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Abstract: The development of a difference-in-differences estimator is a new move in patent policy
evaluation research. However, such an estimator neglects the possibility that academic patent
activities follow a spatial autoregressive process with respect to the dependent variable. The objective
of this study was to propose a spatial difference-in-differences estimator accounting for possible
spatial spillover effects. In this study, an empirical analysis of a sample of 31 Chinese provinces
from 2010 to 2019 indicates that an incentive patent policy has a positive impact on the output and
commercialization of academic patents, with positive effects also spilling over into neighboring
provinces. This study further found that incentive patent policies play a placebo role in academic
patent activities. Provincial patent policies are merely a proxy for other variables that characterize
the systemic differences between provinces that implement patent policies and those that do not.
Therefore, the promotion of academic patent activities cannot be attributed to policy incentives.

Keywords: patent policy; commercializing academic patent; spatial difference-in-differences; spatial
spillover; quasi-natural experiment

1. Introduction

Technological progress is the eternal power and source of sustainable development [1].
The transformation of scientific and technological achievements, including patented technolo-
gies, integrates science and technology with the three major ecosystems of society, economy,
and ecology and is a key link in the realization of economic transformation and sustainable
development [2,3]. The effect of scientific and technological innovation on sustainable devel-
opment is mainly reflected in the promotion of economic growth [4] and the evolution of social
patterns [5], as well as the protection of the ecological environment and the conservation of
resources [6], which has continuously promoted the sustainable development of the economy,
society, and natural systems. In the entire national innovation system, universities occupy an
important position [7]. Therefore, the innovation ability of universities is also an important
aspect of research in the field of social sustainable development [8,9].

Universities promote the sustainable development of society through the commercial-
ization of academic patents, which is also important for the sustainable development of
universities themselves. Universities are a very important part of the innovation systems
of various countries in the world, and academic patents are an important indicator of the
scientific research strength and R&D capabilities of universities [10,11]. Universities are
important bases for scientific and technological innovation, and the ultimate goal of uni-
versity patent operations is to transform academic patents into actual productivity [12,13].
Therefore, many countries have enacted a series of patent policies to improve the output
and commercialization of academic patents [14–17]. However, researchers have not yet
reached a consensus on the impact of government patent incentive policies on academic
patent activities [18–20].

In policy evaluation, the difference-in-differences approach adequately controls for the
possible omission of significant variables correlated with academic patent activity [21,22].
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The difference-in-differences estimator is a convenient way to deal with the omission of a
latent constant spatial structure [23]. What is less clear in the policy evaluation, however,
is what happens if spatial autocorrelation is generated by an autoregressive process over
the dependent variable. In other words, theoretical and empirical investigations with the
traditional difference-in-differences method have ignored the geographical proximity and
spatial spillover effects of academic patent activities.

This study used provincial statistics to estimate the effects of patent policies on aca-
demic patent activities based on the specific characteristics of incentive patent policies
implemented by China’s provincial governments. The two purposes of the patent incentive
policies for universities are to increase the output of academic patents and to increase the
degree of commercialization of academic patents [14]. Therefore, academic patent activities
here include two aspects of activities: academic patent production and commercialization.
Therefore, two questions need to be addressed:

Q1. What is the influence of patent policies on the output of academic patents?
Q2. What is the influence of patent policies on the commercialization of academic patents?
With the development of China’s economy, more and more attention is being paid to

the protection of intellectual property rights. The central government and local govern-
ments have successively issued a series of patent policies aimed at improving the output
and quality of patents and promoting the commercialization of patents [24]. China is now
the country with the largest number of patent applications in the world each year. However,
the commercialization of academic patents in universities is still relatively backward. The
commercialization rate of academic patents in China is less than 5%, which is much lower
than that of western developed countries. The low commercialization rate of academic
patents is a common problem faced by developing countries [25]. Therefore, research on
China will not only help to summarize China’s experience in patent development, but
also help developing countries design and implement more effective patent incentive
policies. In addition, the implementation of provincial patent incentive policies by Chi-
nese provinces in different years is actually an important public policy experiment. This
provides a good realistic basis for quasi-experimental research on patent policies.

This study will show how the spatial difference-in-differences model can be used
to calculate three different treatment effects: treatment effects based on patent incentive
policies, spillover effects within the treatment group, and spillover effects on the control
group. This study found that an incentive patent policy has a positive impact on the output
and commercialization of academic patents. However, the policy variable is likely to be
an instrumental variable for the difference between provinces in the experimental group
and the control group. Our results also confirmed the existence of spillovers both within
and beyond the treated group. This research shall add value to the empirical application of
the difference-in-differences method as well as the literature related to the promotion of
patent activities.

Taking advantage of the time node differences in implementing incentive patent
policies in different provinces and the interactions between neighboring provinces, this
study used the spatial difference-in-differences model to identify the stimulating effects of
patent policies. Section 2 introduces the development of provincial patent policy in China;
Section 3 outlines the literature review and hypothesis development; Section 4 reports
the data and methods; Section 5 presents the research results; and Section 6 outlines the
discussion. The final section is the conclusion.

2. The Development of Provincial Patent Policy in China

After the central government of China issued the Outline of the National Intellectual
Property Strategy in 2008, several provinces have introduced and implemented patent
support policies on funding applications and patent creation, applications, protections, and
management, which have promoted local scientific and technological progress and eco-
nomic development. These provincial-level patent policies aim to promote patent creation,
patent applications, patent management, patent services, and patent protection [14]. For
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example, in terms of promoting patent creation, some provinces provide incentives through
direct grants to patent applicants, and in terms of patent applications, some provinces have
encouraged commercial banks to increase credit for patented technology industrialization
projects, and guarantee agencies to give priority to financing guarantees for patented
technology industrialization projects. On this basis, in order to promote the commercial-
ization of academic patents in local universities, some provinces have introduced and
implemented patent policies on such matters as having relevant patents that have yielded
economic benefits as an important criterion for conferring academic titles in universities.

