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Barriers to innovation and innovation performance: The mediating role of external
knowledge search in emerging economies
Abstract

Using survey data from companies located in the Wuxi (Taihu) international science park in
China, we aim to analyze to what extent science park residents experience barriers to
innovation and to what extent opening up the innovation process allows them to overcome
constraints and increase innovation performance. Findings indicate that surveyed firms that
mostly undertake incremental innovation perceive many constraints and that the depth of
external knowledge search—that is, the intensity of the relationship with external sources of
knowledge—significantly influences innovation performance, mediating the relationships
between innovation barriers and innovation performance. Our results allow us to explain how
open innovation practices can be used to mitigate existing barriers, and therefore permeate the
knowledge filter, and to theorize on the importance of institutional factors for open innovation
theory in emerging economies.

Keywords: Open innovation; Science parks; Barriers to innovation; China; Innovation
performance.

Tweetable headline: Is quality not quantity that matters! The intensity of relationships with
external knowledge sources helps to mitigate innovation constraints, facilitate the flow of
knowledge and enhance innovation performance in emerging market firms.

We surveyed high-tech SMEs located in the Wuxi (Taihu) international science park in China
to find out to what extent external firm barriers to innovation have an impact on the innovation
performance of science park residents, and how open innovation strategies affect this
relationship. Here the main implications:

1) Research: Institutional factors need to be considered when studying open innovation,
particularly in an emerging country context. Results emphasize the importance of deeper
external knowledge sources as one mechanism to mitigate institutional barriers.

2) Management: Human resource constraints are an important barrier for SMEs and managers
should stimulate learning through reward systems and training that increase absorptive and
innovative capacity ability.

3) Policy: Local officials responsible for the management of science parks in China should put

more efforts in providing financial support by creating specialized venture capital and a better
knowledge of risk analysis from the financial system.

JEL codes: O36; O32; L26.



1. Introduction

Innovating organizations are likely to face many challenges and impediments
throughout the innovation process (D’Este et al. 2012; Madrid-Guijarro et al. 2009; Sandberg
and Aarikka-Stenroos 2014). While some authors consider innovation barriers advantageous
as they screen out the most impractical innovation projects (Holzl and Janger 2012), extant
studies reveal that barriers normally either prevent or hamper innovative activity (D’Este et
al. 2012; Hadjimanolis 2003; Larsen and Lewis 2007). To overcome these obstacles, several
scholars have recommended that pursuing assistance from external actors is a critical part of
the organization’s innovation strategy; as a result, the way that organizations innovate is
becoming more open (Chesbrough 2003; Chesbrough et al. 2006). In this innovation-focused
framework, governments, research institutions, and organizations are taking action to foster
innovation (Figlioli and Porto 2012). Some of these initiatives comprise producing
environments that foster interaction amongst different stakeholders at the local level. Science
parks, for example, have risen to prominence as settings with advantageous conditions for
innovation (Bellavista and Sanz 2009), with past research demonstrating that organizations
gain from complementary knowledge when they co-locate in an industrial cluster to take
advantage of knowledge collaboration and spillover (Audretsch and Belitski 2019; Belitski
and Desai 2016). The large majority of science parks are policy-driven, government-
sponsored initiatives and agglomerations (Huang et al. 2012), and are intended to foster the
emergence and development of on-site technology and knowledge-based organizations,
allowing resident organizations to have access to resources and settings at lower transaction
costs (Williamson 1991). This is particularly pertinent in the case of emerging economies
like China, where science parks operate as government agencies but have relatively high
autonomy and take a pivotal responsibility in driving innovation (Huang et al. 2012).

However, in spite of science parks' extensive diffusion and the favorable conditions



for science park residents, there is still no settlement on the usefulness of science parks
(Albahari et al. 2018). Therefore, we ask: To what extent do external firm barriers to
innovation have an impact on the innovation performance of science park residents, and how
do open innovation strategies affect this relationship?

Building on the knowledge spillover theory of entrepreneurship (KSTE) (Audretsch
and Keilbach 2008; Audretsch et al. 2006; Audretsch and Belitski 2013; Belitski and Desai
2016), and using the knowledge filter concept to express spillover barriers (Acs et al. 2004),
we intend to analyze to what extent high-tech firms located in science parks in an emerging
economy face barriers to innovation and to what extent they overcome these challenges—in
particular, by opening up their innovation process through external knowledge breadth or
depth (Laursen and Salter 2006). This follows recent calls for a better understanding of how
open innovation practices enhance knowledge spillovers in emerging economies (Kafouros
and Forsans 2012; Spithoven et al. 2013) and the need to study the efficiency of science parks
in China (Tian 2013).

Our empirical study is based on a survey of 137 firms operating in the Wuxi
international science park, one of the 53 state-level parks created by the Ministry of Science
and Technology of China. Results indicate that science park residents perceive barriers to
innovation in terms of qualified personnel, inter-firm cooperation, and financial constraints,
but those barriers do not significantly limit their innovation performance. While most of the
firms innovate, their innovation is mostly incremental in nature. Findings indicate that firms
facing barriers to innovation increasingly turn to external knowledge searches, namely
drawing deeply from external sources of knowledge, with a positive influence on innovation
performance. Results also denote that external knowledge depth! mediates the relationship

between barriers to innovation and innovation performance.

' We followed Laursen and Salter (2006), who define external knowledge depth as the degree to which companies draw on different search
channels as sources of knowledge that are intensively integrated into the firm's innovation processes.



The contributions of this study are threefold. Firstly, the study shows that science
parks in emerging economies allow resident firms to innovate despite perceived barriers, and
therefore play an important role in innovation ecosystems, empirically testing past theoretical
arguments (Albahari et al. 2018). Therefore, our study adds to the literature on science parks
by adding to the knowledge on the efficiency of science parks as an instrument of innovation
and the scholarly discussion of whether innovation needs to be spatially limited or if science
parks could eventually be a limit to innovation. This is particularly important when advanced
information and communication technologies (ICTs) make cooperation across locations and
borders possible (Boschma 2005), and when foreign market knowledge acquisition through
international activity has been proven to be important for improving innovative capabilities
(Torres de Oliveira et al. 2019; Williams et al. 2016).

Secondly, from an open innovation viewpoint, this research highlights the importance
of external sources of knowledge to increase innovation performance, and the importance of
deep openness to mitigate barriers to innovation. Therefore, we add to the debate by not only
focusing on the barriers to open innovation strategies themselves (e.g., Savitskaya et al. 2010;
V. van de Vrande et al. 2009) but also on how open innovation can be used as a strategy in
itself to diminish barriers to innovation performance. In addition, we contribute to the
knowledge-sourcing literature by explaining that knowledge-sourcing is also based on
institutional and strategic reasoning. Indeed, this results extends the findings of previous
studies which identify absorptive capacity (De Nicolai et al., 2016), technological, cognitive,
and cultural proximity (Boschme, 2005: Balland et al. 2015) as well as geographic perspective
(Roper et al. 2017) as relevant factors influencing external knowledge search.

