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Abstract—In this paper, from a new perspective of the
heterogeneity of enterprise R&D cooperation, based on resources
complementary theory and the theory of competition and
cooperation, reviews and summarizes the current researches on
the relationship between heterogeneous R&D cooperation and
patent quality, as well as reviews and summarizes the research on
the influence of external situational factors intellectual property
protection and internal situational factors' absorptive capacity on
the quality of heterogeneous R&D cooperation and patent.
Finally, this paper summarizes the future research direction and
emphasis.
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l. INTRODUCTION

A. From "Quantity Pushing Type" to "Quality Climbing
Type": the Paradigm Transformation of Knowledge
Creation of Chinese Enterprises

In the era of economic globalization, with the rapid
development of science and technology, enterprises urgently
need to obtain market advantages through technological
competition. As an important expression of intellectual
property, patent is an important strategic point that enterprises
must grasp. Therefore, enterprises pay more attention to the
protection of patent rights, and patent R&D strategy is
gradually promoted from "quantity promotion” to "quality
promotion". Fierce competition makes enterprises realize that
although the number of patents is important, the quality of
patents is more important [28]. High-quality patents help
enterprises develop products with high value, seize market
share and obtain benefit guarantee. At the same time, high-
quality patents help enterprises reduce or avoid patent litigation
disputes, provide legal protection for the mass production and
sales of commercial products, enable enterprises to win the
market reputation, and save a lot of costs for enterprises. At the
same time, enterprises can make R&D direction and strategic
arrangement according to high-quality patents, identify
competitors and their key profitable technologies, and win
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competitive advantages [39]. Therefore, it is particularly
important to study the impact of heterogeneous R&D
cooperation on patent quality and the impact of patent quality
on the process of enterprises choosing partners for R&D.

B. From Closed Innovation to Open Innovation: a New Path
of Innovation-driven Development

Although many enterprises, such as Huawei and Geely
Company, have successfully acquired innovation capabilities
through open innovation, gained market advantages and profits
from cooperative innovation, they are still many enterprises
hesitant when facing the choice of R&D partners or fail to
achieve expected results even if they carry out open innovation.
Although the role of open innovation has been widely
recognized and accepted, there is still a lack of clear strategic
guidance and relevant experience accumulation in practice, the
most prominent problem is the choice of R&D partners [40].
Different types of organizations have different technology and
knowledge structures. Universities are knowledge-oriented,
while enterprises are technology-oriented. Differences in
partners bring more uncertainties to enterprises’ R&D
cooperation and innovation [25]. What is the relationship
between partner difference and enterprise innovation capability
and how enterprises should choose suitable R&D partners has
become an urgent problem in theory and enterprise practice.
The research on the relationship between the organizational
difference of partnership and patent quality can provide
important decision-making basis for enterprises to choose
partners of different organizational types in the practice of
heterogeneous cooperative R&D, and open up new paths for
enterprises to innovate and develop.

C. Cooperative R&D Seeks to Improve the Quality of
Knowledge Innovation, and the Enterprise Faces Multiple
Decision-making Difficulties
In practice, due to the high risk, complexity and uncertainty

of the innovation process itself [48], most enterprises are still

follow the traditional pattern of innovation-the idea that
innovation is the enterprise's own internal things, enterprises
should rely on their ability to innovate, and to gain competitive
advantage, enterprise is not willing to take risks in uncertain
environment for innovation, and the result is that enterprise's
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innovation and innovation efficiency is much lower than
expected, lead to enterprise investment without reward, thereby
inhibition of enterprise innovation. In order to realize the
further improvement of innovation ability and innovation
performance, the important role of innovation environment
cannot be ignored. Corresponding effective measures should be
taken according to the actual situation to adapt to the
innovation environment and improve the innovation ability
[37]. So the enterprise in the process of R&D cooperation
promote enterprise's patent quality really affected by what kind
of situation, How to avoid the high risk, complexity and
uncertainty of enterprise innovation process, and help
enterprises to identify risks in R&D cooperation and the
environment and encourage enterprises to R&D of more
effective cooperation, has become a problem in today's
enterprises pay close attention to.

