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We investigate the impact of university science parks (USPs)—platforms designed to foster university-industry
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032 USPs in China between 2006 and 2016, we find that they are associated with a notable 50.8 % increase in UI
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USPs can facilitate UI collaboration through three mechanisms—spatial proximity, intermediary services, and
knowledge complementarity—and provided corresponding empirical evidence to support these claims.
Furthermore, measured by the patent citations, we also find that these parks significantly enhance the quality of

UI collaborations. These results underscore the pivotal role of USPs as facilitators of interaction between aca-
demic institutions and industries.

1. Introduction

In modern societies, as the economy shifts toward being science and
knowledge-based, universities—serving as centers of knowledge—have
become increasingly essential partners for industry. Collaboration be-
tween academia and industry has become more significant and wide-
spread than ever before (Jensen and Thursby, 2001; Perkmann et al.,
2013). For instance, as early as the 1990s, 90 % of biotech companies
disclosed their collaborations with university scientists in their initial
public offerings (Zucker et al., 2002). Consequently, many countries
have sought to foster university-industry (UI) collaboration (Zucker
etal., 2002; Cohen et al., 2002; Hausman, 2022), with university science
parks (USPs) emerging as a particularly important strategy (Phan et al.,
2005; Albahari et al., 2023).

Ideally, USPs are expected to facilitate innovation spillovers by
fostering UI collaboration, thereby enhancing industrial competitive-
ness and driving economic growth (Link and Scott, 2003; Storey and
Tether, 1998). However, empirical evidence on their impact remains
inconclusive (Lecluyse et al., 2019; Albahari et al., 2023). While some
studies report positive effects on UI linkages ( Van Dierdonck et al.,

1991; Westhead and Storey, 1995; Lofsten and Lindelof, 2002, 2003;
Lindelof and Lofsten, 2004; Fukugawa, 2006; Squicciarini, 2009; Min-
guillo et al., 2015; Ramirez-Aleson and Fernandez-Olmos, 2018; Anton-
Tejon et al., 2024a), others find no impact or even negative effects
(Quintas et al., 1992; Felsenstein, 1994; Malairaja and Zawdie, 2008;
Radosevic and Myrzakhmet, 2009; Albahari et al., 2017). The contra-
dictions in the literature stem primarily from a lack of comprehensive
data on USPs (Phan et al., 2005). This data scarcity has made it difficult
for most studies to conduct rigorous causal analyses. Consequently,
identifying the causal effects of USPs on Ul collaboration and developing
precise measures for UI collaboration remain significant challenging.
Building on these considerations, we measure Ul collaboration using
collaborative patents, which reflect both the presence and intensity of UI
interactions. Using panel data from 326 universities between 2006 and
2016, we apply the difference-in-differences (DID) estimators proposed
by Borusyak et al. (2024) to estimate the causal effects of USPs on UI
patent collaboration in China. Our findings indicate that the establish-
ment of USPs leads to a 50.8 % increase in UI collaborative patents,
along with increases of 40.0 % and 37.1 % in invention patents and
utility model patents, respectively. To test the parallel trends
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assumption, we also conduct an event study approach. The results show
a stable, flat, and statistically insignificant difference between the
treated and control groups before the introduction of USPs, supporting
the validity of our specification.

Next, we examine the mechanisms through which USPs promote Ul
collaborations, focusing on three key channels: spatial proximity,
intermediary services, and knowledge complementarity. First, USPs
leverage geographical proximity to enhance UI collaboration
(Vedovello, 1997; Link and Scott, 2003; Ferguson and Olofsson, 2004;
Vasquez-Urriago et al., 2016; Anton-Tejon et al., 2024a). Proximity is
critical for innovation as shorter distances foster linkages and facilitate
knowledge transfer (Knoben and Oerlemans, 2006; Hervas-Oliver and
Albors-Garrigos, 2009), particularly tacit knowledge (Gilly and Torre,
2000; Howells, 2002), which often requires face-to-face interaction due
to its localized nature (Jaffe et al., 1993; Gertler, 2003; Acosta et al.,
2012). To test this mechanism, we calculated the distance between each
USP and its affiliated university, using a 3 km threshold to classify
universities as either close to or far from a USP. Comparing to univer-
sities without a USP, we found that universities within 3 km of a USP
experienced a significant increase in collaborative patents after the
park’s establishment, while those farther away did not. This result
highlights spatial proximity as a key driver of USP-induced UI collabo-
rative research and development (R&D).

Second, USPs provide intermediary services to foster Ul interaction.
The lack of effective communication channels often hinders the align-
ment of university scientific resources with the specific needs of the
industry (Guan et al., 2005; Hellmann, 2007; Fransman, 2008; Chai and
Shih, 2016). USPs address this gap by organizing events such as exhi-
bitions and salons, as well as offering technology brokerage services and
shared laboratories. These initiatives enhance UI interactions and
reduce information asymmetry between universities and enterprises.
Our analysis shows that the establishment of USPs resulted in a 43 %
increase in the number of firms engaging in collaborative patents with
universities, with small enterprises driving most of this growth. Smaller
firms, which typically have weaker R&D capabilities, rely more heavily
on knowledge spillovers from universities (Huang et al., 2012). Addi-
tionally, we observe significant increases in both the number of patents
transferred from universities to firms and the number of R&D contracts,
further highlighting the role of USPs as a bridge for UI collaboration.

Third, USPs facilitate UI knowledge complementarity, where align-
ment in technological ability and expertise alongside geographical
proximity (Woerter, 2012). Effective UI collaboration requires that
universities possess resources that address technological challenges or
complementing a firm’s expertise. Without such complementarity, firms
are unlikely to benefit from joint research and have little incentive to
invest in it (Zucker et al., 1998, 2002). We provide evidence for this
mechanism from two perspectives. First, the impact of USPs on Ul
collaborative patent applications is more pronounced in universities
with stronger capabilities to address technological complexities. Second,
USPs significantly enhance collaborative patenting in fields where uni-
versities hold a technological advantage. These findings underscore how
USPs leverage academic intellectual assets to foster knowledge
complementarity between universities and firms.

Additionally, we rule out two alternative hypotheses. The first hy-
pothesis concerns university-owned firms (Wu, 2010; Li and Tan, 2020).
It suggests that incentivized by government-provided land and tax
benefits, universities may establish new firms in USPs or encourage
existing university-owned firms to relocate there. This, in turn, could
increase investment in collaborative research and strengthen UI
collaboration. However, our analysis of all identified university-owned
firms reveals no significant increase in collaborative patents between
universities and their affiliated firms.

The second hypothesis, referred to as the “investment expansion”
hypothesis, proposes that USPs may attract increased industry funding
(Gulbrandsen and Smeby, 2005; Welsh et al., 2008; D’este and Perk-
mann, 2011; Ankrah et al., 2013; Bikard et al., 2019), thereby expanding
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R&D personnel in universities and facilitating the recruitment of more
innovative researchers. This enhanced input could increase the likeli-
hood of translating scientific achievements into industrial applications.
However, our examination of university-level personnel data finds no
significant impact of USPs on either the size or composition of university
R&D staff, challenging the validity of the “investment expansion”
hypothesis.

In the final section, we examine the impact of USPs on patent quality.
Simply obtaining a patent does not ensure its practical application in the
industry; such patents are often labeled as “sleeping patents” (Torrisi
et al., 2016). As directly measuring patent applications is challenging,
we use patent citations as a proxy for quality. Our analysis reveals that
USPs significantly improve the quality of UI collaborative patents,
particularly invention patents. These findings suggest that the impact of
USPs extends beyond merely increasing the number of patents, high-
lighting their role in fostering higher-quality innovation.

This paper makes three key contributions. First, it provides robust
causal evidence on the impact of USPs on UI collaboration. While
numerous studies have examined collaborative behaviors involving
firms within and outside USPs, their conclusions remain mixed.? This
ambiguity largely arises from the lack of large-sample panel data, which
has hindered causal inference in previous research. By utilizing panel
data from 2006 to 2016 and employing a DID approach, this paper fills
this gap and offers clear causal evidence on how USPs foster Ul
collaboration.

Second, this paper advances the measurement of UI collaboration by
employing collaborative patents as a key indicator. Previous studies
often rely on survey or interview data that merely indicate the presence
of UI links, providing limited insight into their depth or tangible out-
comes.® In contrast, this paper utilizes the number of UI collaborative
patents as a metric, capturing both measurable achievements and the
intensity of these collaborations (Kato and Odagiri, 2012). This shift
toward an objective, outcome-oriented measure significantly improves
the precision and reliability of evaluating the impact of USPs on UL
collaboration. Additionally, collaborative patents are widely regarded as
a robust indicator in the USP literature due to their comparability across
regions and countries, further enhancing the generalizability of the
findings (Huang et al., 2012; Albahari et al., 2017; Lamperti et al., 2017;
Unlii et al., 2023; Anton-Tejon et al., 2024a, 2024b).