Finally, we add to the KSTE (Audretsch & Keilbach 2007; Audretsch et al. 2006) by
explaining how high-tech emerging-economy firms located in a science park are permeating

the knowledge filter (Braunerhjelm et al. 2010) by engaging in deeper open innovation



strategies, thus circumventing existing institutional barriers. As such, we uncover the
importance of institutional factors when studying open innovation. Moreover, we highlight
the importance of deeper open innovation as one mechanism to penetrate the knowledge filter
in addition to other mechanisms identified in previous studies like entrepreneurship (Acs et

al., 2004; Carlsson et al., 2009) and absorptive capacity (Qian and Jung, 2017).

2. Theoretical framework and hypotheses

2.1. Barriers to innovation and innovation performance

Knowledge and innovation are vital to firm competitiveness, and, increasingly, companies
are abandoning the idea that knowledge generation is mostly an internal process and are
starting to source knowledge externally (Colombo et al. 2011) within local ecosystems
(Audretsch and Belitski 2017), collaborating with competitors, suppliers, and research
institutes and universities (Scandura 2016). This strategy has augmented the significance of
external sources of knowledge to a central strategic problem (Howells 2006).

Diverse knowledge-based intensive research institutions, namely universities, private
research institutions, and business services, have been recognized as means for knowledge
spillovers, stimulating organizations to advance their inner innovative resources and
capabilities (Thoméa and Bizer 2013). According to the KSTE (Carlsson et al. 2009;
Audretsch and Keilbach 2008; Audretsch and Lehmann 2005), designs and knowledge
created in one firm context (such as an organization or university research laboratory) but
which are left uncommercialized as the outcome of the ambiguity inherent in knowledge,
assist as a basis of knowledge-generating entrepreneurial prospects.

However, barriers can preclude current knowledge from being transformed into
economic knowledge (Braunerhjelm et al. 2010). These barriers have been denoted as

“knowledge filters.” The manifestation of a knowledge filter fosters the difference between



the beneficial knowledge created by knowledge-creating organizations and the genuine
knowledge that organizations eventually commercialize (Audretsch et al. 2020; Audretsch
and Keilbach 2007). Most authors categorize barriers into internal and external obstacles
(Hadjimanolis 2003; Madrid-Guijarro et al. 2009; Piatier 1984). Internal obstacles are those
that arise inside the company (e.g., mindset, competencies, resources, organizational
structure), while external barriers or institutional factors (e.g., the education system,
availability of specialized human resources, the financial system) are those that result from
the external environment and are largely uncontrollable by single firms (Sandberg and
Aarikka-Stenroos 2014).

The KSTE erects on the foundation that the spillover of knowledge—particularly its
tacit element—is spatially bounded (Howells 2002). The theory states that entrepreneurship
is higher in the presence of larger investments in knowledge. Prospects for entrepreneurial
activities are higher when the aptitude to access knowledge spillovers from geographically
neighboring sources is superior. This can be the case when the entrepreneur is situated in
nearby proximity to research-intensive institutions, universities, large high-technology
organizations, or other that produce knowledge (Audretsch and Lehmann 2005), such as in
science parks (Audretsch and Belitski 2019). Science parks usually offer science park
residents favorable conditions for innovation (Vasquez-Urriago et al. 2016) in the form of
physical infrastructure, support services, and relationship networks with other firms and with
other research intensive centers such as universities, among others.

From the late 1980s that the Chinese Government has been encouraging the
emergence and expansion of national science parks (Hu 2007; Cheng et al. 2014), which are
regarded as very important components of China's National Innovation System. Although
science parks have been vigorously encouraged by overseas firms, China’s political and legal

system, culture, and economic development strongly influence the purpose, function, and



behavior of Chinese science parks compared with their foreign equivalents (Macdonald and
Deng 2004). Authors have found that their solid prejudice toward production and export-
oriented high-technology manufacturers and their heavyweight dependence on overseas
investment sets China’s science parks apart from those found in developed economies
(Sutherland 2005). Moreover, science parks in China have a hierarchical structure, with
national-level parks enjoying more preferential policies than local- and municipal-level parks
(Cheng et al. 2014) that have been established in recent years as a result of political
decentralization (Zhang and Wu 2006).

In spite of their widespread diffusion and the favorable conditions for science park
residents, we still lack consensus on the efficacy of science parks (Albahari et al. 2018).
Considering the ambiguity of the results of previous studies (e.g., Fukugawa 2006; Siegel et
al. 2003; Yang et al. 2009; Hansson et al. 2005; Colombo and Delmastro 2002) and the
characteristics of the Chinese business system (Redding and Witt 2009)—that is, the
government’s strong role, lack of clear definition of property rights, financial intermediaries
mostly oriented toward state-controlled firms, top-down supervisor—subordinate
relationships, and a weak education system—we assume that, despite the favorable

environment, science park residents may still face constraints to innovations.

2.2. External knowledge search and innovation performance

Open innovation is a paradigm that states that when organizations look to development their
technology or innovations, they can and should use external ideas instead of depending only
on internal areas (Chesbrough 2006). Indeed, many organizations are increasingly
considering knowledge and ideas from external sources of the organizational boundaries to
stimulate innovation and improve the firm’s innovation performance (Badawy 2011;

Gambardella and Panico 2014; Love et al. 2014; Grigoriou and Rothaermel 2017; Van de



Vrande 2013; Verreynne et al. 2020). According to Laursen and Salter (2006), external
knowledge can be measured by external search breadth and depth. External search breadth is
defined as the number of different sources of knowledge that a firm relies upon for their
innovation activities, and external search depth is outlined as the extent to which
organizations extrapolate from external sources (Laursen and Salter 2006).

The combined use of external and internal knowledge to stimulate a firm’s innovation
is an important cornerstone of the open innovation concept (Chesbrough 2006), and recent
studies indicate that the concurrent engagement in co-creation with external partners and
internal innovation delivers extra improvements in new product or service commercialization
(Audretsch and Belitski 2019). However, the management of knowledge spillovers and
knowledge collaboration remains one of the main challenges facing firms (Audretsch et al.
2020; Belitski et al. 2019). Studies suggest that firms might diverge in their capacity both to
engage in knowledge-sourcing actions and exploit the local knowledge infrastructure (Roper
et al. 2017; Audretsch and Belitski 2019). Indeed, scholars indicate that different factors such
as absorptive capacity (Denicolai et al., 2016), geography (Roper et al., 2017), technological,
cognitive, and cultural proximity (Boschme,2005; Balland et al., 2015) influence external
knowledge source. Moreover, constraints in effectively applying resources are important as
they have an impact on innovative performance and a firm's search approach in both breadth
and depth (Garriga et al. 2013).