Because provinces constitute different economic and social environments, their patent
policies also differ [20]. For example, Zhejiang Province provides special subsidies ranging
from CNY 5 to 10 million to key provincial patent innovation institutions listed in the training
plan; in 2013, Shanghai provided special subsidies for patent work pilot units not exceeding
CNY 400,000, and Hunan Province established a patent award of CNY 300,000. Local gov-
ernments play an important role in promoting patent output and commercialization. Due
to the differences in local governments’ patent policies, the effects of local patent policies on
local patent output and commercialization will also be different. In addition, local patent
policies are not static but need to be adjusted according to actual needs. For example, Bei-
jing, Shanghai, and Tianjin have revised their local patent policies almost every two to three
years. Therefore, the evaluation of the effects of local patent policies on patent output and
transformation has become an important part of local patent management.

Since 2010, China’s patent output has continuously increased [24,26]. According to
the China Science and Technology Statistical Yearbook 2020, the number of domestic patent
applications increased from 140,339 in 2010 to 4,195,104 in 2019, while the number of
domestic patents granted increased from 95,236 in 2010 to 2,474,406 in 2019. Over the
same period, the patent activities of universities have also shown a vigorous development
trend [27]. The number of patent applications from universities increased from 72,744 in
2010 to 340,685 in 2019, while the number of patents granted to universities increased from
37,490 in 2010 to 213,163 in 2019. However, whether the increase in local patent output is
caused by local patent policies remains a matter of dispute.

3. Literature Review and Hypotheses

Academia has different opinions on the impact of patent policies on patent output.
The mainstream view is that patent policies have a positive impact on patent output [20,28].
There is a positive relationship between the implemented patent subsidy policies and the
number of patents [14], and public patenting-promoting policies contribute effectively
to the motivation for regional utility patenting activities [29]. Similarly, patent policies
such as government subsidies can encourage patent filings directly [24]. China’s patent
policy is often regarded as an important factor driving the rapid increase in the number
of patent filings [26]. In the United States, the Bayh–Dole Act significantly increased the
number of university patents [17,18]. However, some studies show that patent policies
have no significant impact on patent output [15,30,31]. Additionally, patent policies may
have negative effects, as excessive protection policies decrease the pace of innovation [32].
Despite the above controversy, it is generally believed that public patenting-promoting
policies will promote the output of academic patents [20,27]. The role of patent policy in
promoting academic patent output has also been confirmed in Italy [33] and Germany [34].

Thus, we propose the following hypothesis:

Hypothesis 1. The incentive patent policy is positively related to the output of academic patents.

The impact of incentive patent policies on the commercialization of academic patents
is also a concern of the government, academia, and industry. In the United States, the Bayh-
Dole Act has greatly promoted the intellectual property work of American universities and
accelerated the pace of commercialization of academic patents [35,36]. Patent policy is an
important institutional factor affecting the commercialization of academic patents [33,37].
Regional patent policies also promote the commercialization of academic patents by uni-
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versity startups [38]. Some studies have pointed out that the impact of patent policy on the
commercialization of academic patents is not significant [20,39]. The goal of the incentive
patent policy is to promote the commercialization of academic patents. However, due
to the varying situations in different countries and regions, there are differences in the
effects of policies. It is generally believed that incentive patent policies have promoted the
commercialization of academic patents to a certain extent.

Thus, we propose the following hypothesis:

Hypothesis 2. The incentive patent policy is positively related to the commercialization of aca-
demic patents.

The geographic localization of knowledge spillovers is a central tenet in patent re-
search [40–42]. The impact of patent activities often crosses political boundaries (such as
national and provincial boundaries) and affects patent activities in neighboring regions [40].
Patent activities in universities not only have an impact on local development but also
spread to neighboring areas [43]. Local governments in neighboring regions compete with
each other to promote patent activities, leading to strategic interactions [44,45]. Neighbor-
ing local governments often learn from each other in policymaking, which leads to policy
diffusion [46,47]. When the implementation of a patent policy in one place promotes the
output and commercialization of academic patents, neighboring local governments will
quickly imitate and establish similar patent policies, thereby promoting the output and
commercialization of local academic patents. Therefore, academic patenting in universities
often has positive spatial spillover effects. The academic patent activities of universities in
one region will drive the academic patent activities of other neighboring regions. Thus, the
following two hypotheses are proposed.

Hypothesis 3. Academic patent output has a positive spatial spillover effect.

Hypothesis 4. The commercialization of academic patents has a positive spatial spillover effect.

Figure 1 shows a graphical representation of the proposed theoretical model and
the research hypotheses to be tested. The empirical test of the spatial spillover effect in
Hypothesis 3 and Hypothesis 4 is mainly realized through the significance of the spatial
lag term and the sign of the regression coefficient [48–50]. This analysis framework is set
based on the spatial difference-in-differences model and can handle the following three
different treatment effects: treatment effects based on patent incentive policies, spillover
effects within the experimental group, and spillover effects on the control group.