Thirdly, this paper identifies and empirically validates the mecha-
nisms through which USPs influence UI collaboration. Our findings
highlight three key channels: spatial proximity, intermediary services,
and knowledge complementarity. While these mechanisms have been
broadly mentioned in prior literature (Vedovello, 1997; Lofsten and
Lindelof, 2003; Phan et al., 2005; Abramovsky and Simpson, 2011;
Vasquez-Urriago et al., 2016; Phongthiya et al., 2022; Anton-Tejon
et al., 2024a), empirical evidence supporting them remains scarce.
Specifically, USPs enhance geographic proximity, provide intermediary
services, and align technological capabilities and expertise to maximize
UI complementarity. These findings underscore the multifaceted role of
USPs in fostering effective UI collaboration.

The rest of this paper proceeds as follows. Section 2 introduces the

2 For this strand of literature, see Quintas et al. (1992), Felsenstein (1994),
Westhead and Storey (1995), Vedovello (1997), Phillimore (1999), Bakouros
et al. (2002), Colombo and Delmastro (2002), Lofsten and Lindelof (2002),
Lindelof and Lofsten (2004), Fukugawa (2006), Squicciarini (2009), Diez-Vial
and Fernandez-Olmos (2015), Malairaja and Zawdie (2008), Vasquez-Urriago
et al. (2016), Albahari et al. (2017), Ramirez-Alesén and Fernandez-Olmos
(2018), Anton-Tejon et al. (2024a), etc.

3 Previous research has distinguished between formal and informal links. The
former includes informal personal contacts and sharing of university equipment
(Vedovello, 1997; Phillimore, 1999; Malairaja and Zawdie, 2008), while
informal links involve personal contacts, equipment sharing, and other less
structured interactions (Colombo and Delmastro, 2002; Lofsten and Lindelof,
2002; Lindelof and Lofsten, 2004; Fukugawa, 2006).
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institutional background and the conceptual framework. Section 3
provides details of the sample, data, and identification strategy. Section
4 shows the baseline results and test the potential mechanisms. Section 5
presents several robustness checks. Section 6 shows the effect of USPs on
the quality of collaborative patents. Finally, Section 7 concludes.

2. Institutional background and conceptual framework
2.1. USPs in China

Science Parks have become widespread worldwide, becoming cen-
tral hubs in the innovation ecosystem. As defined by the International
Association of Science Parks, these parks aim to facilitate and manage
the flow of knowledge and technology among universities, R&D in-
stitutions, companies, and markets.” This paper focuses specifically on
university-established parks, which are usually located on or near uni-
versity campuses. These parks are expected to promote knowledge
spillovers and offer entrepreneurs access to academic resources, expert
guidance, and support for launching new enterprises (Wright et al.,
2008; Alshumaimri et al., 2010).

In 1951, Stanford University established the world’s first science
park, laying the foundation for the renowned high-tech cluster, “Silicon
Valley.” This remarkable success became a global model, inspiring the
development of university science parks in numerous European coun-
tries, including the United Kingdom and Russia, particularly after the
1970s (Theeranattapong et al., 2021).

In the early 1990s, as China’s reform policies progressed, the gov-
ernment increasingly emphasized the role of technological innovation in
driving economic growth. Universities, as critical innovation centers,
began to play a pivotal role in translating research outputs into eco-
nomic value. Inspired by Stanford University’s Science Park model,
Northeastern University in China established China’s first USP in 1990.
In 1999, the Ministry of Education and the Ministry of Science and
Technology jointly issued The Guidelines on Developing National Univer-
sity Science Parks, advocating for USPs. By 2001, the official launch of
the National University Science Park Program provided enhanced sup-
port for university-led science parks, leading to the rapid development.

After 2001, numerous universities in China have established science
parks within or near their campuses.” These parks are largely financed
and managed by the universities themselves, connecting academic
research and industrial application. They generate revenue through
several channels, such as leasing office space to technology-oriented
small and medium-sized enterprises or R&D branches of larger firms.
Additionally, they offer services like business incubation and technology
transfer facilitation (Hu and Mathews, 2008). Moreover, these parks
often benefit from substantial government policy support, including
exemptions from land-use fees, income tax reductions, and financial
subsidies, which further strengthen their operational sustainability and
attractiveness to firms.

The Chinese government’s strategic support for USPs reflects its
ambition to harness university-based intellectual assets in driving the
transfer and commercialization of scientific innovations. This approach
aims to enhance national innovation capacity and stimulate economic
growth, tackling critical challenges faced duringChina’s rapid develop-
ment in the early 21st century. At that time, the country faced a sig-
nificant gap in innovation capacity, particularly within firms, which
struggled with limited R&D capabilities due to constraints in talent,
knowledge, and equipment (Kafouros et al., 2015; Li and Tan, 2020).

# There are primarily two modes of USPs. One is government-established and
operated, as seen in Europe and Japan. The other is university-established and
operated, as seen in the UK and China. Some countries have both modes
coexisting, like the United States.

5 There are also a few USPs that have been organized and invested by the
government.
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In stark contrast, Chinese universities were well-endowed with
abundant innovation resources. Over 60 % of the national key labora-
tories and over 40 % of academicians were hosted within universities.®
As reported by the Ministry of Science and Technology, universities
accounted for over 80 % of SCI-indexed publications nationwide and
over 20 % of invention patents in 2013, highlighting their pivotal role in
national innovation. This significant contribution underscored the po-
tential of universities to serve as engines of innovation.

Given these disparities between academia and industry, USPs
emerged as crucial Ul bridges, streamlining the transfer of knowledge
and resources from universities to enterprises. By fostering collabora-
tion, promoting knowledge spillovers, and providing resources such as
talent and advanced infrastructure, USPs play a pivotal role in bridging
academic research and industrial application. These efforts address
China’s innovation bottleneck while advancing its broader economic
aspirations.

2.2. Conceptual framework

2.2.1. The effect of USPs on UI collaboration

Effective UI collaboration hinges on three key prerequisites. First,
geographic proximity plays a foundational role in facilitating collabo-
rative R&D by enabling direct and frequent interactions (Knoben and
Oerlemans, 2006; Hervas-Oliver and Albors-Garrigos, 2009). Proximity
supports frequent face-to-face interactions, critical for the transfer of
tacit knowledge—intangible insights that are inherently difficult to
convey across long distances (Gilly and Torre, 2000). However, as
geographic distance grows, the efficiency of tacit knowledge transfer
diminishes significantly. Second, the establishment of robust commu-
nication channels is essential to overcome barriers inherent in UI
collaboration. Differences in organizational structures, incentive
mechanisms, and operational constraints between universities and firms
often hinder collaboration (Partha and David, 1994; Bercovitz and
Feldman, 2006; Ryan et al., 2008). Implementing systematic commu-
nication strategies can effectively bridge these gaps. Third, effective
collaboration is contingent upon the alignment of university expertise
and capabilities with firm needs. Achieving this alignment is critical not
only for realizing synergies but also for maximizing the value and impact
of collaborative efforts. The widespread adoption of USPs worldwide
can be attributed to their effectiveness in addressing the three key pre-
requisites for successful Ul collaboration.

First, USPs are strategically located near universities, providing
logistical and spatial advantages that facilitate collaboration (Vedovello,
1997; Link and Scott, 2003; Ferguson and Olofsson, 2004; Vasquez-
Urriago et al., 2016; Anton-Tejon et al., 2024a). This proximity en-
courages frequent interactions between university researchers and park-
based firms, while also allowing firms to actively participate in academic
initiatives. By reducing communication and coordination costs, such
locations foster an optimal setting for collaborative R&D. Moreover,
park-based firms can strengthen partnerships with university research
teams through shared laboratories or joint research centers, amplifying
the benefits of geographic proximity.

Second, USPs serve as “bridges” that facilitate information sharing
and communication platforms (Phongthiya et al., 2022). USPs often
establish technology transfer centers or innovation service institutions,
linking university researchers with firms and reducing information
search costs. Additionally, they organize activities like innovation
matchmaking events and technology expos to foster trust, overcome
communication barriers, and enhance the prospects of successful

6 National key laboratories refer to research entities established by the
China’s government since 1984, selecting strong universities and research in-
stitutes to support innovative research in cutting-edge disciplines, important
areas and directions for national economic, social development, and national
security through funding assistance and other means.



Y. Kang et al.

collaboration (Morgan, 2004; Laursen et al., 2011; Hemmert et al.,
2014; Tan, 2006).

Third, USPs enhance UI alignment by attracting firms that align with
the academic expertise of their affiliated universities. For instance,
semiconductor or software firms prefer universities specializing in
electronic information technology, while less technologically advanced
firms seek partnerships with universities possessing superior techno-
logical expertise. Such alignment of knowledge and expertise establishes
a robust foundation for collaborative R&D.

Based on the above, we propose the following hypothesis:

H1. : USPs significantly enhance UI collaboration.