Past research on both developed and emerging economies has shown that there is a
significant positive relationship between dissimilar constraints to innovation and external
knowledge search. With a large-scale panel data from a Swiss Innovation Survey, Keupp and
Gassmann (2009) investigated in what way constraints to innovation impact on the depth and
breadth of knowledge search. The researchers combined innovation barriers into information-

and capabilities-related constraints and risk-related obstacles. Their results show that both



innovation barrier groups positively and significantly impact the breadth and depth of
knowledge search. Using the same survey, Garriga and colleagues (2013) established that
obstacles related to organizational resources affect external search breadth and depth
positively in the case of incremental innovation but not radical innovation.

In an emerging-economy setting, and with a Chinese manufacturing firm-level survey,
Fu and colleagues (2014) show that Chinese firms that suffer from different innovation
barriers (finance/risk, knowledge/skills, and institute/market barriers) are more likely to
engage in external knowledge searches, both from a breadth and depth perspective. Yet, the
strength of those relationships varies across firm size, technology intensity, and ownership
type. The same authors argue that external knowledge search should be expected in firms in
emerging economies since they tend to face substantial resource, capability, and institutional
constraints, which impact their innovation performance. When considering the science park
environment, we might also expect that these barriers will also be drivers for collaboration
(Belitski 2019). Building on those results, we suggest the following:
H1. Barriers to innovation positively affect the external knowledge search of science park

residents.

To grow and innovate, organizations need to agglutinate different sources of outside
knowledge to take advantage from investment in research and development (R&D) and vice
versa (Audretsch and Belitski 2020). In fact, the specific element of knowledge is at the core
of open innovation (Dahlander and Gann 2010; Lopez-Vega et al. 2016; Mina et al. 2014;
van de Vrande and de Man 2011). For example, Laursen and Salter (2006) found that depth
and breadth searching across a multitude of search channels can provide organizations with
new ideas and resources that they can use to improve their innovation performance and

opportunities. Access to broad knowledge facilitates understanding of new information



(Chiang and Hung 2010) and potential changes, and helps to increase the organization’s
knowledge pool (Ferreras-Méndez et al. 2015). External knowledge can help companies to
find new market opportunities (Wang et al. 2015) and the possibility of finding technical
solutions to meet customer needs (Hargadon and Sutton 1997).

More intense links with different external sources of knowledge provide firms with
access to different forms of knowledge and abundant opportunities to learn (Love et al.
2014). Moreover, external knowledge searches through the intensive use of different
channels allow firms to deepen their knowledge and relationships with other partners and
enable a common approach when working together (Cruz-Gonzalez et al. 2015). However,
we also know that when the strategy on Ol exceeds a threshold the firms’ performance
decline (Zhang et al. 2018). Indeed, an overreliance on OI investment might present
challenges to firms’ as managing the span of attention (Simon 1947), not-invented-here
syndrome (Katz and Allen 1982; Gentile-Ludecke et al. 2020), and might attract
opportunistic behavior from partners (Zhou et al. 2018), which is particularly relevant in
countries with weak institutional frameworks as China.

However, we argue that a knowledge-rich environment, such as a science park, can
strengthen an organization's ability to innovate (Audretsch and Belitski 2019) as it facilitates
the flow of ideas and entrepreneurial activity (Audretsch and Keilbach 2007) and can
moderate the opportunistic behavior mentioned before. If organizations are entrenched in the
right networks and relationships, they can create relational rent from their associations within
the science park residents or benefit from positive externalities. Indeed, science park
residents disperse knowledge that can be captured and used by others but also profit from
knowledge spillovers transmitted by neighboring firms (Diez-Vial and Fernandez-Olmos
2015). Past research show the effect of a firm’s closeness to organizations with related

knowledge ( Belitski and Desai 2016). These firms can benefit from access to specific

10



resources and assets, learning economies following collaboration with suppliers and
customers, and reduced transaction costs due to their close proximity (Almeida and Kogut
1999; Ketels and Memedovic 2008; Sarkees et al. 2010). Proximity, in fact, helps to identify
useful external knowledge, reduces search and exploration costs, and helps to reduce the risk
of opportunistic behavior because of increased interaction (Boschma, 2005)—particularly
unofficial networking activities, which are frequent on science parks (Diez-Vial and
Fernandez-Olmos 2015). Therefore, we propose:

H2. External knowledge search positively influences science park residents’ innovation

performance.

2.3. The mediating effect of external knowledge search

Government have considered science parks as innovation and used local development
strategy instruments to foster the growth and creation of local knowledge-based
entrepreneurship (Amoroso & Soriano, 2019). Debating on the effectiveness of science
parks, studies have recognized their heterogeneity and evolution, as well as the importance of
considering the interactions and networks amongst the different stakeholders involved with
the science park (Wright et al. 2019). Knowledge spillovers are a cornerstone illustrative
factor in the gathering of innovative firms; however, not all knowledge that spills over is
picked up and developed by entrepreneurs into economically useful knowledge because of
the knowledge filter (Acs et al., 2004). The knowledge filter facilitates or detracts from the
ease with which entrepreneurship, knowledge transformation and commercialization occur.
If the filter is tight or highly restrictive (e.g. where the regulatory environment is excessive or
capital availability is highly constrained), it is difficult for knowledge to be converted into
something that is economically useful (Acs et al. 2004). In the same logic, we propose that

companies that have developed relationships with other firms in search of external
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knowledge are more able to exploit the knowledge externalities and penetrate the knowledge
filter. In fact, the question of how a firm’s use of external sources of knowledge, both depth
and breadth, mediates the relationship between constraints and innovation performance
remains unexamined.

Firms that experience barriers to innovation are likely to capitalize on external
opportunities to boost their innovation efficiency. Indeed, science parks offer infrastructure
that ties together ideas, business initiatives, scientists, and technology, and facilitates access
to different resources for innovation as well as enabling knowledge creation. Science parks
provide an environment for cooperation and information exchange that eases the knowledge
search process. Therefore, we posit that:

H3. The relationship between barriers to innovation and innovation performance is mediated

by external knowledge search.

Our conceptual framework can be found on Figure 1.

H3
Barriers to H1 External knowledge H2 Innovation
innovation search (breadth and depth) performance

Fig. 1. Conceptual framework.

3. Methodology and data

3.1. Sample and data collection

We conducted a survey at the Wuxi international science park. The park is an important part
of the Wuxi National High and New Tech Development Zone, founded in 1992 with the aim

of being a center of scientific innovation and industrial transformation in specific industries:
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equipment and machinery manufacturing, cloud computing and the Internet of Things,
microelectronics, and new materials. In 2013, Forbes ranked Wuxi as the fifth-best business
city in Mainland China; Wuxi also leads the ranking out of 90 smart cities in China (China
Daily 2016). Currently, 1050 companies and 59 R&D centers reside in the park.

Similar to other national-level science parks, in order to reside in the Wuxi park, firms
must meet certain qualifications: they must create or employ technology in new or high-
technology products, they should devote as a minimum 3% of their yearly gross revenue to
R&D, at least 30% of the employees are required to possess college degrees, and companies
have to be recertified annually. Qualified firms receive a range of tax and regulation benefits
(including a three-year deferral of corporate tax along with a reduced tax rate after that) an
exemption for the first RMB 300,000 produced from technology abroad, and an exemption
from import licenses for technology material or parts used in export production (Zhang and
Sonobe 2011).