4. Materials and Methods
4.1. Data

This study used panel data from 31 provinces (autonomous regions and municipali-
ties directly under the central government) in mainland China from 2010 to 2019, with a
sample size of 310. The data were obtained from the China Statistical Yearbook from 2011
to 2020, while data related to the commercialization of academic patents came from the
Compilation of Science and Technology Statistics in Universities, compiled by the Science
and Technology Department of the Ministry of Education of China, from 2011 to 2020.
According to whether a significant provincial patent incentive policy was issued before
2019, 31 provinces across the country were divided into an experimental group and a
control group. The experimental group comprised 17 provinces, including Beijing and
Shanghai. The control group comprised 14 provinces, namely Hebei, Shanxi, Inner Mon-
golia, Heilongjiang, Jiangxi, Henan, Guangxi, Hainan, Guizhou, Yunnan, Tibet, Qinghai,
Ningxia, and Xinjiang.
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4.2. Variable Measurements

Explained variables: Although the number of patents has certain limitations in mea-
suring innovation capabilities, such as the inability to distinguish the quality of innovative
inventions, the number of patents is still an important indicator that is commonly used to
measure patent output [51,52]. In this research, there were two explanatory variables. The
first is the number of academic patents granted (NGP) in each province, a common indica-
tor of the output of academic patents [53], while the second is the commercialization rate
of academic patents (CAP), the number of academic patents sold divided by the number
of patents granted to the university. In empirical research, using the commercialization
rate instead of commercialization revenue to measure the degree of academic patent com-
mercialization can effectively overcome the impact of the number of academic patents for
more reasonable horizontal comparisons [16].

Explaining variables: There were four explanatory variables. GDP per capita is the
most commonly used indicator of the degree of economic development [54,55]. Therefore,
in terms of operational definition, GDP per capita (PGDP) is used as an indicator of the
degree of regional economic development. Second, the number of universities (NCU) in a
province is an important indicator of the level of local higher education development [56].
Third, the teacher/student ratio is used to measure the number of teachers for students [57].
Fourth, as enterprises above a designated size are generally large enterprises, the number
of enterprises above the designated size (NIE) is an indicator of the scale of large industrial
enterprises in a region. The composition and definitions of the relevant variables are
summarized in Table 1.
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Table 1. Variable symbols and definitions.

Variable Symbol Variable Explanation of Indicator

NPG Number of academic
patents granted

Number of academic patents granted in each
province

CAP Commercializing
academic patents

Number of academic patents sold divided by
number of patents granted in each province (%)

PGDP GDP per capita GDP per capita in each province
(unit: CNY 1000/person)

NCU Number of
universities Total number of universities in each province

TSR Teacher/student ratio Ratio of the number of teachers to the number of
students in local universities

NIE Large enterprises Number of large industrial enterprises above
designated size in each province (unit: 1000)

The descriptive statistics of the variables are summarized in Table 2.

Table 2. Descriptive statistics of variables.

Variable Obs Mean S.D. Min Max

NGP 310 3665.432 4257.293 1 27,989
CAP 310 3.223 3.596 0 30.77

PGDP 310 49.523 26.355 12.882 164.563
NCU 310 81.829 40.218 6 167
TSR 310 0.062 0.012 0.045 0.119
NIE 310 12.131 13.577 0.056 64.364

In addition, because of the need for policy evaluation, there is another key independent
variable, the policy variable. The dimensions of the incentive patent policy at the provincial
level in this article mainly comprise the patent grant award policy, patent application
funding policy, annual patent fee reduction policy, and university patent promotion policy.
The patent incentive policies issued by various provinces are generally comprehensive,
including patent output incentive policies and patent commercialization incentive policies.
In the same province, in different years, relevant patent policies are also revised and
improved. This research used a quasi-natural experimental method. In this study, the year
of the introduction and implementation of landmark major patent documents and policies
at the provincial level is regarded as the beginning of a provincial patent policy experiment.
For example, Sichuan, Shaanxi, Gansu, and Hunan introduced and implemented iconic
patent incentive policies in 2012. Therefore, for these four provinces, 2012 is the launch
year for the implementation of patent policy experiments.

The landmark incentive patent policies at the provincial level were collected using
information retrieval through the legal database (Peking University Magic Weapons),
provincial and National Patent Office website, and Baidu search engine. According to the
time when each province implemented the incentive patent policy, a policy variable (DID)
was constructed. To explore the strategic interactions between neighboring provinces, the
latitude and longitude data of provincial capital cities were also used in this research.

4.3. Method

The difference-in-differences model is an effective means of evaluating the effects
of specific policies and is one of the most popular approaches in economics and other
disciplines of social sciences [58,59]. The main purpose of policy effect evaluation is to
evaluate the changes in outcomes associated with a specific policy implementation [60].
Controlling background changes in outcomes that occur with time (e.g., secular trends
affecting outcomes) is a prerequisite for the scientific evaluation of specific policies [61,62].
The difference-in-differences approach has been increasingly applied to address this prob-



Sustainability 2021, 13, 13459 7 of 17

lem [22,63]. However, while the traditional DID model assumes the spatial independence
of observation objects [21,23], spatial autocorrelation is often observed in reality [64,65].
Therefore, it is necessary to include this spatial dependency in the DID method [66]. This
spatial difference-in-differences approach can effectively investigate the spatial spillover
effects of policies [67–70].