Il.  RESEARCH TRENDS AND COMMENTS

A. Definition of Patent Quality and Development of Its
Measurement Methods

At present, it is difficult to define the patent quality, and
there is no uniform definition for the research of domestic and
foreign scholars. In summary, domestic and foreign researches
have similarity evaluation angles based on different subjects'
patent quality, one is based on the patent quality of examiners,
the other is based on the patent quality of users. Based on the
examiners' patent quality, the patent application is evaluated
from the perspective of whether it conforms to the standard
stipulated by law, and the quality of the patent is guaranteed
through the strict patent examination system. Foreign scholar
Wagner (2009) believes that patent quality is used to measure
whether the authorized patent meets the criteria of patentability,
especially the sufficient description of innovation, novelty and
practicability. Song Hefa (2010) believes that the quality of a
patent is a patent with high technical level, good writing, and
can withstand review, invalidation and litigation procedures
with greater market value. Thomas (2002) holds that high-
quality patents refer to valid patents that can be enforced by the
court and can stand up to challenges in the case of patent
litigation, and can be used as reliable tools for technology
transfer. The technical quality of patent refers to the
importance and advancement of the patented technology itself.
Wan Xiaoli (2009) defined patent quality as: the importance of
patented technology to users' competitiveness. The more
advanced a technology is, the more important it is to users'
competitiveness, and the higher its patent quality. The
economic quality of patent refers to the market application
value and economic prospect of the patented technology. Hall
and Harhof (2004) believe that high-quality patents are patents
that can commercialize valuable inventions. The ultimate
purpose of enterprise patent quality measurement is to guide
enterprises to know and improve their innovation ability.

Trajtenberg (1990) first proposed using the number of
patent citations to evaluate the quality of patents. In China,
since Gao Shanxing and Guo Huatao (2002) first used the
patent maintenance rate evaluation, Zhu Xuezhong, Wan
Xiaoli, and other scholars have conducted a series of scientific
studies on the patent quality measurement indicators, and then
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the empirical research developed together with related
indicators and indicator system research, promoting the
continuous deepening of this research field. Subsequently,
more and more scholars, such as STERZI (2013), Bian Yali
(2013), Hu Die (2015) and Li Qiang (2016), adopted patent
citation in their researches to study the quality of enterprise
patents. It can be seen that this measurement method is
relatively mature at present. Although there are many ways to
evaluate the quality of patents, many scholars believe that
patent citation is an effective way to measure the quality of
patents by the number of citations.

B. Research Results on the Relationship Between
Heterogeneous R&D Cooperation and Patent Quality
Based on Multiple Theories

Heterogeneous R&D cooperation refers to the degree of
differentiation and diversification of cooperative objects in the
process of R&D cooperation. In the process of enterprise
innovation, the most direct face is the external partner of
different types of organizations, the classification of partners is
a hot issue in research. More scholars in different ways to
classify corporate partner organization heterogeneity, such as
Nieto&Santamaria (2007) divided external heterogeneous
partners into four categories: customers, supply chain
cooperation, competitors' cooperation and research institutions
in the process of studying the impact of cooperative network
heterogeneity on product innovation, and Tijssen (1998)
divided the organizational heterogeneity of partners into public
organizations and private organizations according to the
purpose of organizational operation. The research results on the
relationship between heterogeneous R&D cooperation and
patent quality are as follows:

Based on relevant researches of resource-based theory,
some scholars believe that the essence of heterogeneous R&D
cooperation is to obtain heterogeneous resources from the
outside. Competitive enterprises, universities and research
institutions, as the source and growth point of leading
technologies, are an effective way for enterprises to acquire
external technical capabilities [7]. Industry-university-research
cooperation can make full use of this approach to enhance
enterprise innovation performance and innovation ability.
Therefore, for an enterprise, the diversity of cooperation types
and cooperation scope of its partners will have a positive
impact on its internal technology innovation ability [43]. For
enterprises, the diversity of R&D partners can help them
acquire more heterogeneous resources and improve their
innovation ability [13].

Based on relevant researches on the resource
complementarity theory, some scholars believe that the
fundamental purpose of enterprises’ heterogeneous R&D
cooperation is to obtain complementary resources [46], which
will have a positive impact on the quality of patents. Due to the
big difference in technical information between enterprises and
universities, the purpose of patent production is different [26].
Compared with  cooperation  with  enterprises, the
complementary resources obtained by school-enterprise
cooperation will be relatively reduced, and the decoupling of
scientific research and practical application will make a large
number of scientific research achievements produced by
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research institutions often remain at the theoretical level [44].
The realization of patent value depends on the cooperation of
commercial complementary assets, and the cooperation with
universities will lead to the reduction of commercial
complementary assets obtained by enterprises [46], so the
cooperation between enterprises is more conducive to
improving the quality of patents.