The choice of the Wuxi science park has specific motivations. Being a recent park in
one of the most developed provinces of China, Jiangsu, we believe that it meets the best
possible conditions for the emergence and development of innovation through new ventures,
as well as for the creation of disruptive systems. Furthermore, having gained access through a
group of officials who approved the study and introduced it to the companies operating in the
park, we were able to avoid the constraints of high bureaucratic processes and control, which
are known to be common in China (Torres de Oliveira and Figueira 2018, 2019).

The survey was conducted over two months, between November and December 2016.
The questionnaires were delivered personally to senior managers of 180 randomly selected
firms. The number of companies to be sampled was agreed upon with the group of officials
who supported the study. The survey was written in English and translated to Chinese; to

ensure language accuracy and validity, we conducted back-translation (Brislin 1970),
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contracting two different Chinese professionals. Out of the 180 distributed questionnaires, we

received 137 questionnaires, which were subsequently analyzed in this study. Table 1

summarizes some characteristics of the sample firms.

Table 1

Characteristics of the respondents and company percentage (n=137).

Sector of activity %
Information and communication technology 47.5
Industrial product and services 26.3
Other service 26.2
Size

1-250 employees 97
> 250 employees 3
Ownership

Chinese firms 89.0
- State-controlled Enterprises 5.1
- Listed companies 1.5
- Companies with many investors 64.2
- Family business 18.2
Foreign-owned firms 11.0
- Joint venture 7.3
- 100% foreign-owned 3.6
Degree of internationalization—Sales

- Asia 12.4
- World 16.2
Customers

- Business to business 49.6
- Business to consumers 38.7
- Public sector 11.7

Source: Own analysis based on survey data

Almost fifty percent of the firms under study work in the ICT sector. With an average

activity of almost six years, many companies in the sample are start-ups or firms in the first

development stage. Two-thirds of the Chinese firms that constitute the large majority (89%)

of the surveyed sample have a number of investors, with only 18.2% being family-owned.

Only a marginal number of firms have a state-controlled ownership structure.

3.2. Measures

14



3.2.1. Dependent variable

In our study, the dependent variable is innovation performance, measured as the summated
number of the forms of innovation introduced in the period 2012-2014, similar to
Apanasovich and colleagues (2016), Forés and Camisén (2016), or Verreynne and colleagues
(2019). In the survey, companies were asked whether they introduced any of the following
innovation types: product, service, process, organizational (three categories), and/or
marketing (two categories). These types of innovation were coded following the Organisation
for Economic Co-operation and Development (OECD) manual on innovation data collection
and interpretation (OECD 2005). We generated a dummy for each innovation outcome and

then used the sum of the eight dummies to formulate our innovation variable.

3.2.2. Independent variables
The independent variables in the study included business system barriers and sources of
external knowledge. To capture the barriers to innovation, we used variables derived from the
literature (Fu et al. 2014; Laursen and Salter 2014; Roper et al. 2017; Audretsch and Belitski
2019). We asked respondents to indicate if the aspects identified constrained their innovation
activities and were considered important in taking the decision not to invest. The barrier
variable was measured using 21 items adapted from Fu and colleagues (2014) using a five-
point Likert scale (1=unimportant, S5=very important). These authors validated a
multidimensional measure of barriers to innovation with three dimensions: financial barriers,
skill relationship barriers, and market and institutional barriers.

External knowledge search was operationalized using two constructs: external
knowledge breadth and external knowledge depth (Laursen and Salter 2006). In the
questionnaire, the participants were asked about the level of importance of information

sources they have used for innovation activities, including: suppliers; customers; competitors;
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consultants; universities; government or public research institutes; conferences; scientific
journals; professional and industrial associations; and professional, industry or service
standards (ranging from 1=not at all important to 5=crucial). External knowledge breadth of
innovation was then measured using the sum of the number of external knowledge sources
that were integrated into the innovation process of the firms operating in the science park;
that is, the sources that the participants reported as being at least slightly important. On the
other hand, the external knowledge depth of innovation focused on the sources that were
deeply integrated into the firm's innovation process and the extent to which companies drew
on different search channels; that is, the sources that the participants reported as being
crucial. We then took the sum of these sources to create our external knowledge depth of

innovation variable.

3.2.3. Control variables

In the study, we included the age of the firm, ownership, and industries as control variables.
While young/newly established and family firms have a higher chance of innovating because
they are more likely to engage in risk-taking activities (Coad et al. 2016), the mature, state-
owned and listed firms have advantages in mobilizing resources to meet the demand for
innovation activities (H. Gao et al. 2018). In our study, firm age was measured by years in
business (log). The ownership variables were classified into state-owned, public
(listed/multiple investors), family business, and foreign direct investment firms. These
categories were then recoded as dummy variables. We also added industries as control
variables because there are different innovation strategies between industries, where
manufacturing firms are more likely to invest in a wider range of innovations than service

firms (Ettlie and Rosenthal 2011). In this study, firm industries were classified into three
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binary variables: ICT, manufacturing, and service. Table 2 provides a summary of our

variables.

Table 2

List of variables.

Variable Description Scale
Innovation performance  Summated number of the types of innovation introduced by count (from 0 to
the companies in the period 2012-2014 8)

External knowledge
breadth

External knowledge
depth
Barriers to innovation

Control variables
ownership

Firm age
Industry

Types of innovation: product, service, process, organizational

(three categories), marketing (two categories)

A number of external sources provided information for new count
innovation projects or for the completion of existing ones.

(10 major external sources: suppliers, customers, competitors,
consultants, universities, government, fairs, scientific journals,
industrial associations, technical standards)

Number of the abovementioned external sources that were count
considered by the firm as crucial (highest usage, score of 5)
Perceived importance of three innovation barrier dimensions.  factor score

1. Financial barriers: perceived importance of the following
factors as barriers to innovation (five items):

excessive perceived economic risk, direct innovation costs too
high, cost of finance, lack of finance from sources outside the
company, lack of funds within the company

2. Skill and relationship barriers: perceived importance of the
following factors as barriers to innovation (10 items):

lack of qualified personnel, lack of incentives for training
investment, lack of rewards for innovation, lack of freedom to
develop own ideas, low level of idea sharing within the firm,
strong control and orientation of work from the boss, low
level of cooperation inside the company, lack of information
on technology, lack of market information, difficulty in
finding partners to innovate together.

3. Market and institutional barriers: perceived importance of
the following factors as barriers to innovation (six items):
low level of confidence in local institutions, low level of
protection of intellectual property, influence from
governments (central, provincial, and local) active
involvement of the government in R&D activity, a market
dominated by established enterprises, low-level relationship
with research institutions.

4 Dummies 1=State-owned
company; 2=
Listed/multiple
investors
company;
3=Family
business;
4=Foreign
directed
investment
company

Year of foundation count (log)

3 Dummies 1=yes

17



ICT, Manufacturing, and Service 0=no

3.3. Bias testing

We achieved a response rate of 76%. This high response rate helped us to avoid the problems
of non-response bias (Babbie 2007). In addition, interviewing senior managers who have
comprehensive knowledge about the operation and management of their business allowed us
to control for respondent bias (Slater and Narver 2000).