Strategic interactions exist between neighboring local governments, so they are spa-
tially dependent on each other [71,72]. Local governments’ implementation of technology
conversion encouragement policies will not only affect the commercialization of academic
patents in the province but also the commercialization of academic patents in neighboring
provinces. In previous research [66,70], spatial difference-in-differences models, including
the spatial dependence between neighboring provinces, were used to accurately assess the
impact of local government technology commercialization policies on the commercializa-
tion of academic patents. The model is as follows:

NGPit = C + ρWNGPit + β1PGDPit + β2NCUit + β3TSRit + β4NIEit + β5DIDit + εit, εit ∼ N
(

0, σ2 In

)
, i = 1, . . . , 31 (1)

CAPit = C + ρWCAPit + β1PGDPit + β2NCUit + β3TSRit + β4NIEit + β5DIDit + εit, εit ∼ N
(

0, σ2 In

)
, i = 1, . . . , 31 (2)

Here, DIDit is a combined dummy variable, the product of the two dummy variables
for the group and the patent policy of the local government, calculated as follows: DIDit =(

DID(1)
it − DID(1)

)
×

(
DID(2)

it − DID(2)
)

, where DID(1)
it is a dummy variable for the

group: DID(1)
it = 1, if it is the treated group province (implementing patent policies),

and DID(1)
it = 0 if it is not the treated group province; DID(2)

it is a dummy variable used

as a local patent policy: DID(2)
it = 1 if it is from the year when the local patent policy

was implemented and every year thereafter, and DID(2)
it = 0 in the previous year; and

DID(1) and DID(2) are the means of the series of two dummy variables, respectively.
Moreover, W is the spatial weight matrix. The inverse-distance space weight matrix was
used: Wij = 1/dij, where dij is the distance from province i to province j.

According to Hypotheses 1 and 2, β5 in Equations (1) and (2) should be significant and
positive. In spatial econometrics, the spatial lag term is generally introduced to test the spa-
tial spillover effects between neighboring regions [73,74]. When the regression coefficient
of the spatial lag term of the target variable is significant and positive, there is a positive
spatial spillover effect [51,52]. According to Hypotheses 3 and 4, ρ in Equations (1) and (2)
should be significant and positive.

5. Results
5.1. Empirical Results

The regression results are shown in Table 3. In Models 1 and 2, NCG is the explained
variable, which corresponds to Equation (1), while in Models 3 and 4, CAP is the explained
variable, which corresponds to Equation (2). In addition, Models 1 and 3 are fixed-effects
models, and Models 2 and 4 are random-effects models. In the empirical test, to control for
the influence of the time factor, the relevant years were also entered into the model as the
time variable.

Table 3 reports the effects of regional patent policies on local academic patenting and
commercialization under the spatial difference-in-differences models. The Hausman test
of Models 1 and 2 is significant (δ2 = 44.32, p = 0.001). The Hausman test of Models 3 and
4 is significant (δ2 = 31.62, p = 0.001). In both cases, the fixed-effects model is better than
the random-effects model. Therefore, the fixed-effects models (Model 1 and Model 3) were
mainly used in this research. At the same time, the random-effects model was used as a
reference.

According to Table 3, in all four models, the regression coefficients of DID are sig-
nificant and positive. This shows that the patent policies promulgated and implemented
by local governments have an obvious promotion effect on the academic patenting of
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universities and the commercialization of academic patents. The regression coefficient of
DID in Model 1 is 1592.831 and significant. Thus, Hypothesis 1 was confirmed. Similarly,
the regression coefficient of DID in Model 3 is 4.394 and significant. Thus, Hypothesis 2
was confirmed. This shows that the patent policies implemented by the local government
have a greater role in promoting academic patenting of universities than in promoting the
commercialization of academic patents. This result is consistent with the research of Gong
and Peng [20].

Table 3. Results of empirical estimation.

NGP CAP

Model 1 Model 2 Model 3 Model 4

Fixed-Effects Random-Effects Fixed-Effects Random-Effects

PGDP 82.174 *** (5.91) 77.775 *** (5.93) 0.048 * (1.65) 0.049 ** (2.31)
NCU 200.218 *** (8.46) 82.571 *** (5.16) 0.195 *** (3.92) 0.018 (1.17)
TSR 10,9274.4 *** (3.53) 72,722.79 ** (2.55) 230.979 *** (3.61) 18.035 (0.38)
NIE −79.33 *** (−2.74) −52.884 * (−1.83) −0.135 ** (−2.24) −0.091 ** (−2.2)
DID 1592.831 ** (2.28) 1788.006 ** (2.48) 4.394 *** (3.02) 3.251 ** (2.24)
Year
2011 −961.286 *** (−2.85) −621.957 * (−1.75) −2.409 *** (−3.19) 0.692 (0.88)
2012 −1253.776 *** (−3.47) −793.466 ** (−2.09) −3.662 *** (−4.18) 1.364 (1.45)
2013 −1823.482 *** (−4.68) −1158.333 *** (−2.85) −4.572 *** (−4.76) 1.684 (−4.19)
2014 −2287.648 *** (−5.46) −1473.854 *** (−3.42) −5.363 *** (−4.97) 2.193 * (1.89)
2015 −2285.566 *** (−4.68) −1319.266 ** (−2.63) −5.979 *** (−5.02) 2.586 ** (2.02)
2016 −2543.942 *** (−4.56) −1414.3 ** (−2.48) −6.09 *** (−4.94) 2.172 * (1.69)
2017 −3041.546 *** (−4.79) −1727.648 *** (−2.68) −6.349 *** (−4.9) 1.441 (1.12)
2018 −3434.307 *** (−4.76) −1964.061 *** (−2.7) −6.84 *** (−4.8) 1.258 (0.91)
2019 −3547.43 *** (−4.34) −1999.035 ** (−2.44) −6.284 *** (−4.17) 0.168 (0.12)
_cons −12,055.71 *** (−5.44) −8.427 ** (−2.41)

ρ 0.652 *** (7.89) 0.616 *** (−7.2) 0.419 ** (2.58) 1.864 * (1.77)

Sigma_u 2487.897 2.12
Sigma_e 1184.726 1242.324 2.467 2.616

Log likelihood −2374.658 −2710.131 −649.134 −757.967
Wald χ2 984.06 *** 835.83 *** 170.13 *** 217.5 ***

Pseudo R2 0.325 0.64 0.096 0.21
Wald test of spatial terms 62.25 *** 52.83 *** 6.66 ** 100.93 *

Note: *, **, and *** are significant at 0.1, 0.05, and 0.001, respectively.