The research based on the knowledge-based theory points
out that enterprises choose to cooperate with colleges and
universities to obtain more heterogeneous knowledge, which is
conducive to the fundamental innovation of enterprises.
Therefore, the cooperation between enterprises and universities
can improve the quality of patents. Working with an
organization helps the company acquire information,
knowledge about potential partners and coordinate transactions
between two or more parties [1]. While the cooperation among
enterprises is becoming more competitive and protective,
actions will be taken in the process of cooperation, which will
hinder knowledge or information exchange between partners.
Even partner companies may try to lure outstanding scientists
or researchers of other partner companies, resulting in serious
leakage of core knowledge of the cooperative company [19],
school-enterprise cooperation is more conducive to improving
the quality of enterprise patents

In summary, most of the research conclusions about the
role of heterogeneity in R&D tend to have a positive impact on
the quality of patents. However, when it comes to the selection
of R&D partners, there are some differences in the research
conclusions on the influence of competitive cooperation and
non-competitive cooperation on patent quality. Some scholars
believe that competitive R&D cooperation between enterprises
is more conducive to improving the quality of enterprises'
patents, while others believe that non-competitive R&D
cooperation between enterprises and universities is more
conducive to improving the quality of patents. This has a lot to
do with the different situational factors in which the enterprise
is situated, for example, the intellectual property protection
intensity [16], environmental dynamics [24], and government
subsidies [11] of the external environment; and the absorption
capacity [21], exploration and utilization learning [23],
financing constraints [10] of internal environment. However,
there is a lack of research on the impact of situational factors
on the type of joint R&D cooperation on patent quality, which
is the focus of future research. The existing literature mainly
compares the cooperation between enterprises and the impact
of the cooperation between enterprises and universities and
scientific research institutions on the quality of patents, but
lacks a comparative study on the effectiveness of the
cooperation between enterprises and domestic and foreign
enterprises, universities and scientific research institutions.

Different conclusions on the influence of intellectual
property protection level on enterprise R&D innovation.

C. Different Conclusions on the Influence of Intellectual
Property Protection Level on Enterprise R&D Innovation
Intellectual property protection level is a part of our country

intellectual property strategy, intellectual property rights
strategy is the creation, utilization and protection of intellectual
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property rights, management, personnel training, cultural
construction as the content, pay attention to the level of
intellectual property rights (quality) and ownership (quantity)
coordination, promote the development of social science and
technology, economy, culture of total strategy. Intellectual
property creation mainly includes various intellectual property
output, among which patent output is the most important part
[36]. Therefore, the level of intellectual property protection, as
an external situational factor of an enterprise, is closely related
to the quality of its patents.

Intellectual property protection can promote and stimulate
technological innovation. Intellectual property protection is
considered a determinant of corporate investment in R&D.
Government intervention in the market through the
implementation of intellectual property protection system, its
basic aim is to provide the innovator monopoly (including time
and range), protect it from imitators of competition, the R&D
investment of enterprises can get more market share through
monopoly advantage [41] and expected income [34], because
only in this way can enterprises be willing to cooperate more
and invest more R&D capital. There is a positive correlation
between a country's knowledge protection mechanism and
R&D investment density. The stronger the legal framework for
intellectual property protection is, the more conducive it will be
to stimulate the knowledge stock for technological innovation,
encourage enterprises to carry out R&D cooperation and
innovation, and create more efficient knowledge [4, 38].

The protection of intellectual property rights has a negative
impact on technological innovation. It's necessary to look at the
impact of intellectual property rights on technological
innovation dialectically [5]. As a kind of technological
innovation, patent quality will also be negatively affected by
the level of intellectual property protection in the process of
cooperative innovation. Due to the cooperative innovation is
the enterprise process from partners to seek knowledge and
ability, at the same time, facing its own key exposure risk at the
core of knowledge, core resources, in turn, each cooperative
members are reluctant to share with others, and lead to
cooperation success rate decrease, so the intellectual property
risk has become the first of the three risks of enterprise
cooperative innovation [47]. Besides, the degree of protection
of intellectual property rights is inconsistent and has great
limitations in the technological innovation activities of
enterprises of various types and sizes, which is determined by
the reality [3]. The rapid development of science and
technology makes it difficult to define the scope of intellectual
property protection [42]. The cycle of new technology
upgrading is getting shorter and shorter, and many technologies
are often combined together, and the scope of definition is
getting more and more complex. Sometimes it involves
multiple laws, such as patent law and trademark copyright law,
which will lead enterprises to seek other ways to seek benefits
instead of focusing on improving enterprise innovation
performance through patent R&D.
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D. Based on Multiple Perspectives Research the Influence of
Absorptive Capacity on the Relationship Between
Heterogeneous R&D Cooperation and Patent Quality

Enterprises face different external environments when
cooperating with different types of partners in R&D. The R&D
investment of an enterprise can improve its "Ability to
recognize, digest and utilize knowledge in the environment",
which is the absorptive capacity [8]. The absorptive capacity is
directly manifested as the perception of the external
environment. With the change of the external environment, the
organization can perceive the change, acquire, digest and
absorb the external changes, and successfully commercialize
them [45]. In the process of cooperation with different types of
partners, due to the change of external environment, the
existing knowledge in the environment will change, and the
influence of absorptive capacity will also be highlighted.