Regarding the potential concern of common method bias from the use of a field
survey technique (Chang et al. 2010), we used procedural remedies ex-ante and mixed the
order of the questions on the questionnaire. Moreover, we did an exploratory examination
and applied the Harman one-factor extraction check. The factor analysis of the variables
exposed that nine factors had eigenvalues greater than one. No single factor explicated more
than 50 percent of the variance, thus supporting that a common method bias was not a

problem in our study (Podsakoff et al. 2003).

3.4. Analysis method

We combined different statistical software to conduct our study. First, we used the Statistical
Package for Social Sciences (SPSS) version 25 to run our factor analysis and estimate the
factor scores. We then utilized the Hayes Process Macro program version 2.6 with ordinary
least squares regression to test our hypotheses; the use of this program allowed us to test both

the direct and indirect relationships simultaneously.

4. Results
4.1. Factor analysis
We first checked the adequacy of the data. The Kaiser-Myer-Olkin statistic was greater than

0.6, indicating sampling adequacy. The Skewness and Kurtosis values were less than 3.29,
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implying that our data were normally distributed. The outliers were ensured by examining the
Mahalanobis distance (Kline 2011).

We then ran confirmation factor analyses for the three dimensions of business system
barriers. The individual confirmatory factor analysis (CFA) (Abrami et al. 2014) models were
developed using the validated items in Fu and colleagues (2014). The higher-order CFA
model of business system barriers was then formulated by combining these three first-order
factors. These models were also modified to ensure the goodness of fit. The values of the
obtained fit indices show that the models fit the data well (Hair et al. 2010; see Table 3).

Table 3
Goodness of fit for the CFA models.

CFA models 12 p CFI TLI NFI RMSEA
Financial barriers 4.095 0.393 1.000 0.999 0.987 0.013
Skill and relation barriers 43363  0.107 0.987 0.983 0.950 0.048
Market and institution

barriers 2.267 0.322 0.999 0.995 0.995 0.031
Barriers to innovation 238.102  0.000 0.961 0.947 0.895 0.062

The reliability and validity were tested using Cronbach’s alpha, the composite
reliabilities (CR), the average variance explained (AVE), and the correlations among
constructs. In our models, the CR values ranged from 0.88 to 0.91, which were greater than
the cut-off point of 0.70 (Hair et al. 2010). The Cronbach’s alpha values were all greater than
0.8, indicating the reliability of the scales (Kline 2011). The AVE values were higher than the
cut-off value of 0.5, whereas the correlations between these constructs were less than the
mean squared root of AVE, thus suggesting convergent and discriminant validity (Hair et al.
2010; see Table 4).

Table 4

Correlation between constructs and the reliability and validity.

Cronbach'
Measurement s Alpha CR AVE 1 2 3
1. Financial barriers 0.83 0.88 0.62 0.787
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2. Skill and relation barriers 0.92 0.93 0.58 0.656 0.762

3. Market and institution 0.86 0.90 0.59 0.534 0.728 0.768
barriers
4. Barriers to innovation 0.94 0.91 0.76

Note: Squared root of AVE in bold. No correlation between first-order and higher-order
constructs.

4.2. Descriptive analysis

4.2.1. Innovation barriers

Table 5 presents the degree to which companies considered the importance of business
system barriers.

Table 5

Barriers to innovation (n=137).

Factors Items Percentage
Finance barriers Excessive perceived economic risk 73.7
Direct cost for innovation too high 75.9
Cost of finance 73.0
Lack of finance from sources outside your company 72.3
Lack of funds within your company or group 60.6
Skill and relation Lack of qualified personnel 76.6
barriers Lack of incentives for training investment 67.9
Lack of freedom to develop own ideas 65.0
Lack of rewards for innovation 67.2
Low level of ideas sharing within the firm 65.0
Strong control and orientation of work from the boss 62.0
Low level of cooperation inside the company 51.8
Lack of information on technology 67.2
Lack of market information 65.7
Difficulty in finding partners to innovate together 70.8
Market and Low level of confidence in local institutions 61.3
institution barriers Low level of protection of intellectual property 63.5
Influence from governments—central, provincial, 68.6
and local
Active involvement of the government in the R&D 65.0
activity
Low level of relationship with research institutions 56.9
Market dominated by well-established companies 66.4

Source: Own elaboration based on survey data

Overall, the surveyed companies seem to perceive a large number of constraints

generated by the characteristics of the Chinese business system. More than 70% of the firms
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identified the financial system as the most problematic constraint to innovation. Four out of
the six barriers that 70% of the firms indicated as very important were related to the financial
sector. The other two important barriers were related to the lack of qualified personnel
(76.6%), which is the barrier with the highest proportion of importance, and difficulty in
finding a partner to innovate with (70.8%). The least important constraint was considered to

be the lack of cooperation inside the company.

4.2.2. Innovation performance

In our sample, more than two-thirds of firms introduced at least one of the abovementioned
types of innovation. Approximately one-third of the firms that reported an innovation
developed new services (37.2%) or new products (36.5%). Two-thirds of the firms indicated
that the innovation had an adaptive character, being only new to the company. For one-third
of the firms, the innovation was radical in nature, and a large proportion of those companies
(64%) applied for patents. Almost half of the surveyed firms carried out process innovation,
while 51.8% and 40.14% reported organizational and marketing innovations respectively.
Hence, results indicate that for the majority of surveyed firms, the perceived constraints

limited the innovation activity to a mere incremental innovation.

Table 6

Degree of innovation of the surveyed companies (%).

Companies with at least one type of innovation 77.4
Companies that did not innovate 22.6
Product innovation

New goods 38.0
New services 37.2
Radical product innovation 36.5
Incremental product innovation 63.5
Product innovation new to market 75.5
Product innovation new to firm 24.5

Process innovation
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New processes 44.5
Organizational innovation

Total organizational innovation 51.82
New/improved management systems 27.7
Major changes in internal work organization 38.7
New relationship with enterprises/public institutions 31.4
Marketing innovation

Total marketing innovation 40.14
Changes in the design and packages of product/services 17.5
Changes in sales and distribution processes 36.5

Source: Own analysis based on survey data

4.2.3. External knowledge search

Table 7 shows the level of openness of innovation in the surveyed firms. The results indicate

that among external knowledge sources, clients or customers are placed at the top, with

34.4% of firms using clients as their most important source for innovation activities. This is

in line with the highest mean value of levels of importance of this source (3.87 out of 5).

Suppliers and competitors are the next most important sources for searching innovation,

while less importance is given to institutional information (government or public research

institutes, scientific journals, professional associations) and consultants.

Table 7

Information sources for the innovation activity (1= unimportant, 5= very important).