2.2.2. The mechanism of USPs on UI collaboration: Spatial proximity

The extent to which firms benefit from university research largely
depends on geographic proximity. Tacit knowledge, embedded in the
practices and experiences of scientists and engineers (Von Hippel,
1994), is inherently difficult to articulate or codify (Polanyi, 1966). Its
transfer requires rich communication channels, particularly face-to-face
interactions (Amin and Wilkinson, 1999). In China, most USPs strate-
gically embed their infrastructure within or adjacent to campuses.
Through shared office spaces and co-located research facilities, these
USPs systematically minimize physical barriers between universities and
industries, enabling daily researcher-industry interactions (Vedovello,
1997; Link and Scott, 2003; Ferguson and Olofsson, 2004; Vasquez-
Urriago et al., 2016; Anton-Tejon et al., 2024a). This spatial configu-
ration not only reduces friction in exchanging complex, experience-
based insights but also an environment conducive to spontaneous
collaboration.

Additionally, as technological innovation becomes more complex,
firms increasingly require expertise from multiple fields, making inter-
disciplinary collaboration essential. As Carbonell and Rodriguez (2006)
observe, “When dealing with technological complex projects [...], they [...]
depend more heavily on other functional specialists for the expertise.” Sci-
ence parks, by reducing the physical distance between firms and uni-
versity researchers, provide an ideal environment for such
collaboration. Proximity enables easier access to university facilities,
facilitates interactions between firms and university researchers from
diverse academic disciplines, and promotes the exchange of interdisci-
plinary knowledge, helping firms tap into the broad range of academic
expertise necessary for innovation (Westhead and Batstone, 1998; Mae
Phillips and Wai-chung Yeung, 2003).

Based on the above, we propose the following hypothesis:

H2. : USPs facilitate UI collaboration by bridging geographic gaps,
enabling closer interactions between firms and universities.

2.2.3. The mechanism of USPs on UI collaboration: Intermediary services

Numerous studies highlight the challenges in establishing effective
Ul interactions (Guan et al., 2005; Chai and Shih, 2016; Hsu et al.,
2024). Differences in goals, language, and organizational cultures create
significant communication barriers (Bercovitz and Feldman, 2006; Ryan
et al., 2008). Universities primarily focus on academic research,
emphasizing knowledge creation and scholarly impact, whereas firms
are market-driven, prioritizing economic returns and practical applica-
tions (Bruneel et al., 2010). Moreover, information asymmetry exacer-
bates these challenges. Firms often lack awareness of the technological
resources and expertise available at universities, while universities face
difficulties in identifying and understanding the specific technological
needs of firms (Westhead and Storey, 1995; Hellmann, 2007; Fransman,
2008).” Even when connections are made, assessing the professional

7 A 1996 survey of 950 companies in Beijing revealed that the “lack of
effective communication channels” was cited as the primary barrier to
obtaining research outcomes from R&D institutions and universities (Guan
et al., 2005; Hsu et al., 2024).

Research Policy 54 (2025) 105241

capabilities of potential partners remains a persistent challenge (Ryan
et al., 2008).

USPs offer intermediary services to foster collaboration between
universities and enterprises (Phongthiya et al., 2022). First, they employ
professional technology brokers to connect firm needs with university
knowledge and talent. Second, they offer technical exchange services to
strengthen UI collaboration for technology and product development
through activities like industry salons and exhibitions of scientific and
technological achievements.®

Third, USPs establish dedicated spaces and platforms for collabora-
tive innovation, such as joint research platforms and shared labora-
tories. These facilities facilitate collaboration between university
researchers and corporate technical teams to co-develop innovations. By
participating in foundational research, firms gain access to cutting-edge
academic insights as providing universities with immediate market
feedback. Such initiatives not only promote trust and information
sharing (Morgan, 2004; Laursen et al., 2011; Hemmert et al., 2014) but
also reduce matching costs (Nooteboom, 2002) and enhance the suc-
cessful collaborations (Jaffe et al., 1993; Tan, 2006).

Based on the above, we propose the following hypothesis:

H3. : USPs enhance UI collaboration through intermediary services,
significantly strengthening connections between universities and firms.

2.2.4. The mechanism of USPs on UI collaboration: Knowledge
complementarity

As technologies become increasingly complex and diverse, firms
need to access external complementary resources to overcome techno-
logical challenges (Nooteboom, 1999). USPs play a crucial role by
facilitating complementary knowledge sharing between universities and
firms, helping them access the resources needed for technological
advancement.

USPs achieve this primarily by attracting firms whose technological
needs align with the university’s expertise. For instance, a USP affiliated
with a university specializing in materials science and engineering may
focus on attracting firms engaged in advanced materials or smart
manufacturing. Some parks even restrict tenant industries to those
aligned with the university’s technological expertise, ensuring a strong
match between firms’ needs and university capabilities. This targeted
strategy maximizes the value of collaborative R&D and fosters effective
partnerships.

The effectiveness of USPs becomes particularly pronounced when
they are linked to universities with high technological capacity. Science
parks associated with such universities achieve superior performance, as
research-based knowledge generated within universities spills over to
tenant firms (Villasalero, 2014). These firms, in turn, absorb and apply
the advanced knowledge, driving innovation and amplifying the impact
of the collaboration (Bishop et al., 2011). Thus, USPs serve as a vital
mechanism for translating academic expertise into industrial innova-
tion, especially when supported by robust university technological
capacities.

Based on the above, we propose the following hypothesis:

H4. : USPs foster Ul collaboration by facilitating knowledge comple-
mentarity, particularly when universities possess advanced technolog-
ical capabilities or expertise in specific fields.
3. Data, variables, and identification strategy
3.1. Data and variables

We assess the impact of USPs on UI collaboration using balanced

panel data from 2006 to 2016, focusing on 326 China’s Tier 1

8 For example, the Huazhong University of Science and Technology Science
Park provides such technology exchange services.
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universities. Tier 1 universities, denoted as “yiben,” are regarded as
flagship institutions in China (Shi et al., 2020). These universities are
categorized based on admission scores, with Tier 1 having the highest
scores and a primary emphasis on scientific research, while Tier 2 and
Tier 3 prioritize teaching with comparatively weaker research capabil-
ities.” Notably, Tier 1 universities accounted for over 90 % of UI
collaborative patents during the study period. Consequently, our
empirical analysis is restricted to Tier 1 universities. To prevent esti-
mation bias related to the always-treated group (Goodman-Bacon,
2021), universities that established science parks before 2007 were
excluded. Ultimately, our sample comprises 326 China’s universities.
Fig. 1 illustrates the geographic distribution of universities in our
sample.

3.1.1. USP dataset

We manually collected the data on USP opening dates from official
websites and news sources. In our sample, 84 universities established
parks from 2007 to 2016. Fig. 2 illustrates the annual distribution of
newly established parks during this period. The number of newly
established USPs shows a consistent trend each year, with no significant
variations observed between different years.

3.1.2. UI collaborative patents dataset

Following Kong et al. (2022) and Tan et al. (2022), we measure Ul
collaboration using the number of successfully granted UI collaborative
patent applications. UI collaborative patents are defined as those jointly
applied for by universities and firms. Our dataset includes information
from 326 universities that filed applications for UI collaborative patents
with the State Intellectual Property Office of China (SIPO) between 2006
and 2016. The data encompass details such as application date, autho-
rization date, applicants, International Patent Classification (IPC), pat-
ent type, and transfer status. Consistent with Kong et al. (2022), we
categorize patents based on their application year rather than their
authorization year, as this better reflects the actual time of invention
(Griliches et al., 1987).10

In China, there are three types of patents: invention, utility model,
and design. Invention patents are granted for new technical solutions
related to products, processes, or improvements, similar to utility pat-
ents in the United States. Utility model patents are granted for new and
practical technical solutions related to the shape or structure of a
product, resembling utility patents in Europe and Japan. Design patents
specifically cover the appearance of a product and involve limited
technological improvement. Notably, invention and utility model pat-
ents generally exhibit higher technical content and originality compared
to design patents, as highlighted in studies by Zheng et al. (2018) and
Tan et al. (2022).

We separately calculated the number of UI collaborative patent ap-
plications for each of the three patent types at the university-year level:
invention patents (invention), utility model patents (utility), and design
patents (design). Additionally, we constructed the total number of patent
applications (total) by aggregating these three categories. To facilitate

9 China’s universities initiate enrollment by province. A university is cate-
gorized as a Tier 1 university if it was listed as such for any year between 2006
and 2015. We exclude data from after 2016 due to changes in enrollment
practices, where several provinces began merging the enrollment of Tier 1 and
Tier 2 universities, rendering it impossible to differentiate between the two
tiers.