In the four models in Table 3, the regression coefficients (ρ) of the spatial lag of the
independent variable are all significant and positive. This shows that the promulgation
and implementation of patent policies by local governments have not only promoted the
academic patenting of universities and the commercialization of academic patents in the
province but have also had a spatial spillover effect, driving the academic patenting and
commercialization of academic patents in neighboring provinces. In Model 1, ρ is 0.652
and significant, indicating that when the neighboring provinces increase the number of
granted academic patents by an average of 1, the number of granted academic patents
in the target province increases by 0.642. Thus, Hypothesis 3 was confirmed. In Model
3, ρ is 0.419 and significant, indicating that when the commercialization rate of academic
patents by neighboring provinces increases by 1%, on average the commercialization rate
of academic patents in the target province increases by 0.419%. Thus, Hypothesis 4 was
confirmed. There are therefore strategic interactions between neighboring provinces; they
are not independent of each other [71,72,75]. When a province implements a patent policy
that promotes local academic patenting and the level of commercialization, neighboring
provinces will imitate it and implement similar patent policies, which will promote local
academic patenting and commercialization. To a certain extent, this spatial spillover effect
stems from policy diffusion [76,77].

In addition, in Models 1 and 3, the regression coefficients of PGDP are both significant
and positive. This shows that the more developed the local economy, the higher the de-
gree of academic patenting and commercialization of universities. In Models 1 and 3, the
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regression coefficients of NCU are both significant and positive. This reflects the agglom-
eration effect of universities [78]. The spatial agglomeration of universities is beneficial
for innovation and commercialization of academic patents. In Models 1 and 3, the regres-
sion coefficients of the TSR are both significant and positive. Generally, universities with
relatively high teacher/student ratios are often research-oriented universities that focus
on scientific research [79,80]. Therefore, they are more likely to produce academic patents
and commercialize them [81]. In Models 1 and 3, the regression coefficients of the NIE are
both significant and negative. Large industrial companies generally conduct independent
research and development and rarely purchase patents from universities [82,83]. Therefore,
they will have a restraining effect on academic patenting and commercialization. In Models
1 and 3, all the regression coefficients of the year dummy variables are significant, which
shows that the time factor has been effectively controlled.

The provincial patent policy is designed to encourage local enterprises and universities
to improve their intellectual property innovation and transformation capabilities, which has
a direct impact on local academic patenting and commercialization [19]. At the same time,
it will also have an indirect effect on the production and commercialization of academic
patents, through such routes as increasing university funding and promoting industry–
university cooperation [84,85]. In Table 3, the direct, indirect, and total effects of the patent
policies are estimated. The results are summarized in Table 4.

Table 4. Results of policy effect testing.

NGP CAP

Model 1 Model 2 Model 3 Model 4

Fixed-Effects Random-Effects Fixed-Effects Random-Effects

Direct Effect 1662.371 ** (2.28) 1851.767 ** (2.48) 4.444 *** (3.02) 3.392 ** (2.36)
Indirect Effect 2719.377 * (1.78) 2617.57 * (1.88) 2.914 (1.38) 1.305 (1.13)

Total Effect 4381.748 ** (2.04) 4469.337 ** (2.21) 7.358 ** (2.4) 4.697 ** (2.11)
Note: *, **, and *** are significant at 0.1, 0.05, and 0.001, respectively.

According to Table 4, the direct and total effects of patent policies are both significant
and positive. This is consistent with the results presented in Table 3. Provincial patent
policies have a positive effect on the respective province’s academic patenting and com-
mercialization. In terms of indirect effects, the indirect impact of the province’s patent
policies on the number of granted academic patents in the province is positive and sig-
nificant, also indicating indirect promotion of the production of academic patents in the
province through other channels. However, Table 4 shows that the indirect impact of the
patent policies implemented in a province on the commercialization of academic patents is
not significant. This shows that the patent policies have limited ways of influencing the
commercialization of local academic patents.

5.2. Placebo Test

The above empirical results show that the implementation of patent policies in the
province has a stimulating effect on the output and commercialization of local academic
patents. However, this stimulus effect may be due to the fact that patent policies are merely
proxies for other variables that characterize the systemic differences between provinces that
implement patent policies and those that do not. To this end, the following placebo test is
needed: Assuming that the implementation time of the provincial patent policy is one year
earlier or one year later, whether these virtual patent policy variables affect the output and
commercialization of academic patents is examined. If the patent policy represents other
variables that characterize the persistent differences between the two types of provinces,
then the coefficient of this variable is statistically significant. Fixed-effects models were
used here. The test results are provided in Table 5.



Sustainability 2021, 13, 13459 10 of 17

Table 5. Results of placebo tests.