Information sources % of firms that Mean of

regard this source as importance
very important (=5)

Suppliers of equipment, materials, 24.4 3.57

services

Clients or customers 344 3.87

Competitors 24.4 3.43

Consultants 18.9 3.22

Universities 20.0 3.39

Government or public research 18.9 3.07

institutes

Conferences, trade fairs 20.0 3.07

Scientific journals 16.7 3.11

Professional and industrial associations 16.7 3.38
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Professional, industry or service 20.0 3.36
standards
Sources: Own elaboration based on survey data

4.2.4. Correlation matrix

Table 8 presents the descriptive statistics of the variables with the correlation coefficients.
The correlation matrix shows that there is a significant association among the variables used
in the analysis. Innovation performance significantly correlates with both external knowledge
breadth and depth but not barriers to innovation. External knowledge depth positively
correlates with barriers to innovation, while this significant correlation does not hold for
external knowledge breadth. Table 8 also shows a significant negative correlation between

external knowledge breadth and foreign-owned firms, which is interesting in itself.
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Table 8

Descriptive statistics and correlations.

Mean Std. 1 2 3 4 5 6 7 8 9
Deviatio
n

1 innovation perform 2.6788 2.1418

ance

2 barrier 3.5860  0.6989  -.044

3 ex_know_depth 1.5766 29072 2517 278"

4  ex_know breadth 9.2044  1.0923 2557 044 296"

5 age 3.1818  3.2687 062 011 -.010 .099

6 owner soe 0.0511  0.2210  -.012 011 091 017  -.055

7  owner_family 0.1825  0.3877  -.124 .040 023 -002  -087  -.110

8 owner FDI 0.1095  0.3134 064 024 -159 -238" 039  -.081 -.166

9  sector_manu 0.3577  0.4811 -.088 042 004 000  -139  -.035 042 -.067

10 sector service 0.1460  0.3544  -112  -102  -.132 -.059 126 092 179" 120 -.309™

Note: Pearson correlation. ** Correlation is significant at the 0.01 level (2-tailed); * Correlation is significant at the 0.05 level (2-tailed).
Source: Own calculation based on survey data.
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4.3. Hypotheses testing

In our regression models, the barriers to innovation have a negative but non-significant
impact on the innovation performance of science park residents (Model 1, Table 9; Model 4,
Table 10). Regarding the relationship between barriers to innovation and external knowledge
search, results show that barriers to innovation positively influence external knowledge
depth, and this relationship is significant at the 1% level (Model 2, Table 9). Experiencing
one increase in the barrier will require firms to use 0.8621 more important sources of external
knowledge to innovate. However, this positive relationship does not hold for external
knowledge breadth (Model 5, Table 10); thus, H1 is only partially supported. The regression
results also confirm a positive relationship between external knowledge search and
innovation performance, meaning that an increase of one in the number of external
knowledge search sources will result in a 0.2598 and 0.5616 increase in the number of
innovations introduced respectively. Hence, H2 was accepted (Model 3, Table 9; Model 6,

Table 10).

Table 9

Ordinary Least Squares regression on the relationship between barriers, depth, and innovation

performance.
Innovation Depth Innovation
Performance Performance
(Model 1) (Model 2) (Model 3)
barrier -0.132 0.8621*** -0.356
(0.1901) (0.2393) (0.1895)
ex_know depth 0.2598
(0.0677)
age 0.0363 0.0082 0.0342
(0.0589) (0.0742) (0.0559)
owner_soe -0.0662 1.2548 -0.3922
(0.8577) (1.0798) (0.8182)
owner family -0.4658 0.3032 -0.5445
(0.5192) (0.6536) (0.4930)
owner FDI 0.361 -1.2399 0.6831
(0.6120) (0.7705) (0.5867)
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sector manu -0.5962 -0.2564 -0.5296

(0.4177) (0.5259) (0.3968)
sector_service -0.9968 -0.8771 -0.769

(0.5832) (0.7343) (0.5566)
R2 0.054 0.1428 0.1556
F 1.021 2.952%* 2.834**

Note: Base: public firms, ICT sector. ***significant at 0.1% level; **significant at 5% level;
* significant at 1% level, standard errors in parenthesis.

Table 10
Ordinary Least Squares regression on the relationship between barriers, breadth, and

innovation performance.

Innovation Breadth Innovation
Performance Performance
(Model 4) (Model 5) (Model 6)

barrier -0.132 0.0682 -0.1703
(0.1901) (0.0964) (0.1833)
ex_know_breadth 0.5616**
(0.1704)

age 0.0363 0.0357 0.0163
(0.0589) (0.0299) (0.0570)

owner_soe -0.0662 0.0277 -0.0818
(0.8577) (0.4349) (0.8255)

owner family -0.4658 -0.959 -0.4119
(0.5192) (0.2633) (0.4999)

owner FDI 0.361 -0.8346 -0.8298
(0.6120) (0.3104) (0.6060)

sector_manu -0.5962 -0.0435 -0.5718
(0.4177) (0.2118) (0.4021)

sector_service -0.9968 -0.0897 -0.9464
(0.5832) (0.2958) (0.5616)

R2 0.054 0.0723 0.1312

F 1.021 1.38 2.322%

Note: Base: public firms, ICT sector. ***significant at 0.1% level; **significant at 5% level,
* significant at 1% level, standard errors in parenthesis.

Using the analysis from the Process Macro program, the results exhibit a mediation
effect of external knowledge depth on the relationship between business system barriers and
innovation performance. The Sobel test further confirmed the significance of this mediation

relationship (see Table 11). The indirect effect of barriers on innovation performance was
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0.224 that when a firm experienced 1 unit higher of barriers, it was likely to introduce 0.224

unit higher of innovation by engaging in external knowledge depth. In other words, 22.4%

variance of impact of barriers on innovation performance was explained through variance of

external knowledge depth. However, the mediation effect of external knowledge breadth is

not confirmed. Therefore, H3 is only partially accepted.

Table 11

Results of the Hayes Process Macro test on mediation effect

Coefficient Standard t-statistic P-value
error
Mediation effect of depth
Total effect of barriers on -0.132 0.1901 -0.6947 0.4885
innovation performance
Direct effect of barriers on -0.356 0.1895 -1.8783 0.0627
innovation performance
Indirect effect of barriers on 0.224 0.1012
innovation performance
Sobel test = 2.5808; p-value= 0.0099
Mediation effect of external
knowledge breadth
Total effect of barriers on -0.132 0.1901 -0.6947 0.4885
innovation performance
Direct effect of barriers on -0.1703 0.1833 -0.9293 0.3546
innovation performance
Indirect effect of barriers on 0.0383 0.0615

innovation performance

Sobel test = 0.6631; p-value= 0.5073

4.4. Robustness tests

To check the robustness of our results, we substituted the innovation performance continuous

variable with an R&D investment variable measured by the ratio of R&D over sales turnover.