10 There is a time delay in the patent application approval process. On
average, it takes approximately 3 years for invention patents, around 1 year for
utility model patents, and about half a year for design patents to be granted. As
our data from the State Intellectual Property Office of China (SIPO) was ob-
tained in March 2021, some invention patent applications submitted after 2016
are still under review. Recognizing the potential bias introduced by this lag, our
sample period is confined to the years 2006 to 2016 to ensure a more accurate
and consistent analysis.
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analysis, all variables are expressed as the natural logarithm of one plus
the number of patents.

To explore the impact of science parks on UI patent transfer, we
obtained transfer records for the 326 universities from the SIPO. To
assess the quality of these Ul collaborative patents, we collected citation
data from the IncoPat database. The IncoPat database is a comprehen-
sive platform for retrieving and analyzing global patent data, widely
used in research on innovation and intellectual property. It contains
>180 million patents from 170 countries/organizations/regions around
the world. Its data are procured from official and commercial intellec-
tual property organizations in various countries, updated four times a
week, and support batch searches based on the full text of patent doc-
uments. In recent years, IncoPat has been extensively utilized in inno-
vation research, as evidenced by studies such as Wu et al. (2022) and
Shen et al. (2023).

3.1.3. University characteristics dataset

We collected data on R&D staff, full-time R&D staff, and R&D con-
tracts from 2006 to 2016. All these data are from The Compilation of
Scientific and Technical Statistics of China’s Higher Education (Compila-
tion), compiled by the Science and Technology Department of the
Ministry of Education of the People’s Republic of China.'’

Additionally, we collected Chinese journal papers and Web of Sci-
ence (WOS) journal papers published by China’s universities. The data
on Chinese journal papers were obtained from the Evaluation and
Analysis Database of Scientific Research Achievements of Chinese Univer-
sities. For WOS journal papers, the data was scraped from the Web of
Science database and aggregated at the university level. To facilitate
regression analysis, the counts were transformed using the natural log-
arithm of one plus the number of papers.

3.1.4. Firm-level dataset

We obtained our firm-level data from Tianyancha, a platform offering
paid access to firm registration records. These records are officially
authorized by the National Enterprise Credit Information Publicity
System, which is managed by the State Administration for Industry and
Commerce (SAIC). The data encompasses all firms registered in China
over the past four decades, with over 75 million entries as of the end of
2021, including firm branches. It provides detailed information for each
registered firm, including legal representatives, shareholders and their
holdings, executives, registered capital value, year of establishment, and
any historical changes or updates related to these details. This data is
widely utilized in studies focusing on firm dynamics (Allen et al., 2019;
Shi et al., 2021).

Table 1 presents the descriptive statistics.

3.2. Identification strategy

To test the impact of USPs on UI collaboration, we leverage the
variation in the timing of science park establishments across universities
to construct a difference-in-differences (DID) model. However, recent
literature has raised concerns about potential biases in traditional esti-
mates with staggered treatment timing, particularly when already-
treated units are used as part of the control group for later-treated
units (Goodman-Bacon, 2021). To address these issues, we adopt the
staggered estimator proposed by Borusyak et al. (2024).'? This estimator
is selected for its ability to: (1) address the estimation bias inherent in
traditional two-way fixed effect (TWFE) estimators, (2) flexible add joint

11 For the details of Compilation, see Kang & Liu (2021).

12 We also re-estimate the baseline model and event study using the estimators
of traditional two-way fixed effects, De Chaisemartin and d Haultfoeuille
(2020), Callaway and Sant’Anna (2021) and Sun and Abraham (2021). USPs’
UI cooperation facilitation effect remains significantly positive (see Appendix
Figure Al).



Y. Kang et al.

30-35
25-30
20-25
15-20
10-15
5-10
1-5

Research Policy 54 (2025) 105241

Fig. 1. Geographic distribution of 326 universities. Notes: This figure shows the distribution of 326 universities in our sample. We include only Tier 1 universities and

exclude universities that established science parks before 2007.
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Fig. 2. Number of newly established USPs (2007-2016). Notes: This figure
shows the annual count of newly established science parks from 2007 to 2016.
To avoid estimation bias caused by always always-treated group, we exclude
universities that established science parks before 2007.

fixed effects and enjoy high computational efficiency, and (3) incorpo-
rate interaction terms."*

Specifically, our model compares the change in UI collaboration
patents before and after the establishment of USPs using the estimator
from Borusyak et al. (2024). For university i and year t, we estimate the

13 The inclusion of city-year joint fixed effects leads to the omission of 90
observations in the estimation. As a result, the effective sample size for the
regression is 3496. Similarly, all subsequent estimations that incorporate city-
year fixed effects also result in a reduction in sample size.

Table 1
Descriptive statistics of main variables.

Variable Obs Mean Std.Dev. Sources
Science Park 3586 0.120 0.325 1
Patent 3586 3.494 9.080 2
Invention 3586 2.142 5.921 2
Utility 3586 1.289 3.556 2
Design 3586 0.063 1.813 2
Technological fields 3586 2.896 5.857 2
Firms 3586 1.993 4.243 2

New firms 3586 0.016 0.135 3

Big firms 3586 0.116 0.340 2&3
Small firms 3586 0.507 0.750 2&3
Total_unifirm 3586 0.054 0.891 2&3
Invention_unifirm 3586 0.040 0.676 2&3
Utility_unifirm 3586 0.014 0.252 2&3
Total 3586 0.362 0.709 2&4
Invention 3586 0.436 0.849 2&4
Utility 3586 0.084 0.208 2&4
Total_std 3586 0.059 0.117 2&4
Invention_std 3586 0.070 0.144 2&4
Utility_std 3586 0.019 0.044 2&4
R&D contracts 2761 22.47 361.9 5
Patent transfer 3586 1.296 5.545 2
R&D staff 2761 507.6 614.1 5
Full-time R&D staff 2761 406.9 492.4 5
Ratio of professors in R&D staff 2761 0.740 0.164 5
Ratio of full-time R&D staff 2761 0.801 0.014 5
Chinese journal paper 3586 1101 805.9 6
WOS journal papers 3586 258.1 362.9 7

Notes: The specific sources of the data are as follows: 1. Hand-collected from
news and university websites; 2. State Intellectual Property Office of the Peo-
ple’s Republic of China (SIPO); 3. Tianyancha Websites: https://www.qcc.com/;
4.Incopat Websites: https://www.incopat.com/; 5. The compilation of scientific
and technical statistics of Chinese higher education; 6. Evaluation and Analysis
Database of Scientific Research Achievements of Chinese Universities; 7. Web of
Science (WOS) Websites: https://www.webofscience.com/wos.
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following regression:
Ininova_coy = fy + 1 USPSic + 7, + p; + O + € (€8]

Ininova_co, is the natural logarithm of one plus the number of suc-
cessfully granted patent applications in year t and university i. This in-
cludes total collaborative patent applications, collaborative invention
patent applications, collaborative utility model patent applications, and
collaborative design patent applications. Science park; is a dummy var-
iable for whether the university i establishes the USPs in year t. Uni-
versity fixed effects y; control for unobserved university-specific factors
that may have influenced the timing of the USP, and year fixed effects y,
control those specific factors that both influenced the patent collabo-
rations and the USP, such as national-level innovation policies. City-year
fixed effects 6., control for time-variant city-specific shocks and policies.
& is a random, idiosyncratic error term. The standard errors are clus-
tered at the university level to account for serial correlation in the
dependent variable. j; is the coefficient of interest, which identifies the
impact of USPs on UI collaborative patents.

The identification assumption of the DID estimation is that in the
absence of the USPs, university-level outcomes would have followed the
same path over time in universities treated by the USP in different years
after partialling out the university and year fixed effects. We test this
assumption using the event study model and estimate the following
equation using the estimator from Borusyak et al. (2024):

7+
lninova_co; = B, + Z B DR Ly O+ € @)
k=7t

where k is the event time that captures the difference between year t and
the USPs implementation year. D’e’* is a dummy variable indicating the
event time. We use the year before the USPs is proclaimed, or k= — 1, as
the reference group. All coefficients can be interpreted as changes
relative to the year before the USP is proclaimed. The rest of the pa-
rameters are the same as eq. (1).

4. The effect of USPs on Ul collaborative patents
4.1. Baseline results

Table 2 presents the baseline results. Columns (1)-(4) show that,
after controlling for university and year fixed effects, USPs have a
significantly positive impact on the number of UI collaborative patents,
as well as on invention and utility model patents. To further account for
time-variant shocks or policies specific to different cities, such as inno-
vation policies, we also control for city-year fixed effects in columns (5)-
(8)."* Column (5) indicates that establishing USPs has led to a note-
worthy 51 % increase in UI collaborative patents, equivalent to
approximately 1.8 patents per university per year. Columns (6)-(8)
reveal that this increase is primarily driven by invention and utility
model patents, with invention patent applications rising by almost 40 %
and utility model patents increasing by 37 % following the establish-
ment of USPs. These findings are consistent with those of Van Dierdonck
et al. (1991), Westhead and Storey (1995), Lofsten and Lindelof (2002,
2003, 2004), Diez-Vial and Fernandez-Olmos (2015), Albahari et al.
(2017), Anton-Tejon et al. (2024a), etc., who also find the positive role
of science parks in fostering UI linkages.