Analysis of the mediating effect based on the mechanism of
R&D cooperation process. The fundamental purpose of open
innovation cooperation is to obtain heterogeneous resources.
The acquisition of heterogeneous resources will affect the
absorption capacity of enterprises [14]. On the one hand, the
absorptive capacity of an enterprise depends on its existing
resources and previous experience, while the acquisition of
external heterogeneous resources will affect the previous
experience, and having sufficient knowledge base can improve
the absorptive capacity of an organization [9]. On the other
hand, absorptive capacity is regarded as a dynamic process of
knowledge screening, absorption, transformation and
integration. The acquisition of external heterogeneous
knowledge can promote and influence the formation and
accumulation of this dynamic process of absorptive capacity.
Heterogeneous  knowledge  acquired  from  external
heterogeneous partners can promote the dynamic improvement
of the overall absorptive capacity of an organization [6].

An analysis of the regulatory effect is from the perspective
of internal situation. Absorptive capacity emphasizes the
cognition, mastery and application of external innovation
opportunities. The stronger the absorptive capacity of an
enterprise, the stronger its ability to grasp the operation of the
external environment, and the more opportunities it has to
introduce the spillover knowledge of partners and competitors
into the enterprise [18]. When there is a lack of absorptive
capacity, it is difficult for enterprises to acquire, absorb and
utilize new external knowledge, which reduces the amount and
creativity of using new knowledge in R&D cooperation [30],
thus resulting in low improvement of patent quality of
enterprises.

I1l.  CONCLUSION

A. Summary and Prospect

To sum up, existing researches on the influence of
heterogeneous R&D cooperation on patent quality include the
following aspects: First, most scholars believe that
heterogeneous R&D cooperation will improve the quality of
enterprises’ patents, but relevant empirical studies are very
scarce. Second, there are differences in comparative studies on
the impact of inter-enterprise cooperation and school-enterprise
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cooperation on patent quality: some scholars believe that inter-
enterprise cooperation is more conducive to improving the
quality of enterprise patents; some scholars also believe that
school-enterprise cooperation is more conducive to improving
the quality of patents. Third, the dialectical influence of the
level of intellectual property protection on the improvement of
enterprises’ own innovation ability: Some scholars believe that
the improvement of knowledge protection level can protect
innovation providers, make enterprises more comfortable to
invest in R&D, and improve the quality of patents; Some
scholars also believe that the complex environment makes the
protection of intellectual property very limited and inhibits
enterprises from further investing in patent research and
development. However, there is still a lack of research on the
influence of the level of intellectual property protection on the
relationship between cooperative R&D and patent quality.
Fourth, influence mechanism of absorptive capacity based on
different perspectives: Some scholars studied the intermediary
role of absorptive capacity in the relationship between
enterprise R&D and innovation performance based on the
process mechanism of enterprise cooperative R&D; Some
scholars also studied its regulating effect on heterogeneous
R&D cooperation and enterprise innovation performance from
the perspective of situational factors. But such research is still
lacking.

Therefore, the following conclusions can be drawn by
summarizing the deficiencies of current studies and future

studies direction: First, the influence of enterprise
heterogeneous R&D cooperation on patent quality is still
controversial. The influence of heterogeneous R&D

cooperation on enterprise patent quality can be further studied
and the dispute content can be more clearly defined; second,
there are different conclusions about the effect of the level of
intellectual property protection on the relationship between
heterogeneous R&D cooperation and patent quality. Future
studies can study the specific impact of the level of intellectual
property protection on the relationship between heterogeneous
R&D cooperation and patent quality from the perspective of
external contextual influencing factors; third, in terms of
absorptive capacity, many studies focus on the impact of
absorptive capacity on the innovation ability of enterprises,
while studies based on the perspective of internal situational
factors, research the impact of absorptive capacity on the
relationship between heterogeneous R&D cooperation and
patent quality of enterprises can still be carried out.

B. Deficiencies and Future Directions

This paper studies the regulating effect of external
intellectual property protection and internal absorption capacity
on the relationship between enterprise heterogeneity R&D and
patent quality. But the internal and external situational factors
that influence the relationship between heterogeneity R&D
cooperation and patent quality also include environmental
dynamics, binary learning and other factors.
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