The results exhibited the same pattern with our main findings, indicating that our results are

robust.
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How firms search for external knowledge for innovation might differ among firms;
for instance, state-owned firms have privileges in accessing information—especially those
related to the government (Jones and Zou 2017)—which biases the estimation of the impact
of external knowledge breadth and depth on innovation, raising concerns about endogeneity.
Thus, we performed a Durbin Wu-Hausman test to detect whether endogeneity was present in
our study (Davidson and MacKinnon 1993; Hausman 1978). The non-significance of this test

implies that endogeneity seems not to be a major issue in our study.

5. Discussion and implications

This study investigates to what extent barriers to innovation have an impact on the innovation
performance of science park residents and how external knowledge search affects their
innovation performance. Drawing on a sample of 137 high-tech firms located in the Wuxi
science park in China, results found that more than three-quarters of the surveyed firms—
almost entirely small-sized firms—reported at least one type of innovation in the period
2012-2014, while 22% of the surveyed firms did not innovate. Three-quarters of the
surveyed firms undertook incremental innovation, while one-quarter of the surveyed firms
had undertaken radical innovation.

Results indicate that entrepreneurs located in the Wuxi science park, despite
recognizing the existence of barriers to innovation, are able to pass through the filter that
hampers knowledge spillover, confirming that the agglomeration of knowledge activities
(which characterizes science parks) increases the ability to access knowledge spillovers. Our
study provides insights into the major types of barriers that companies face. Financial-related
barriers are the most important barriers to innovation for almost two-thirds of the science
park residents. This confirms what Fu and colleagues (2014) identified when conducting a

national firm-level analyzes of Chinese firms. The authors found that existing financial
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channels and markets are not sufficient for most domestic firms’ and companies’ (especially
small and medium-sized firms’) search for external sources of knowledge to make up for
funding shortages by sharing innovation costs. In addition, a lack of qualified employees and
difficulty in finding a cooperative partner are perceived as being very important constraints to
innovation by 76.6% and 70.8% of the surveyed firms. Indeed, the deficiency of adequate
knowledge and resources has been considered as one of the main hurdles to Chinese
indigenous innovation (Gao et al. 2007).

One interesting result of our study is that science park residents that experience
constraints to innovation rely on external knowledge depth (deep linkages to customers,
suppliers, and competitors) but not on external knowledge breadth. That means that the
higher the knowledge filter, the more companies look for intensity of cooperation with
external partners. External search depth indicates a process by which an organization can
advance a profounder understanding of its partners’ know-how throughout exhaustive
collaboration with them. The recurrent use of partners’ knowledge leads to additional
dependable relationships based on mutual trust and commitment. Therefore, communication
improves (Ferreras-Méndez et al. 2015), and the improved communication further advances
the firm’s ability to comprehend and obtain experience and expertise from its partners, thus
reducing barriers to innovation. The lack of significance in the association between
innovation barriers and external knowledge breadth indicates that acquiring a variety of
knowledge from different sources may represent a cost. Integrating the different knowledge
into a firm’s innovation activities requires a high degree of absorptive capacity and limits
collaboration (Audretsch and Belitski 2019); as such external knowledge breadth does not
contribute to reducing barriers to innovation.

According to our analysis, external knowledge depth mediates the relationship

between barriers to innovation and innovation performance, while external knowledge
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breadth does not show any mediation effect. The findings support the idea that the relevance
and intensity of relationships, rather than their number, enable the flow of knowledge,
allowing firms to permeate the knowledge filter and facilitate innovation-relevant synergies.
In order to successfully obtain and use complex external knowledge, organizations have to
withstand profound relations with external partners (Powell et al. 1996). Establishing deeper
relationships with a limited number of external sources increases mutual understanding and
trust and, in turn, lowers the barrier to relevant knowledge (Segarra-Ciprés and Bou-Llusar
2018), improving innovation performance. This result may, in part, be due to the type of
innovation that science part residents undertake. Findings indicate that the majority of
science park residents undertake incremental innovation. This type of innovation implies that
firms mostly fine-grain and reinforce their existing knowledge base, and, for that, they need
explicit and detailed external information rather than a broader grasp of external information.
Indeed, the depth of openness is further closely associated to exploitative learning as it
expedites the transfer of in-depth knowledge that enables organizations to prompt solutions
by corresponding novel knowledge with marketplace opportunities (Chiang and Hung 2010).
The types of barriers faced by the firms could be a justification for the non-relevance
of external knowledge breadth. Firms frequently experience a process of trial and error to
learn how to obtain knowledge from an external source but this effort involves time and other
valuable resources (Ferreras-Méndez et al. 2015). Moreover, the presence of valuable
external sources does not automatically suggest that the movement of external novel ideas
and knowledge into organizations is a spontaneous or stress-free process (Vanhaverbeke and
Cloodt 2014). Managing external sources of innovation involves information asymmetries,
and, in order to gain access to external knowledge, it is necessary to negotiate agreements.

This requires firms to have qualified resources that have the right degree of specialization
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(Gentile-Liidecke et al. 2020) to identify the knowledge sources, to understand the
knowledge, and to bring it to the organization.

Moreover, a wider search of partners—that is, a greater breadth in search strategies—
generates high coordination costs that, in resource-constrained firms, may even decrease the
firm’s innovative ability (D’ Ambrosio et al. 2017). Finally, external knowledge search is
considered to be more important for firms that pursue radical innovation and that perform
broad searches of the environment in order to recognize future opportunities. Indeed, by
employing several external sources, organizations hedge the risks connected with missing out
on a relevant source (Nicholls-Nixon and Woo 2003). Our findings indicate that only a

marginal number of the surveyed science park residents undertake radical innovation.

5.1 Theoretical implications

From a theoretical perspective, our research has three implications. Firstly, adding to the
extended literature on science parks, our study indicates that science parks in emerging
economies allow entrepreneurs to innovate, despite perceived barriers, thus playing a relevant
role in innovation ecosystems (Amoroso and Soriano 2019). Therefore, we reconcile the
extant literature on emerging economy science parks in the sense that we empirically support
past theoretical arguments (Albahari et al. 2018) that science parks are particularly important
in emerging economies due to their weak institutional frameworks. Furthermore,
understanding the importance of external sources of knowledge in mitigating innovation
barriers and how this has positive implications for innovation performance, our study adds to
the knowledge on the underlining relevance of spatial specificities (Rammer et al. 2020;
Audretsch and Feldman 1996). Our results allow us to explain that knowledge sourcing is
not only dependent on a geographic perspective (Roper et al. 2017) but also based on

institutional, absorptive capacity (Denicolai et al. 2016), technological, cognitive and cultural
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proximity (Boschme, 2005; Balland et al. 2015), and strategic reasonings (Torres de Oliveira,
2020) as firms make strategic choices between breadth and depth open innovation strategies.

Secondly, and from an open innovation perspective, this research highlights the
importance of external sources of knowledge to mitigate barriers to innovation and increase
innovation performance. In doing so, we focus the debate not only on the barriers to open
innovation strategies (e.g., Savitskaya et al. 2010; van de Vrande et al. 2009) but on how
open innovation as a strategy can mitigate barriers toward innovation performance. To the
best of our knowledge, this is the first attempt to show how an open innovation framework is
not only important to the innovation process itself but is also important in mitigating existing
institutional barriers, which are particularly important for emerging economies (Peng et al.
2008; Urbano and Alvarez 2014).

