) )e indexes of Hainan, Shanxi, Inner Mongolia,
Guizhou, and Jilin can be represented as “+++.”)e
ability of TTU is higher than the level of HTID, and
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the gap existing is not an appreciable expansion.
Combined with the low indexes of HTID and in-
sufficient ability of TTU in these provinces, the
development of CCI will be slow.

(ii) )e indexes of Tianjin can be represented as “− +− .”
It means CCI of Tianjin is going down, and the
ability of TTU is higher than the level of HTID, but
the gap is becoming close. Both the ability of TTU
and the level of HTID are shrinking.

(iii) It can be represented as “++− ” of the indexes of
Xizang, Qinghai, Ningxia, Xinjiang, Gansu, Yunnan,
and Guangxi. Given the weak foundation for de-
velopment, the growth of CCI will be relatively slow.
Because the absolute value of both rank correlation
coefficients is higher than WP in Qinghai and Xin-
jiang, CCI will increase at a faster rate.

(iv) )e indexes Heilongjiang can be represented as
“− ++,” which is same to Liaoning. Considering its
poorer foundation, CCI of Heilongjiang will be
getting worse and worse.

4.2. Influencing Factors of Coupling Coordination of TTU and
HTID. Since the TTU-HTID coupling coordination degree
has a reverse causal relationship for the transformation of
university scientific and technological achievements and the
development of high-tech industry related factors, in order
to overcome the possible endogenous problems, the system
GMM method is used to estimate the measurement model.
In the specific estimation process, the three-period lag of the
explanatory variable is selected as the instrumental variable,
and the measurement results are shown in Table 9. It can be
seen from Table 9 that the indicators of the Arellano-Bond
test, Sargan test, and Hansen test meet the requirements, and
the number of instrumental variables does not exceed the
number of endogenous variables, and they are all valid,
indicating that the system GMM estimation results are
effective.

From SYS-GMM estimation results, it can be seen that
the influencing factors of the HTID subsystem have a sig-
nificant impact on the TTU-HTID CCI, but Utech, TTAU in
the TTU subsystem have no significant influence. Htech,
Habsorb, HTIDL all have significant promoting effects on

Table 7: TTU-HTID coupling coordination indexes of each province.

Region Province CCI
2010 . . .

CCI
2019

Classification standard
2019

CCI rank correlation
coefficient

TTU
PI

TTU PI rank correlation
coefficient

East

Hainan 0.075 . . . 0.093 L 0.661∗ 5.536 0.285
Tianjin 0.259 . . . 0.260 L − 0.309 — 1.812 − 0.261 —
Hebei 0.246 . . . 0.323 M 0.915∗ 2.728 − 0.576 —∗

Fujian 0.301 . . . 0.353 M 0.927∗ 0.966
— − 0.261 —

Shanghai 0.379 . . . 0.432 M 0.055 3.298 − 0.103 —
Beijing 0.410 . . . 0.461 M 0.721∗ 8.768 0.042

Shandong 0.416 . . . 0.476 M 0.842∗ 1.795 0.139
Zhejiang 0.403 . . . 0.541 H 0.952∗ 1.367 0.212

Guangdong 0.572 . . . 0.750 H 0.952∗ 0.429
— 0.552

Jiangsu 0.627 . . . 0.809 E 0.976∗ 1.225 0.697∗

Central

Shanxi 0.189 . . . 0.227 L 0.891∗ 4.227 0.055

Jiangxi 0.237 . . . 0.364 M 0.988∗ 0.852
— − 0.442 —

Anhui 0.318 . . . 0.402 M 0.721∗ 1.362 − 0.952 —∗
Hunan 0.300 . . . 0.444 M 0.976∗ 2.596 − 0.855 —∗
Hubei 0.323 . . . 0.464 M 1.000∗ 2.445 − 0.733 —∗
Henan 0.361 . . . 0.483 M 0.976∗ 2.767 − 0.285 —

West

Xizang 0.019 . . . 0.025 L 0.515 3.844 − 0.248 —
Qinghai 0.039 . . . 0.073 L 0.879∗ 1.358 − 0.697 —∗
Ningxia 0.045 . . . 0.100 L 0.891∗ 2.990 − 0.394 —
Xinjiang 0.068 . . . 0.101 L 0.830∗ 5.544 − 0.685 —∗
Gansu 0.127 . . . 0.161 L 0.879∗ 8.111 − 0.297 —
Inner