Although USPs significantly facilitate cooperation in UI invention
and utility model patent applications, no notable effect was observed on
design patent applications. The observed heterogeneity in the impact on
different types of patents can be explained to two main reasons. Firstly,
invention and utility model patents typically demand higher research

14 At the request of the reviewers, we have used this estimator throughout the
paper, except for Fig. Al.
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capabilities compared to design patents, with the latter relying more on
the technical advantages of universities. Consequently, USPs have a
more pronounced impact on the applications for invention and utility
model patents. Secondly, within our sample, design patents constitute
only 0.4 % of UI collaborative patents, which may affect the variability
and accuracy of coefficient estimates. Therefore, we exclude design
patent applications from further discussion. These findings underscore
the significant role of USPs in fostering collaborative innovation be-
tween universities and firms, particularly in areas requiring higher
research capabilities.

The validity of our main results in Table 2 depends on the assumption
that no differential trends exist for the treated and control groups in the
pre-treatment period. For instance, if UI collaborative patents are
already growing for the treatment group before the USPs implementa-
tion, our estimates in Table 2 could be overestimated. To address this
concern, we further test for parallel pre-trends in the outcome variables
using an event study method, as depicted in eq. (2). We report the results
in Fig. 3. The coefficients before the USPs implementation are insignif-
icant, indicating that UI collaborative patents show no significant
change before the USP implementation. The coefficient estimates after
that are positive and statistically significant, aligning with our baseline
findings. This consistency reinforces the robustness of our main results
and supports Hypothesis 1.

4.2. The mechanisms of USPs on UI collaboration

After establishing the link between USP and UI patent collaboration,
we now focus on understanding the mechanism. It is important to
emphasize that any factor accounting for our main findings must meet
two criteria: (1) its effect should be correlated with USP, and (2) its
effect should have changed discontinuously before and after the con-
struction of USP.

4.2.1. Spatial proximity

Geographic proximity is crucial for enabling firms to benefit from
academic research, as tacit knowledge—embedded in the expertise and
practices of researchers—requires face-to-face interaction for effective
transfer (Polanyi, 1966; Von Hippel, 1994; Amin and Wilkinson, 1999).
USPs, when located near universities, can effectively reduce the
geographic distance, promoting UI knowledge spillovers and collabo-
ration (Vedovello, 1997; Link and Scott, 2003; Ferguson and Olofsson,
2004; Vasquez-Urriago et al., 2016; Anton-Tejon et al., 2024a). Notably,
not all USPs in China are established near universities, providing a
valuable opportunity to identify this mechanism. If geographic closeness
is indeed a key channel, we would expect to observe a more pronounced
increase in the number of Ul cooperative patents in USPs located closer
to universities.

To test this, we used Google Maps to calculate the distances between
each university and its associated USP. Since the median distance of
science parks from university campuses was 4.68 km, so we approxi-
mated 5 km as a distinguishing threshold. With a 5 km threshold, uni-
versities were classified into two groups: those with science parks within
5 km and those located farther away. These groups were then compared
against universities without science parks. The results, presented in
Table 3, reveal a clear pattern. Columns (1)-(3) show that universities
with science parks located within 5 km experienced a significant in-
crease in Ul cooperative patents following the establishment of the park.
In contrast, Column (5) shows that universities >5 km away from a
science park saw only a 19.1 % increase in invention patents, consid-
erably smaller than the 29 % increase reported in Column (2). While the
results for utility model patents for science parks located farther from
the campus were positive, they were not statistically significant.

These findings suggest that the closer a USP is to its affiliated uni-
versity, the greater the increase in UI cooperative patents. Since we
controlled for university, year, and city-by-year fixed effects, this dif-
ference cannot be attributed to factors that remain constant over time or
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Table 2
The effect of USPs on UI collaborative patents.
@ (2 3) 4 (5) (6) ) ®
Ln (1 + Collaborative patents)
Total Invention Utility Design Total Invention Utility Design
USPs 0.384%** 0.314%** 0.304%** 0.018 0.508%** 0.400%** 0.371%** 0.016
(0.094) (0.080) (0.085) (0.013) (0.109) (0.092) (0.090) (0.012)
University FE Y Y Y Y Y Y Y Y
Year FE Y Y Y Y Y Y Y Y
City # Year FE N N N N Y Y Y Y
Observations 3586 3586 3586 3586 3496 3496 3496 3496

Notes: This table presents the results of eq. (1) using estimators proposed by Borusyak et al. (2024). The dependent variables, Ln (1 + Collaborative Patents), are the
natural logarithm of one plus the number of collaborative patents. Columns (1)-(4) present estimates for the number of total collaborative patents, collaborative
invention patents, collaborative utility model patents, and collaborative design patents with university and year fixed effects. Columns (5)-(8) include additional
controls for city-year fixed effects. Standard errors are clustered at the university level. *** p < 0.01, ** p < 0.05, * p < 0.1.
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Fig. 3. Event study. Notes: The figure depicts the results of the event study using the estimator proposed by Borusyak et al. (2024). Fig. 3a to c represents the event
study for the number of total collaborative patents, collaborative invention patents, and collaborative utility model patents, respectively. All the dependent variables
are the natural logarithm of one plus the number of patents. The X-axis represents the relative time. The Y-axis represents the coefficients. The points in each figure
represent the estimated effects at each event time, and the dotted blue lines represent the 95 % confidence intervals. (For interpretation of the references to colour in

this figure legend, the reader is referred to the web version of this article.)

across universities. The only plausible explanation for this variation is
the distance between the USP and the university itself. These results
strongly support Hypothesis 2.

4.2.2. Intermediary services

Establishing effective Ul interactions is challenging due to differ-
ences in goals, language, and culture (Bercovitz and Feldman, 2006;
Ryan et al., 2008), as well as information asymmetry (Guan et al., 2005).
USPs help bridge this gap by providing intermediary services

(Phongthiya et al., 2022), which reduce matching costs and enhance
cooperation (Morgan, 2004; Laursen et al., 2011).

In this section, we present three pieces of evidence highlighting the
intermediary services provided by USPs. First, USPs attract firms that
seek to establish connections with universities and leverage university
resources (Westhead and Storey, 1995; Phillimore, 1999; Lofsten and
Lindelof, 2002, Lofsten and Lindelof, 2003; Abramovsky and Simpson,
2011; Ramirez-Aleson and Fernandez-Olmos, 2018). The clustering of
related firms within USPs facilitates face-to-face interactions and
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Table 3
Mechanism: geographic proximity.
@ (2 [©)] “ [©)] 6)
Ln (1 + Collaborative patents)
Around the Campus Away from Campus
Total Invention Utility Total Invention Utility
USPs 0.376%** 0.290%*** 0.307*** 0.225* 0.191* 0.130
(0.118) (0.100) (0.105) (0.129) (0.105) (0.084)
University FE Y Y Y Y Y Y
Year FE Y Y Y Y Y Y
City # Year FE Y Y Y Y Y Y
Observations 3365 3365 3365 3161 3161 3161

Notes: The table tests whether USPs promote Ul collaboration by facilitating the geographical proximity of firms and universities. The dependent variables, Ln (1 +
Collaborative Patents), are the natural logarithm of one plus the number of collaborative patents. Columns (1)-(3) and Columns (4)—(6) represent treatment groups of
universities located relatively close to the science park (<5 km) and those located far from the science park (>5 km), respectively. The control group in both cases
consists of universities without an established science park. Standard errors are clustered at the university level. *** p < 0.01, ** p < 0.05, * p < 0.1.

enhances knowledge spillovers across organizations (Jaffe, 1989;
Mansfield and Lee, 1996; Arundel and Geuna, 2004; Morgan, 2004;
Laursen et al, 2011). USPs further enhance these connections by
providing brokerage services, organizing technology salons and exhi-
bitions, offering shared laboratories, and increasing opportunities for
universities to engage with firms (Phongthiya et al., 2022).

Empirical results support this function: after controlling for univer-
sity, year, and city-year fixed effects, USPs increased the number of
collaborative firms associated with universities by approximately 43.1
%, or about 0.86 firms. This significant increase provides direct evidence
supporting Hypothesis 3, highlighting the role of USPs in fostering UI
connections.

Second, the size of a firm plays a critical role in determining Ul
collaboration. Larger firms typically face lower transaction costs
(Fontana et al., 2006) and benefit from informal collaboration channels,
such as alumni networks and donations (Yoshihara and Tamai, 1999;
Fukugawa, 2006; Fransman, 2008). If the intermediary services pro-
vided by USPs are indeed impactful, we would expect their effects to be
more pronounced for smaller firms, which often face higher barriers to
establishing UI partnerships.