NGP CAP

Model 5 Model 6 Model 7 Model 8

1 Year Earlier 1 Year Later 1 Year Earlier 1 Year Later

PGDP 82.595 *** (5.92) 82.703 *** (5.96) 0.049 * (1.68) 0.049 * (1.7)
NCU 201.749 *** (8.5) 199.52 *** (8.44) 0.199 *** (3.98) 0.195 *** (3.91)
TSR 106,525.2 *** (3.43) 109,694.8 *** (3.55) 223.24 *** (3.48) 230.945 *** (3.6)
NIE −81.847 *** (−2.82) −76.23 *** (−2.63) −0.141 ** (−2.33) −0.131 ** (−2.15)
DID 1480.638 * (1.82) 1624.062 ** (2.5) 4.687 *** (2.77) 3.724 *** (2.74)
Year
2011 −1040.216 *** (−3.06) −926.287 *** (−2.75) −2.669 *** (−3.49) −2.31 *** (−3.06)
2012 −1308.451 *** (−3.55) −1151.406 *** (−3.2) −3.89 *** (−4.34) −3.353 ** (−3.86)
2013 −1809.462 *** (−4.61) −1749.289 *** (−4.55) −4.614 *** (−4.75) −4.289 *** (−4.53)
2014 −2320.063 *** (−5.43) −2285.898 *** (−5.47) −5.556 *** (−5.04) −5.238 *** (−4.9)
2015 −2276.9 *** (−4.62) −2236.36 *** (−4.62) −6.059 *** (−5.02) −5.723 *** (−4.88)
2016 −2541.707 *** (−4.52) −2541.362 ** (−4.57) −6.181 *** (−4.95) −5.951 *** (−4.86)
2017 −3044.824 *** (−4.77) −3039.48 *** (−4.8) −6.447 *** (−4.92) −6.224 *** (−4.83)
2018 −3443.006 *** (−4.75) −3433.771 *** (−4.77) −6.951 *** (−4.83) −6.722 *** (−4.74)
2019 −3564.955 *** (−4.34) −3546.779 *** (−4.35) −6.407 *** (−4.22) −6.186 *** (−4.11)

ρ 0.654 *** (7.91) 0.65 *** (−7.86) 0.41 ** (2.5) 0.432 *** (2.71)

Sigma_e 1188.505 1182.673 2.473 2.473

Log likelihood −2375.575 −2374.145 −649.826 −649.908
Wald χ2 976.29 *** 988.22 *** 167.69 *** 167.99 ***

Pseudo R2 0.323 0.325 0.095 0.093
Wald test of spatial terms 62.63 *** 61.76 *** 6.23 ** 7.33 ***

Note: *, **, and *** are significant at 0.1, 0.05, and 0.001, respectively.

According to Table 5, in all four models, the regression coefficients of DID are signifi-
cant and positive. By comparing Models 5 and 6 in Table 5 with Model 1 in Table 3, it can
be seen that the regression coefficient values of DID are similar, and by comparing Models
7 and 8 in Table 5 with Model 1 in Table 3, it can be seen that the regression coefficient
values of DID are similar. This shows that even if those provinces did not implement patent
policies in these years, the local academic patent output and commercialization would be
stronger. It can be seen that the implementation of patent policies in the province is not the
fundamental factor promoting the output and commercialization of local academic patents
but is merely a proxy for other variables. Provincial patent policies have a placebo effect
on this process, hiding more than they reveal [86].

Nevertheless, the spatial spillover effect produced by the provincial patent policies is
significant. In the four models in Table 5, the regression coefficients (ρ) of the spatial lag of
the independent variable are all significant and positive. This shows that provincial patent
policies will have a positive impact on neighboring provinces as well as a positive effect
on local academic patent output and commercialization. When a province implements a
patent policy, it is a signal to the neighboring provinces to implement similar policies to
promote academic patent output and commercialization [87]. It appears that this signaling
mechanism of provincial patent policies has considerable promise for generating novel and
powerful insights into inter-provincial competition and interaction.

5.3. Robustness Test

One of the problems faced by this spatial difference-in-differences approach is whether
the results of the regression change as the spatial weight matrix changes. If the regression
results do not change significantly, this indicates that the results obtained by the regression
are robust. In the robustness test in this study, the spatial inverse-distance contiguity
weight was used in the form of the spatial inverse-distance contiguity matrix, a weighting
matrix that contains the inverse distance for neighbors and 0 for others [48]. After replacing
the spatial inverse-distance matrix with the spatial inverse-distance contiguity matrix, we
estimated Models 1 and 3 in Table 3 again; the results are summarized in Table 6. Detailed
results are presented in Appendix A.
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Table 6. Results of empirical estimation with spatial inverse-distance contiguity weight.

NGP CAP

Model 9 Model 10

Fixed-Effects Fixed-Effects

DID 1335.697 ** (1.98) 4.19 *** (2.91)
ρ 0.457 *** (8.5) 0.325 *** (3.4)

Log likelihood −2365.264 −646.419
Wald χ2 1062.18 *** 179.34 ***

Pseudo R2 0.36 0.076
Wald test of spatial terms 72.32 *** 11.54 **

Note: **, and *** are significant at 0.05, and 0.001, respectively.

Comparing Model 9 in Table 6 with Model 1 in Table 3, it can be seen that the regression
coefficients of DID are positive, and the values are relatively close. In both models, the
regression coefficients (ρ) of the spatial lag of the independent variable are significant and
positive. Similarly, comparing Model 10 in Table 6 with Model 3 in Table 3, it can be seen
that the regression coefficients of DID are positive and the values are relatively close. In
both models, the regression coefficients (ρ) of the spatial lag of the independent variable
are significant and positive. This shows that even if the spatial weight matrix is replaced,
the main results in Table 3 are essentially unchanged.

In addition, the placebo test was performed again using the spatial inverse-distance
contiguity weight matrix. The results are summarized in Table 7, and detailed results are
presented in Appendix B. Comparing Tables 5 and 7, we note that, except for the regression
coefficients (ρ) of the spatial lag of the independent variable in Table 7 not being significant,
Table 7 basically replicates Table 5. This shows that even if the spatial weight matrix is
replaced, the placebo effect and spatial spillover effect still exist without much change.
Therefore, on the whole, the conclusions of this study are relatively robust.