Mongolia 0.126 . . . 0.177 L 0.952∗ 7.160 0.285

Yunnan 0.133 . . . 0.213 L 0.939∗ 6.575 − 0.491 —
Guangxi 0.173 . . . 0.216 L 0.927∗ 1.802 − 0.188 —
Guizhou 0.129 . . . 0.224 L 0.964∗ 3.159 0.515
Chongqing 0.233 . . . 0.398 M 0.988∗ 3.301 − 0.612 —∗
Shaanxi 0.297 . . . 0.418 M 1.000∗ 4.666 − 0.382 —
Sichuan 0.315 . . . 0.465 M 0.964∗ 2.796 0.188

Northeast
Heilongjiang 0.229 . . . 0.232 L − 0.103 — 9.008 0.309

Jilin 0.216 . . . 0.233 L 0.297 5.205 0.285
Liaoning 0.336 . . . 0.323 M − 0.661 —∗ 9.337 0.697∗
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the CCI, whose influence coefficients are 0.014, 0.006, 0.504.
)e reason is that from the perspective of national and
regional TTU PI, TTU is much higher than HTID, and the
improvement of TTU-HTID CCI is more dependent on
HTID. Because the evaluation of Utech and TTAU is based
on the quantity index, the patent quality, which represents
the ability of sci-tech achievements of universities, does not
increase significantly with the increase of quantity [74].
However, sci-tech achievements with high quality are more
likely to be transferred to HTI. It should improve quality
rather than quantity to promote the ability of sci-tech
achievements of universities. As an important channel for
the technology transfer from universities to HTI, cooper has
a significant impact on CCI.

Of all the external entities, only fina has a significant
impact on CCI, but gover, interme, and insti have no sig-
nificant influence. Innovation requires more than technol-
ogy. It also needs capital to commercialize it, hence, the need
for customers to develop connectivity with the capital
markets [75]. Technology finance provides financial support
for TTU and HTID through a variety of systems such as the
four major financial systems represented by banks, guar-
antees, insurance, and bonds, which is the lifeblood of TTU
andHTID.)e reason why gover has no significant influence
on CCI may be in the following: the vast majority of the
government funds to universities are invested in basic re-
search and experimental development research rather than
technology transfer. )e expected results of the funding are
more about the cultivation of students, the publication of
articles, the acquisition of patent authorization, etc., and
there are few indicators of technology transfer. interme
represented by the technology market has a low degree of
development and low added value of technology. According
to the Statistical Yearbook of China Science and Technology,
as the seller in 2019, the value of contract deals in technical
markets of high education is 59 million yuan, which is only
2.6% of the whole market. Moreover, the proportion has
been decreasing year by year (from 4.6% in 2012 to 2.6% in

2019), which means interme has failed to build a good bridge
between universities and HTI. Although insti is in a com-
petitive and cooperative position with universities in the
industry-university-research system, they have their own
advantages, and the development degree of insti does not
have a significant impact on the coupling.

5. Conclusion and Enlightenment

5.1. Main Conclusions. )is paper focuses on coupling co-
ordination between TTU and HTID in China, analyzes the
coupling mechanism of TTU and HTID, and constructs the
tailored coupling system for them and based on the con-
clusions obtained can provide decision-makers with deci-
sion-making ideas. )e methods adopted here are based on
the information contribution rate to screen the evaluation
indicators of the two subsystems and assign weights. Two
comprehensive evaluation index systems are established and
TTU-HTID CI, TTU-HTID CCI, and TTU PI models are
introduced as well. Furthermore, the spatiotemporal char-
acteristics of the coupling and coordination of TTU and
HTID from 2010 to 2019 are analyzed and the SYS-GMM is
applied for estimating its influencing factors. )e main
conclusions derived from this paper are summarized as
follows:

(1) )e overall national TTU-HTID CCI shows a gradual
upward trend, but the level of coupling coordination
is not high. From a regional perspective, TTU-HTID
CCI East>Central>Northeast>West, the CCI of
Northeast showed a trend of first rising and then
falling; TTU PI showed the spatial distribution
characteristics of Central<East<West<Northeast.
Affected by various factors, the TTU-HTID CCI
difference among provinces in each region is
East>West>Central>Northeast, and the TTU-
HTID CCI difference of each province shows a
gradually expanding trend.

(2) )e national TTU PI is in a state of volatility and
decline, and it has risen after reaching the lowest
value of 3.118 in 2015, which shows the growth rate
of the level of HTID is higher than the ability of TTU,
but the ability of TTU is still much higher than the
level of HTID. )e transformation of Technology in
universities into high-tech industries still needs to be
improved.