To test this, firms were categorized based on their registered capital:
those above the mean were classified as large, and those below the mean
as small. Columns (2) and (3) of Table 4 reveal that the establishment of
USPs led to a 38.9 % increase in collaborations between universities and
small firms, while the impact on large firms was relatively modest. This

Table 4
Mechanism: intermediary services.
(€D 2 3) [©)] 5)
Ln (1 + Firms) Ln(1 + Patent transfers or
contracts)
Firms Big_firms Small_firms Patent R&D
transfer contracts
USPs 0.431%** 0.069*** 0.389%** 0.370%** 0.459**
(0.090) (0.026) (0.084) (0.077) (0.199)
University FE Y Y Y Y Y
Year FE Y Y Y Y Y
City # Year Y Y Y Y Y
FE
Observations 3496 3496 3496 3496 2652

Notes: This table evaluates how USPs promote cooperation by offering inter-
mediary services that facilitate UI interactions. We defined the big and small
firms based on their registered capital. Columns (1)—(3) present estimates for the
number of collaborative firms, collaborative big firms, and collaborative small
firms with university, year, and city-year fixed effects. Columns (4) and (5)
present estimates of the number of patent transfers and R&D contracts with
university, year, and city-year fixed effects. Because of the missing in Compila-
tion, we only successfully matched 233 universities for R&D contracts. Standard
errors are clustered at the university level. *** p < 0.01, ** p < 0.05, * p < 0.1.

evidence suggests that USPs effectively bridge the gap for smaller firms,
enabling them to overcome resource constraints and access university
innovation.

Third, the platform effect of USPs is further supported by their role in
facilitating the commercialization of university innovations. Evidence
for this is presented in Columns (4) and (5), which analyze the impact of
USPs on the transfer of university patents and the signing of R&D con-
tracts. The results indicate that USPs have increased patent transfers by
37 % and technology transfer contracts by 46 %. These findings align
with Caldera and Debande (2010), who observed that universities with
USPs are more likely to engage in technology transfer agreements.

Together, these three pieces of evidence: (1) the increase in the
number of firms collaborating with universities, (2) stronger effect on
collaborations with small firms, and (3) the enhanced commercializa-
tion of university achievements-strongly support Hypothesis 3, demon-
strating the significant intermediary and platform role of USPs in
fostering UI collaboration.

4.2.3. Knowledge complementarity

In addition to fostering geographical proximity and providing
intermediary services, USPs also enhance knowledge complementarity
by attracting firms that align with the university tecnological abilities
and expertise, thereby boosting R&D collaborations and innovation.

To test this, we examine evidence from two perspectives: First, we
assess the role of universities’ ability to manage complex technologies.
Using all patents solely applied by universities in 2006, we identified
their primary IPC-4 classifications and matched them with technology
complexity measures from Broekel (2019). Based on these metrics, we
calculated each university’s average technological complexity for 2006.
Universities with complexity levels above the mean were categorized as
“high ability universities,” while those below the mean were labeled as
“low ability universities.”

The results in Table 5 reveal a significant increase in UI cooperative
patents for high ability universities following the establishment of USPs.
In contrast, low ability universities exhibited no significant changes.
This finding indicates that USPs primarily facilitate collaborative pat-
enting for universities with greater R&D capabilities, as these in-
stitutions generate more advanced knowledge spillovers, fostering
better knowledge complementarity with firms.

Second, we analyze the effect of USPs on universities’ advantageous
technological fields. Using all patents applied by universities in 2006,
we classified each university’s IPC-4 fields based on the mean number of
patents per field. Fields exceeding the mean were designated as ad-
vantageous fields, while those below the mean were considered non-
advantageous fields. For each field, we calculated the annual number
of UI collaborative patents.

The results in Table 6 highlight that USPs significantly boosted
collaborative patents in universities’ advantageous fields, with total
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Table 5
Mechanism: knowledge complementarity (technological capabilities of
universities).

@ (@) 3

Ln (1 + Collaborative patents)
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universities. To investigate this, we obtained data on firms controlled by
universities from Tianyancha, classifying them as university-owned
firms. The analysis involved calculating the number of newly estab-
lished university-owned firms for each university in a given year. Sub-
sequently, we matched the names of university-owned firms with
collaborative patent applicants and determined the number of

Total Invention Utility university-owned firms collaborating with universities in a specific year.
USPs x Universities with high ability 0.658** 0.525*** 0.481%** Finally, the study identified the number of collaborative patents

(0.111) (0.097) (0.095) involving university-owned firms for each university in that year.
USPs x Universities with low ability —0.131 —-0.132 —0.097 Table 7 . hether the effects of USP llaborati t

0.128) (0.081) (0.095) able 7 examines whether the effects of USPs on collaborative pat-
University FE % Y % ents are influenced by university-owned firms. Columns (1) and (2)
Year FE Y Y Y reveal that USPs do not lead to the establishment of new university-
City # Year FE Y Y Y owned firms and the number of university-owned firms collaborating
Observations 3496 3496 3496

Notes: This table, from the perspective of the technological capabilities of uni-
versities, examines USPs’ promotion of UI collaboration by facilitating UI
knowledge complementarity. The dependent variables, Ln (1 + Collaborative
Patents), are the natural logarithm of one plus the number of collaborative
patents. Using data on patents independently applied for (and ultimately gran-
ted) by universities in 2006, we matched these patents to the technology
complexity categories provided by Broekel (2019) and calculated the average
technological complexity of patents for each university in 2006. Universities
with complexity levels above the mean were categorized as “High-ability uni-
versities,” while those below the mean were labeled as “Low-ability univer-
sities.” Standard errors are clustered at the university level. *** p < 0.01, ** p <
0.05, * p < 0.1.

patents, invention patents, and utility model patents increasing by 21.6
%, 17.1 %, and 13.7 %, respectively. In contrast, non-advantageous
fields showed a more modest increase of 11.9 % in total cooperative
patents, primarily driven by utility model patents.

These findings underscore that the mechanism of knowledge
complementarity in UI collaboration relies heavily on universities’ ad-
vantages in technological capability and specialized knowledge. The
establishment of USPs amplifies this effect, particularly for universities
with strong R&D capabilities and advantageous technological domains,
resulting in a higher volume of collaborative patents. Together, the ev-
idence from Tables 5 and 6 strongly supports Hypothesis 4, demon-
strating the critical role of USPs in fostering knowledge-driven UI
collaboration.

4.2.4. Other competing mechanisms

In addition to the three main mechanisms discussed above, we also
examined two alternative competing mechanisms. The first is “univer-
sity-owned firms,” which suggests that policy incentives and subsidies
for USPs may encourage newly established university-owned firms to
leverage academic achievements for profit or motivate existing
university-owned firms to increase investment in collaboration with

Table 6

with their affiliated universities does not show any significant increase.
Columns (3)—(5) investigate the impact of USPs on the number of patents
involving university-owned firms. The coefficients across these columns
are close to zero, aligning with the results in Column (2) and indicating
no discernible effect. Taken together, the findings in Table 7 demon-
strate that the observed increases in collaborative patents following the
establishment of USPs are not driven by university-owned firms.

The second is “investment expansion,” which posits that establishing
USPs could attract industry funds, increasing university income and
incentivizing universities to invest more in applied research, thus
expanding their R&D staff. A substantial body of literature has demon-
strated that the income generated from research achievements signifi-
cantly enhances scientists’ motivation for innovation (Jensen and
Thursby, 2001; Lach and Schankerman, 2008; Baldini, 2010; Hvide and
Jones, 2018). Strengthening UI connection is advantageous for con-
verting technological resources into income, thereby increasing returns
from industry (Gulbrandsen and Smeby, 2005; Welsh et al., 2008; D’este
and Perkmann, 2011; Ankrah et al., 2013; Bikard et al., 2019). This may
lead universities to prioritize applied research (Henderson et al., 1998;
Link and Scott, 2003; Chai and Shih, 2016), increasing the employment
of highly productive researchers.

Utilizing data from Compilation, we measure the size of R&D staff and
full-time R&D staff. Additionally, we gauge the structure of R&D staff by
examining the proportion of R&D staff with professor titles and full-time
positions. Table 8 reveals that USPs have no significant impact on the
quantity or structure of R&D staff. These findings indicate that USPs do
not contribute to an expansion in the university’s R&D workforce or a
change in its composition. Therefore, the effect of USPs on UI collabo-
ration cannot be attributed to increased investment.