Table 7. Results of placebo tests with spatial inverse-distance contiguity weight.

NGP CAP

Model 11 Model 12 Model 13 Model 14

1 Year Earlier 1 Year Later 1 Year Earlier 1 Year Later

DID 1156.851 (1.47) 1383.757 ** (2.2) 4.313 *** (2.57) 3.692 *** (2.76)
ρ 0.459 *** (8.52) 0.455 *** (−8.48) 0.315 *** (3.27) 0.34 *** (3.59)

Sigma_e 1146.609 1182.673 2.444 2.436

Log likelihood −2375.575 −2364.803 −647.327 −646.844
Wald χ2 1054.31 *** 1066.33 *** 176.11 *** 178.36 ***

Pseudo R2 0.358 0.36 0.077 0.077
Wald test of spatial terms 72.66 *** 71.89 *** 10.71 *** 12.89 ***

Note: **, and *** are significant at 0.05, and 0.001, respectively.

6. Discussion
6.1. Theoretical Implications

This research has important theoretical implications, including the following:
This research examined the impact of incentive patent policies on academic patent

activities, effectively compensating for the deficiencies of existing research. The impact of
incentive patent policies on academic patent activities has been controversial. Proponents
of these policies believe that they promote the output and commercialization of academic
patents [17,18,33]. Opponents of the policy believe that these policies have no obvious
effect on academic patent output and commercialization and may even have a negative
effect [15,31,39]. The focus of the above disputes is the empirical evidence on which they
are based, and most of this evidence results from correlation tests rather than causality
tests. This study found that the relationship between incentive patent policies and aca-
demic patent output is positive and significant, in line with previous research [17,18,20].
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In addition, the relationship between incentive patent policies and the commercializa-
tion of academic patents is positive and significant. This result corroborates previous
research [33,37]. Therefore, this research supports the views of these policy supporters.

However, this correlation does not necessarily mean that a causal relationship can be
established between academic patent activities and incentive patent policies. This study
further found that incentive patent policies appear to play a placebo role in academic
patent activities. Provincial patent policies are merely proxies for other variables that
characterize the systemic differences in patent policies between provinces. It can be seen
that the correlation between the incentive patent policies and academic patent activities on
which policy supporters are based hide more than they reveal [86]. Therefore, this research
supports the views of policy opponents [15,31,39]. In fact, the theoretical contribution of
this study does not lie in the party it supports, but in testing whether there is a causal
relationship between the policy and academic patent activities. This is the key to evaluating
the policy effects. The existence of the placebo effect of incentive patent policies can
effectively expand the theory of patent policy evaluation, which helps consolidate the
scientific foundation of patent policy evaluation.

In addition, this study reveals the spatial spillover effect of academic patent activities.
If a province implements incentive patent policies to improve academic patent activities,
this will have a positive spillover to neighboring provinces, causing them to imitate these
policies and promote academic patent activities. This positive spatial spillover effect may
come from policy imitation between local governments [88], geographic proximity [40–42],
regional competition [44,45,89], and policy learning [46,47]. This shows that neighboring
local governments have strategic interactions with each other to promote academic patent
activities. Therefore, when evaluating the effects of patent policies, it is not appropriate to
independently evaluate the effectiveness of local governance, but rather a comprehensive
evaluation from a regional perspective should be conducted.

In terms of empirical research methods, the traditional difference-in-differences model
can only deal with one type of treatment effect, which is the policy treatment effect [22,23,59].
This study introduces spatial autocorrelation into the traditional difference-in-differences
model, so it can deal with spillover effects in quasi-natural experiments. This is an important
expansion and breakthrough for the traditional difference-in-differences method. This spatial
difference-in-differences method can be applied to other contexts, such as air pollution policy
evaluation and regional child education subsidy policy evaluation. As long as it is possible
that there are both policy treatment effects and spatial spillover effects, this method can be
used to carry out quasi-natural experimental research.

In addition to policy evaluation, this research also analyzed the factors affecting the
output and commercialization of regional academic patents, finding that the regional
economic development level, number of universities, and teacher/student ratio have
positive impacts on the output and commercialization of academic patents, while the
relationship between the number of regional large-scale enterprises and academic patent
activities is negative. Regional academic patent output and commercialization activities
are embedded in regional economic, educational, and industrial systems. This is consistent
with the prediction of the social embeddedness theory [89,90]. Research on academic patent
activities based on the social nesting perspective effectively expands the scope of traditional
academic patent theories [20,33,37,39], helping reveal the antecedents of academic patent
output and commercialization.

6.2. Managerial and Policy Implications

This study has strong managerial and policy implications. First, when the government
introduces and implements incentive patent policies, it must master the internal laws of
academic patent activities of universities and design and implement targeted patent policies
in order to achieve the expected results. Second, the effectiveness of the incentive patent
policy system depends not only on the static system but also on the entire policy process
and even more so on the policy environment. Therefore, to improve policy effectiveness, it
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is necessary to improve supporting measures such as taxation and finance by promoting
the coordination of different elements in the entire patent policy system. Third, when
formulating and implementing incentive patent policies, it is necessary to strengthen inter-
provincial cooperation and coordination, promote inter-provincial spillover and reciprocity,
and jointly improve regional academic patent output and commercialization.