(3) Specific to each province, TTU-HTID CCI has large
regional differences, showing a trend of high in the
east and low in the west, high in the coast, and low in
the inland. Except for Tianjin and Hainan in the east,
the TTU-HTID CCI levels of all provinces are rel-
atively high, and the CCI of Jiangsu, Guangdong, and
Zhejiang have reached highly coupling coordination.
Apart from Shanxi Province in the central, all
provinces TTU-HTID CCI have reached moderately
coupling coordination. )e TTU-HTID CCI of all
provinces in the west is generally low, but Sichuan,
Shaanxi, and Chongqing have reached moderately
coupling coordination. Heilongjiang and Jilin in the

Table 9: Influencing factors of TTU-HTID coupling coordination
by SYS-GMM.

Variable Coefficient P value
lnUtech 0.014 0.242
TTAU 0.156 0.133
lnHtech 0.014∗∗ 0.015
lnHabsorb 0.006∗∗∗ 0.008
HTIDL 0.504∗∗∗ 0.000
lncooper 0.012∗∗ 0.021
lngover − 0.037 0.104
Lninterme − 0.001 0.922
lnfina 0.014∗∗∗ 0.005
lninsti 0.030 0.052
_cons − 0.344∗∗∗ 0.001
P ≤0.001
AR (1) 0.035
AR (2) 0.512
Sargan 0.083
Hansen 0.449
Note. )e symbols ∗∗∗ and ∗∗ indicate significant at 1% and 5%, respectively.
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northeast are at low coupling coordination, while
Liaoning has been at moderately coupling coordi-
nation, but CCI has not increased significantly.

(4) Except for Tianjin, Liaoning, and Heilongjiang, the
TTU-HTID CCI of other provinces is on an upward
trend which is obvious in most provinces. TTU PI in
13 provinces is in a state of growth, of which Jiangsu
and Liaoning provinces have a significant growth in
TTU PI, and the ability of TTU has increased sig-
nificantly faster than the level of HTID. )e TTU PI
of 18 provinces is in a state of decline. Among them,
Hebei, Anhui, Hubei, Hunan, Chongqing, Qinghai,
and Xinjiang have a significant decline in TTU PI,
and the level of HTID is significantly faster than the
growth rate of the level of TTU.

(5) Htech, Habsorb, HTIDL, cooper, and fina have a
significant role in promoting the coupling coordi-
nation of TTU-HTID. Utech, TTAU, gover, interme,
and insti have no significant impact on TTU-HTID
coupling coordination.

5.2. Policy Enlightenment.

(1) Based on the regional university resources and in-
dustries development, each region should highlight
its characteristics, exploit the potential of coupling
coordination between TTU and HTID, expand the
ability to connect with innovative resources outside
the region, and build a multiparticipant industry-
university-research collaborative innovation plat-
form. Besides, they should also change the unbal-
anced development of TTU-HTID coupling
coordination and reduce the difference of regional
TTU-HTID coupling coordination.

(2) All regions should focus on guiding universities to
actively integrate into the regional technological
innovation system, serving the regional technolog-
ical innovation chain and industrial chain, and
aiming at the common key technologies and cutting-
edge leading technologies for industrial develop-
ment, playing the role of “complement chain,”
“strong chain,” and “chain extension.” It is necessary
to start from the source of innovation, transform
technological achievements into high-tech indus-
tries, guide universities and industries to “go out”
and “bring in,” solve the difficult problem of in-
dustrialization of Technology in University, and
promote the coupling coordination development of
them.

(3) All regions should pay more attention to building a
technological innovation system with enterprises as
the main body, focus on improving Htech and
Habsorb, vigorously broaden the channels for in-
dustry-university cooperation, and further
strengthen the construction of the technology service
system, especially the technology financial system,
and give full play to the role of finance in promoting
HTID and TTU.
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M. Enselmina, L. Torres, and V. Guadalupe, “An institutional
framework to explain the university: industry technology
transfer in a public university of Mexico,” Journal of Tech-
nology Management & Innovation, vol. 12, no. 1, pp. 4–12,
2017.

[21] G. D. Markman, D. S. Siegel, and M. Wright, “Research and
technology commercialization,” Journal of Management
Studies, vol. 45, no. 8, pp. 1401–1423, 2008.

[22] G. Harman, “Australian university research commercialisa-
tion: perceptions of technology transfer specialists and science
and technology academics,” Journal of Higher Education
Policy and Management, vol. 32, no. 1, pp. 69–83, 2010.