Mechanism: knowledge complementarity (advantageous technologies of universities).

m )

4 5) (6)

Ln (1 + Collaborative patents)

Advantageous fields

Non-advantageous fields

Total Invention Utility Total Invention Utility
USPs 0.216*** 0.171%** 0.137** 0.119** 0.079 0.091***
(0.077) (0.062) (0.061) (0.059) (0.054) (0.033)
University FE Y Y Y Y Y Y
Year FE Y Y Y Y Y Y
City # Year FE Y Y Y Y Y Y
Observations 3496 3496 3496 3496 3496 3496

Notes: This table, from the perspective of the university’s advantageous technological fields, examines USPs’ promotion of Ul collaboration by facilitating UI
knowledge complementarity. The dependent variables, Ln (1 + Collaborative Patents), are the natural logarithm of one plus the number of collaborative patents. Using
data on patents independently applied for (and ultimately granted) by universities in 2006, we calculated the number of patents for each university in each technology
field (main IPC-4). Technology fields with patent counts above the mean were classified as “advantageous technology fields,” while those below the mean were
classified as “non-advantageous technology fields.” Standard errors are clustered at the university level. *** p < 0.01, ** p < 0.05, * p < 0.1.
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Table 7 Table 9
Competitive mechanisms: university-owned firms. Robustness: extensive margin and intensive margin.
@ (2 3 €] [©)] @ (2
Ln (1 + Firms) Ln (1 + Collaborative patents Extensive margin Intensive margin
with university-owned firms) Ln(1 + Technological fields) Ln(1 + Patents)
New firms Univ_Firms_co Total Invention Utility USPs 0.454%** 0.003***
0.104 0.001
USPs —0.054 0.008 0.010 0.010 —0.002 University FE ; ) (Y )
ni _— ;0.068) (YO.008) (YO.014) (Y0.012) (YO.OOS) Year FE Y v
Y““":;‘ y v v v v v City # Year FE Y Y
Cietz;r# Year FE Y Y Y Y Y IPC-4 FE N Y
Ob: ti 3496 2,583,544
Observations 3496 3496 3496 3496 3496 servations

Notes: The table excludes competitive mechanisms—USPs promote the increase
in collaborative patents by facilitating the creation of university-owned firms.
The dependent variable in Column (1) is the number of newly established
university-owned firms. The dependent variable in Column (2) is the number of
university-owned firms that collaborated with the university. The dependent
variable in Columns (3) to (5) is the number of patents that collaborate with
university-owned firms. All the regressions control the university, year, and city-
year fixed effects. Standard errors are clustered at the university level. *** p <
0.01, ** p < 0.05, * p < 0.1.

Table 8
Competitive mechanisms: investment expansion.
@™ 2) 3) [©)]
Size: Ln (1 + People) Structure: Ratio
R&D Full-time Ratio of professors  Ratio of full-
staff R&D staff in R&D staff time R&D staff
USPs —-0.010 —0.003 —0.024 0.011
(0.088) (0.095) (0.019) (0.011)
University FE Y Y Y Y
Year FE Y Y Y Y
City # Year FE Y Y Y Y
Observations 2652 2652 2652 2652

Notes: The table excludes competitive mechanisms—USPs promote the expan-
sion of R&D staff, thereby promoting an increase in collaborative patents. The
dependent variables in Columns (1) and (2) are the number of R&D staff and full-
time R&D staff. The dependent variable in Columns (3) and (4) is the proportion
of R&D staff with professor titles and full-time positions. Because of the missing
in Compilation, we only successfully matched 233 universities in this table. All
the regressions control the university, year, and city-year fixed effects. Standard
errors are clustered at the university level. *** p < 0.01, ** p < 0.05, * p < 0.1.

5. Robustness checks
5.1. Other measurements

To reinforce the baseline findings, we further decompose the impact
of USPs on UI collaborative patents by examining the extensive and
intensive margins from a technology field perspective, which provides
deeper insights into the breadth and depth of innovation activities
facilitated by USPs. For the extensive margin, we measure the number of
technological fields involved in UI collaborative patents at the university
level, identified using the first four digits of the IPC code (IPC-4). Col-
umn (1) of Table 9 shows that USPs increase the number of technological
fields by 45.4 %.

Moving on to the intensive margin, we assessed the annual collab-
oration intensity by calculating the number of patents each university
collaborates with firms in each technological field. Constructing panel
data with three dimensions—university, technological field, and
year—we conducted regression using eq. (1), incorporating fixed effects
for technological fields. As shown in Column (2) of Table 9, USPs lead to
a 0.3 % annual increase in collaboration intensity. These results
demonstrate the significant and multifaceted impact of USPs on both the
breadth (extensive margin) and depth (intensive margin) of UI
collaboration.
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Notes: The table shows the USPs’ impact on UI patents by examining extensive
and intensive margins across technology fields. The extensive margin is defined
as the number of technological fields involved in all the UI collaborative patents
at the university level. The intensive margin is defined as the number of patents
each university collaborates with firms in each technological field annually. In
Column (2), the data structure is a three-dimensional panel with university,
technological field, and year. Standard errors are clustered at the university
level. *** p < 0.01, ** p < 0.05, * p < 0.1.

5.2. Confounding factors

Despite our efforts to control for potential biases through university,
year, and city-year fixed effects, there remains a possibility of biased results
stemming from specific university-level policies. To investigate this
concern, we specifically focus on the National Key Discipline Project (NKDP),
initiated by the Chinese Ministry of Education in 2010. This project targets
the advantageous disciplines of 84 universities to enhance their innovation
capabilities, with financial support provided by both the central and local
governments. To address this potential confounding factor, we introduce a
dummy variable indicating whether a university is supported by NKDP in
Appendix Table A1. However, including this variable does not significantly
alter our main results. This reinforces the credibility and robustness of our
findings, suggesting that the observed effects of USPs on collaborative
patents are not materially influenced by NKDP.

Since 2000, the Chinese government implemented a multitude of pol-
icies to foster the development of higher education, raising the concern that
our findings might be influenced by other confounding policies. Many of
these policies primarily target the enhancement of basic research capa-
bilities in Chinese universities. However, it’s essential to distinguish USPs
from these policies, as USPs’ primary objective is to expedite the trans-
formation of scientific and technological achievements and foster tech-
nological entrepreneurship, rather than directly enhancing basic research.

Theoretically, the establishment of USPs should not significantly affect
university-based basic research. To explore this possibility and ensure that
observed effects on UI collaborative patents are not confounded by un-
disclosed factors influencing basic research, we measure university basic
research using Chinese journal publications and Web of Science (WOS)
journal publications. The results presented in Appendix Table A2 indicate
that both measurements yield small and statistically insignificant co-
efficients, suggesting that USPs have no discernible impact on the quantity
of academic papers. These findings bolster our confidence that other
concurrent confounding policies have not substantially affected our esti-
mation of the impact of USPs on collaborative patents.

5.3. Outlier observations

As depicted in Fig. 1, there are noticeable variations in the distribution
of USPs across provinces, with Beijing and Shanghai hosting the most
significant number of parks and being areas with the highest concentration
of high-tech firms in China. To address concerns about potential influences
from outlier provinces with unobservable factors, we adopt a rigorous
approach by excluding one province at a time and recalculating the
regression equation. The results presented in Appendix Fig. A2 show that
all the estimates remain consistently positive and statistically significant.
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5.4. Randomly generated USP status

To rigorously assess the impact of omitted variables on the results, we
randomly assign the USP status to universities and conduct the regression
using Eq. (1). This random data generation and regression process are
iterated 1000 times. The results, asillustrated in Appendix Fig. A3, depict
the distribution of estimates from the 1000 runs alongside the baseline
estimate. The distribution of estimates from random assignments is
centered around zero, indicating no discernible effect on the randomly
constructed USP implementation. These observations strongly suggest
that unobserved factors do not account for the significant impact of USPs
on Ul collaborative patents, reinforcing the robustness of our findings and
providing confidence in the causal relationship identified.

6. Further discussion: The quality effects of USPs on Ul
collaborative patents

In the previous section, we analyzed the impact and mechanisms of
USPs on UI collaborative patents. However, given the significant vari-
ation in patent value, merely counting patents does not adequately
distinguish breakthrough innovations from incremental ones. Patent
citations offer a more nuanced measure of impact, capturing knowledge
flows and identifying pivotal points of technological learning (e.g.,
Almeida and Kogut, 1999). Drawing on the frameworks established by
Trajtenberg (1990), Anton-Tejon et al. (2024b), and Kong et al. (2022),
we use forward citation counts as a proxy for innovation quality to assess
the effects of USPs on the quality of UI collaborative patents.

Specifically, we calculate the average number of forward citations of UI
collaborative patents of university i in year t. To address the truncation
problem in patent citation data (where earlier patents tend to have higher
citations), we divide the average number of citations by the patent age to
obtain annual citations. Columns (1)-(3) in Table 10 display the results
regarding the impact of USPs on annual citations for collaborative patents,
collaborative invention patents, and utility model patents. Our findings
indicate that USPs significantly increase the quality of UI collaborative
patents, which is consistent with Anton-Tejon et al. (2024b). The annual
citations for collaborative patents increased by 12.2 %, primarily driven by
a16.8 % average increase in invention patents. These results align with our
previous conclusion that invention patents are more challenging to
develop and possess more excellent technical content than others.