7. Conclusions

Based on data from 31 provinces of China from 2010 to 2019, a spatial difference-in-
differences approach was adopted in this study to investigate the impact of incentive patent
policy on academic patent output and commercialization in China, showing that incentive
patent policies are positively related to academic patent output and commercialization.
However, due to the placebo effect, the promotion of academic patent activities cannot be
simply attributed to incentive patent policies. In addition, this study shows that there is a
positive spatial spillover effect in the academic patent activities of neighboring provinces.
The current study has certain limitations. While it used provincial-level data, city-level
or county-level data might be used in the future. Research at the university level is also
an important research direction for the future. If relevant data at the university level are
available, the impact of policies such as the technology transfer office on the output and
commercialization of academic patents can be tested, as well as the impact of the size of
the engineering and technology department in the university. Current research lacks cross-
provincial commercialization data of academic patents. In the future, relevant information
can be collected through surveys to investigate the cross-provincial commercialization
of academic patents. Moreover, the current study is limited to China, and there is no
international comparison. In the future, comparative studies with other countries should
be conducted. In this study, the patent policy does not distinguish between patent output
incentive policies and patent commercialization incentive policies. In the future, patent
policies can be further subdivided to distinguish the effects of the above two different
patent policies on academic patent activities. Finally, this study did not involve the quality
of patents. In the future, variables that measure patent quality can be introduced to study
the impact of patent incentive policies on patent quality. These new research directions will
help to further verify the main research results of this research and yield richer research
innovations in the future.
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Appendix A. Results of Estimation and Robustness Test from 2010 to 2017

Table A1. Results of empirical estimation.

NGP CAP

Model 9 Model 10

Fixed-Effects Fixed-Effects

PGDP 81.675 *** (6.08) 0.04 (1.39)
NCU 198.492 *** (8.69) 0.209 *** (4.22)
TSR 109,027.4 *** (3.65) 240.003 *** (3.79)
NIE −71.343 ** (−2.55) −0.127 ** (−2.13)
DID 1335.697 ** (1.98) 4.19 *** (2.91)
Year
2011 −799.032 ** (−2.47) −2.676 *** (−3.81)
2012 −908.811 *** (−2.66) −4.111 *** (−5.41)
2013 −1379.384 *** (−3.78) −5.103 *** (−6.25)
2014 −1824.466 *** (−4.64) −5.99 *** (−6.7)
2015 −1479.94 *** (−3.4) −6.654 *** (−6.81)
2016 −1551.978 *** (−3.18) −6.71 *** (−6.35)
2017 −1889.571 *** (−3.43) −6.878 *** (−5.91)
2018 −2105.03 *** (−3.38) −7.363 *** (−5.67)
2019 −2031.186 *** (−2.89) −6.633 *** (−4.62)
_cons

ρ 0.457 *** (8.5) 0.325 *** (3.4)

Sigma_e 1143.274 2.435

Log likelihood −2365.264 −646.419
Wald chi2 1062.18 *** 179.34 ***
Pseudo R2 0.36 0.076

Wald test of spatial terms 72.32 *** 11.54 **

Note: *, **, and *** are significant at 0.1, 0.05, and 0.001, respectively.

Appendix B

Table A2. Results of placebo tests.

NGP CAP

Model 11 Model 12 Model 13 Model 14

1 Year Earlier 1 Year Later 1 Year Earlier 1 Year Later

PGDP 82.027 *** (6.09) 82.124 *** (6.13) 0.041 (1.43) 0.041 (1.43)
NCU 199.759 *** (8.72) 197.899 *** (8.67) 0.212 *** (4.26) 0.21 *** (4.23)
TSR 106,702.4 *** (3.57) 109,446.8 *** (3.67) 232.4 *** (3.66) 240.694 *** (3.8)
NIE −73.633 *** (−2.63) −68.646 ** (−2.45) −0.133 ** (−2.23) −0.122 ** (−2.03)
DID 1156.851 (1.47) 1383.757 ** (2.2) 4.313 *** (2.57) 3.692 *** (2.76)
Year
2011 −861.139 *** (−2.64) −769.299 ** (−2.38) −2.915 *** (−4.09) −2.578 *** (−3.66)
2012 −946.946 *** (−2.72) −822.964 ** (−2.43) −4.311 *** (−5.54) −3.815 ** (−5.06)
2013 −1359.85 *** (−3.7) −1318.562 *** (−3.66) −5.125 *** (−6.21) −4.842 *** (−6.02)
2014 −1841.402 *** (−4.6) −1825.342 *** (−4.66) −6.151 *** (−6.72) −5.885 *** (−6.62)
2015 −1462.864 *** (−3.33) −1441.003 *** (−3.34) −6.707 *** (−6.76) −6.422 *** (−6.66)
2016 −1540.6 *** (−3.13) −1552.708 ** (−3.2) −6.774 *** (−6.32) −6.592 *** (−6.27)
2017 −1883.072 *** (−3.39) −1890.709 *** (−3.44) −6.95 *** (−5.9) −6.773 *** (−5.84)
2018 −2103.322 *** (−3.36) −2107.435 *** (−3.39) −7.448 *** (−5.67) −7.264 *** (−5.6)
2019 −2037.11 *** (−2.88) −2033.422 *** (−2.9) −6.731 *** (−4.65) −6.551 *** (−4.57)

ρ 0.459 *** (8.52) 0.455 *** (−8.48) 0.315 *** (3.27) 0.34 *** (3.59)

Sigma_e 1146.609 1182.673 2.444 2.436

Log likelihood −2375.575 −2364.803 −647.327 −646.844
Wald chi2 1054.31 *** 1066.33 *** 176.11 *** 178.36 ***
Pseudo R2 0.358 0.36 0.077 0.077

Wald test of spatial terms 72.66 *** 71.89 *** 10.71 *** 12.89 ***

Note: **, and *** are significant at 0.05, and 0.001, respectively.
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