[23] G. Buenstorf, “Is commercialization good or bad for science?
Individual-level evidence from the Max Planck society,”
Research Policy, vol. 38, no. 2, pp. 281–292, 2009.

[24] O. Al-tabbaa and S. Ankrah, “Social capital to facilitate
“engineered” university-industry collaboration for technology
transfer: a dynamic perspective,” Technological Forecasting
and Social Change, vol. 104, pp. 1–15, 2016.

[25] E. Lafuente and J. Berbegal-Mirabent, “Assessing the pro-
ductivity of technology transfer offices: an analysis of the
relevance of aspiration performance and portfolio complex-
ity,” &e Journal of Technology Transfer, vol. 44, no. 3,
pp. 778–801, 2019.

[26] M. Good, M. Knockaert, and B. Soppe, “A typology of
technology transfer ecosystems: how structure affects inter-
actions at the science-market divide,” &e Journal of Tech-
nology Transfer, vol. 45, no. 5, pp. 1405–1431, 2020.

[27] M. Grimaldi and L. Cricelli, “Indexes of patent value: a
systematic literature review and classification,” Knowledge

Management Research & Practice, vol. 18, no. 2, pp. 214–233,
2020.

[28] L. Lyu, W. Wu, H. Hu, and R. Huang, “An evolving regional
innovation network: collaboration among industry, univer-
sity, and research institution in China’s first technology hub,”
&e Journal of Technology Transfer, vol. 44, no. 3, pp. 659–680,
2019.

[29] G. E. Derrick, “Integration versus separation: structure and
strategies of the technology transfer office (TTO) in medical
research organizations,” &e Journal of Technology Transfer,
vol. 40, no. 1, pp. 105–122, 2015.

[30] J. Blohmke, “Technology complexity, technology transfer
mechanisms and sustainable development,” Energy for Sus-
tainable Development, vol. 23, pp. 237–246, 2014.

[31] T. J. Soares, A. L. V. Torkomian, and M. S. Nagano, “Uni-
versity regulations, regional development and technology
transfer: the case of Brazil,” Technological Forecasting and
Social Change, vol. 158, Article ID 120129, 2020.

[32] J. Hong, B. Feng, Y.Wu, and L.Wang, “Do government grants
promote innovation efficiency in China’s high-tech indus-
tries?” Technovation, vol. 57-58, no. S1, pp. 4–13, 2016.

[33] B. M. Liang, “Evaluation of high-tech enterprises,” Canadian
Social Science, vol. 7, no. 6, pp. 245–248, 2011.

[34] S. Ding, “A novel discrete grey multivariable model and its
application in forecasting the output value of China’s high-
tech industries,” Computers & Industrial Engineering, vol. 127,
pp. 749–760, 2019.

[35] L. Yu, Y. Duan, and T. Fan, “Innovation performance of new
products in China’s high-technology industry,” International
Journal of Production Economics, vol. 219, pp. 204–215, 2020.

[36] L. Li, X. Hong, and K. Peng, “A spatial panel analysis of carbon
emissions, economic growth and high-technology industry in
China,” Structural Change and Economic Dynamics, vol. 49,
pp. 83–92, 2019.

[37] D. C. Fan and X. M. Gu, “Analysis on the technology in-
novation efficiency and its influencing factors of Chinese
high-tech industry,” in Proceedings of the 2018 25th Annual
International Conference on Management Science & Engi-
neering, pp. 149–155, Frankfurt, Germany, 2018.

[38] P. Arora, Q. L. Kweh, and D. Mahajan, “Performance com-
parison between domestic and international firms in the high-
technology industry,” Eurasian Business Review, vol. 8, no. 4,
pp. 477–490, 2018.

[39] Y. B. He, S. Zhang, and Z. Y. Zhou, “)e pattern of technology
diversification and its influence on persistent innovation—a
comparative study of China’s high technology industries,” in
Proceedings of the Innovation-driven Capability Building and
Industry Development (ISMOT 16), pp. 40–44, Hangzhou,
China, 2016.

[40] C. H. Yang, C. C. Kuo, and E. D. Ramstetter, “Intellectual
property rights and patenting in China’s high-technology
industries: does ownership matter?” China World Economy,
vol. 19, pp. 102–122, 2011.

[41] M. E. Lovely and Z. Huang, “Foreign direct investment in
China’s high-technology manufacturing industries,” China &
World Economy, vol. 26, no. 5, pp. 104–126, 2018.
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