Further, considering the heterogeneity in different technological
fields, we standardized the number of forward citations according to Hall
et al. (2001). As shown in eq. (3), Citation;, represents the standardized
citations for university u in year t, Citation; denotes the number of patent i
citations that applied in year t, Mean citationy, is the average citations to
patents in the same technology field as patent i in year t, Number,, cor-
responds to the count of patents affiliated with university uin year t, Age;
is the age of patent i, calculated as 2021 minus ¢ (our data is collected in
2021). Columns (4) to (6) in Table 10 display that the impact of USPs on
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collaborative patents, invention patents, and utility model patents is
significantly positive when accounting for heterogeneity across various
technological fields. Similar to the findings presented in Columns (1) to
(3), a more pronounced effect is observed on invention patents.

3

Lo
Citation,, =

3. Citation/yre o citationy, / , .
Number, 8¢

7. Conclusion

UI collaboration is vital for industrial and economic development.
Governments worldwide have increasingly implemented USPs as a
strategy to facilitate such collaboration. By analyzing the staggered
establishment of China’s USPs from 2006 to 2016, this study provides
robust causal evidence of their impact. Specifically, USPs significantly
boost the quantity of UI collaborative patents, particularly invention and
utility model patents, while also enhancing their quality, as reflected in
increased citations. These effects are driven by mechanisms such as
spatial proximity, intermediary services, and knowledge complemen-
tarity, which collectively foster interaction, reduce search and matching
costs, and align university expertise with industrial needs.

The findings hold significant implications for policymakers. First,
USPs should be regarded as an indispensable component of national
innovation ecosystems. They serve as bridges connecting academic and
industrial sectors, thereby addressing structural inefficiencies in knowl-
edge transfer. This is particularly critical for emerging economies, where
firms often lack the innovative capacities needed to compete in global
markets. Policymakers should consider providing financial incentives,
infrastructure support, and governance mechanisms to optimize the
functioning of USPs. Second, given the importance of spatial proximity,
strategic location planning for USPs is essential to maximize their impact
on UI collaboration. Third, governments should encourage small and
medium-sized enterprises to engage in USP-facilitated collaborations, as
these firms often benefit the most from university knowledge spillovers.

This paper offers significant contributions to the academic literature
and provides valuable implications for scholars studying UI collaboration.
First, with respect to extant research (e.g., Colombo and Delmastro, 2002;
Bakouros et al., 2002), it establishes a robust empirical framework for
evaluating the impact of USPs on collaborative innovation. It is the first to
examine the gradual introduction of science parks at Chinese universities
and to apply the DID method to quantitatively identify the causal impact of
USPs on Ul collaboration. Second, based on the existing research (e.g.,
Vedovello, 1997; Phan et al., 2005; Anton-Tejon et al., 2024a), the study
advances the understanding of the mechanisms through which USPs foster
Ul collaboration, identifying spatial proximity, intermediary services, and
knowledge complementarity as key channels. These insights provide a
more nuanced view of how USPs bridge the gap between academia and
industry. Moreover, extending current literature (Huang et al., 2012;
Albahari et al., 2017; Lamperti et al., 2017; Unlii et al., 2023; Anton-Tejon

Table 10
The effects of USPs on UI collaboration: quality effect.
@™ 2) 3 “@ ) 6)
Ln (1 + Citations of collaborative patents)
Total Invention Utility Total_std Invention_std Utility_std
USPs 0.122%** 0.168%** 0.051%** 0.039%** 0.052%** 0.018%**
(0.036) (0.043) (0.016) (0.009) (0.011) (0.005)
University FE Y Y Y Y Y Y
Year FE Y Y Y Y Y Y
City # Year FE Y Y Y Y Y Y
Observations 3496 3496 3496 3496 3496 3496

Notes: This table explores the impact of USPs on the quality of collaborative patents. The dependent variables, Ln (1 + Citations of collaborative patents), are the
natural logarithm of one plus citations of collaborative patents. Columns (1)-(3) present estimates for collaborative patents, collaborative invention patents, and
collaborative utility model patents with university, year, and city-year fixed effects. Similarly, the results in Columns (4)—(6) are standardized citations by Hall et al.
(2001). Standard errors are clustered at the university level. *** p < 0.01, ** p < 0.05, * p < 0.1.
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et al., 2024a, 2024b), our use of patent citations as a proxy for quality
highlights the broader implications of USPs beyond mere patent quantity,
emphasizing their role in enhancing innovation outcomes. Collectively,
this study seeks to add to the growing literature on UI collaboration by
providing causal evidence, methodological insights, and a perspective on
the dynamics within innovation ecosystems.

While our study provides valuable insights into the impact of USPs
on UI collaboration, it is not without limitations. First, the analysis is
based on data from China, which may limit the generalizability of the
findings to countries with different institutional and cultural contexts.
Comparative studies across countries could shed light on how these
contextual differences influence the effectiveness of USPs. Second, this
study uses patent citations as a proxy for patent quality, which, while
widely accepted, cannot fully capture the practical application or
commercialization of patents. Future research could explore alternative
metrics, such as licensing revenues or the formation of high-growth
firms, to provide a more comprehensive view of USP impacts. Third,
this study primarily examines the short- to medium-term effects of USPs,
leaving the long-term impacts on regional innovation and economic
development an open question. Longitudinal studies could help under-
stand how USP contributions evolve over time, particularly in support-
ing emerging technologies and fostering sustainable innovation

Appendix A

In(1+total collaborative patents)

Periods since the event

< De Chaisemartin & D' Haultfeuille et al.
A Sun-Abraham

® Callaway-Sant'Anna
+ Two-way Fixed Effect

a. Collaborative Patents

In(1+collaborative utility model patents)
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ecosystems. Lastly, future research could also investigate the interplay
between USPs and other innovation policies, such as tax incentives or
intellectual property reforms, to better understand how these initiatives
complement or substitute one another in promoting UI collaboration.
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Fig. Al. Event study using alternative estimators.

Notes: The figure shows event study results using estimators from traditional two-way fixed effects, De Chaisemartin and d’Haultfoeuille (2020), Callaway and
Sant’Anna(2021), and Sun and Abraham (2021). Figs. Ala to Alc represent the event study of the number of patents, invention patents, and utility model patents,
respectively. All dependent variables are the natural logarithm of one plus the patent count. The X-axis represents the relative time, while the Y-axis shows the
coefficients. Points in each panel represent estimated effects at each event time, with blue dotted lines indicating 95 % confidence intervals.
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Fig. A2. Robustness: excluding the effect of outlier observations.

Notes: As the distribution of science parks varies across regions, we control for outliers by excluding one province at a time and re-estimating. The dependent variable,
Ln (1 + Patents), is the natural logarithm of one plus the number of patents. The points in each figure represent the estimated effects when we drop a province, and
the dotted blue lines represent the 95 % confidence intervals. All the regressions control the university, year, and city-year fixed effects. We excluded each province

from our sample one at a time. Standard errors are clustered at the university level.
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Fig. A3. Robustness: randomly generated USP status.
Notes: The figures show the cumulative distribution density of the t-statistics from 1000 simulations randomly assigning USP status to universities. The vertical line
presents the t-statistics of Column (5) to (7) in Table 2.

Table Al
Robustness: controlling the impact of national key discipline project.
m (2) 3
Ln (1 + Collaborative Patents)
Total Invention Utility
USPs 0.508%*** 0.400%** 0.371%**
(0.109) (0.092) (0.090)
National Key Discipline Project —0.059 0.004 —0.091
(0.123) (0.107) (0.091)
University FE Y Y Y
Year FE Y Y Y
City # Year FE Y Y Y
Observations 3496 3496 3496

Notes: This table excludes the impact of the National Key Discipline Project (NKDP). The project was initiated by
the Chinese Ministry of Education in 2010 and targets the advantageous disciplines of 84 universities to enhance
their innovation capabilities. The dependent variables, Ln (1 + Patents), are the natural logarithm of one plus
the number of patents. Columns (1)-(3) present estimates of the number for collaborative patents, collaborative
invention patents, and collaborative utility model patents with university, year, and city-year fixed effects.
Standard errors are clustered at the university level. *** p < 0.01, ** p < 0.05, * p < 0.1.
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Table A2
Robustness: excluding the impact of unobserved cofounding policies.
@™ (2)
Ln (1 + Papers)
Chinese journal papers WOS journal papers
USPs —0.023 0.043
(0.047) (0.098)
University FE Y Y
Year FE Y Y
City # Year FE Y Y
Observations 3496 3496

Notes: This table examines the impact of USPs on academic papers. The dependent variables,
Ln (1 + Papers), are the natural logarithm of one plus the number of papers. Columns (1) and
(2) present estimates of the number of Chinese journal papers and WOS journal papers with
university, year, and city-year fixed effects. Standard errors are clustered at the university

level. *** p < 0.01, ** p < 0.05, * p < 0.1.

Data availability
Data will be made available on request.
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