Third, we advance the literature on KSTE (Acs et al. 2009; Audretsch and Lehmann
2005). Our results indicate that in order for entrepreneurs to exploit the technological
opportunities generated by knowledge spillovers they need to understand those technologies.
Intensive interaction with external partners can help to acquire specific expertise that allows
firms to convert knowledge into economically relevant knowledge (Braunerhjelm et al.,
2010), helping to permeate the knowledge filter. This is particularly important in the context
of emerging markets where institutional barriers may act as a barrier to entrepreneurship.
Bringing the institutional level to the open innovation debate is also important as past
literature has focused on the individual (e.g., Salter et al. 2015), firm (e.g., West et al. 2014),
and network or industry levels (e.g., Bianchi et al. 2011), making the institutional level a kind
of “black box.” With our results, we show that these institutional factors matter and that firms
adopt different strategies when, namely, they perceive the risks involved with low
institutionalized economies where predatory and opportunistic behavior is observed. Firms

in emerging economies are expected to be more cautious about identifying and establishing
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partnerships with local partners when compared with developed economies as they face
higher asymmetries or incomplete levels of information on the partner's capabilities,
resources, or even predatory behavior (Mahmood and Mitchell 2004). Therefore, open
innovation does not happen in the same way in developed and emerging economies; the
institutional level of analysis helps to explain the fact that firms in emerging economies
prefer to adopt an open innovation strategy, following a depth instead of breadth strategy as

this mitigates their risks.

5.2 Policy and managerial implications

Our results also have important implications for the Chinese Central Government, as this
research shows that science park residents still face constraints that hamper firm innovation
capabilities. If science parks are to play a relevant role in fostering creativity in a global
knowledge economy, they have to do more and become active facilitators in creating a
network in the knowledge economy. For local officials responsible for the management of
science parks in China, our results suggest that initiatives designed to promote greater
innovation need to distinguish between the type of barriers that the firms are facing and the
impact of these on innovation. Considering the results of this research, more efforts are
expected in terms of financial support by, for example, creating specialized venture capital
and a better knowledge of risk analysis from the financial system. Efforts should also be
made to set up specific activities to foster inter-firm collaboration and increase human
resource qualifications because moving from an incremental to radical innovation requires
high-level creative ideas and talents. Well-developed capital as well as innovation
intermediaries (Oriaifo et al. 2020), such as technical assistance centers, trade associations,
and universities, should play the role of boundary spanners to help overcome constraints to

innovation.
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Finally, this study has important managerial implications. Looking at the skill-related
constraints, senior managers should stimulate learning through reward systems and training
that increase absorptive and innovative capacity. Understanding why there is a limited level
of inter-firm cooperation within China can help managers to try and overcome such voids by
creating strategies that ground such interactions, such as informal working groups. Moreover,
managers need to be aware that a search strategy focusing narrowly on in-depth linkages with
customers, suppliers, and competitors cannot be expected to provide radically new innovation
and that the alignment of open search strategies and innovative activities could enhance

innovation performance.

6. Limitations and suggestions for future research

This study has several limitations. First, it follows a cross-sectional analysis and
therefore has causality limitations. Future research might usefully analyze qualitative and
longitudinal datasets to uncover causality and longer-term effects of the institutional factors
indicated here. Furthermore, using a single technological park constrained the sample to a
province and a city, which may entail singularities. Moreover, we are aware that different
typologies of science parks exist (Ng et al., 2019) and that the selection of firms into science
parks may have an important impact on the success of the park in fostering firms knowledge
sourcing. Because of that, we believe future research should expand the scope by examining
open innovation in different science parks in different provinces, accounting for this
heterogeneity. Moreover, considering different typologies of science parks may allow to
understand if foreign investment, for example, plays an important role within technological
parks, as Hu (2007) suggests.

Our sample is largely based on small and medium enterprises and even if this is to expect on
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science parks, future research can examine deviations from this pattern?. Moreover, focusing
on managerial implications, future work should further investigate how organizations engage
in open innovation within a science park, and how this is different from organizations outside
of the science park environment. Future research should also try to find meaningful
differences among our constructs and the different types of innovation.> Another avenue of
research should further investigate specific barriers to innovation—that is, financial systems,
skill development, and inter-firm cooperation—that seem to be strongly hindering the
innovation process. Another stream of research could focus on what formal and/or informal
mechanisms are in place that allow firms within science parks to be comfortable in sharing
knowledge but not with firms outside the boundaries of the park. Finally, international
activities are important to enhance innovative capabilities, and future research could
investigate if there are differences among oft-site and on-site firms in international activities
and if being spatially limited in a science park constitutes a limitation regarding the

international source of collaboration.

References

Abrami, R. M., Kirby, W. C., & McFarlan, F. W. (2014). Why China can't innovate? Harvard
Business Review. https://hbr.org/2014/03/why-china-cant-innovate

Acs, Z., Audretsch, D. B., Braunerhjelm, P., & Carlsson, B. (2004). The missing link: The
knowledge filter entrepreneurship and endogenous growth. In Centre for Economic
Policy Research (Ed.). London, UK.
Acs, Z. J., Braunerhjelm, P., Audretsch, D. B., & Carlsson, B. (2009). The knowledge
spillover theory of entrepreneurship. Small Business Economics, 32(1), 15-30.
Albahari, A., Barge-Gil, A., Pérez-Canto, S., & Modrego, A. (2018). The influence of science
and technology park characteristics on firms' innovation results. Papers in Regional
Science, 97(2), 253-279. https://doi.org/10.1111/pirs.12253

Almeida, P., & Kogut, B. (1999). Localization of knowledge and the mobility of engineers in
regional networks. Management Science, 45(7), 905-917.
https://doi.org/10.1287/mnsc.45.7.905

Amoroso S., Hervas Soriano F. (2019) An International Perspective on Science and
Technology Parks. In: Amoroso S., Link A., Wright M. (eds) Science and Technology

2 We thank one of the reviewers for pointing out this limitation.
3 We thank one of the reviewers for pointing out this future research avenue.

35


https://hbr.org/2014/03/why-china-cant-innovate
https://doi.org/10.1111/pirs.12253
https://doi.org/10.1287/mnsc.45.7.905

Parks and Regional Economic Development. Palgrave Advances in the Economics of
Innovation and Technology. Palgrave Macmillan, Cham

Apanasovich, N., Heras, H. A., & Parrilli, M. D. (2016). The impact of business innovation
modes on SME innovation performance in post-Soviet transition economies: The case
of Belarus. Technovation, 57, 30-40.
https://doi.org/10.1016/j.technovation.2016.05.001

Audretsch, D. B., & Belitski, M. (2013). The missing pillar: The creativity theory of
knowledge spillover entrepreneurship Small Business Economics, 41, 819—836, DOI
10.1007/s11187-013-9508-6.

Audretsch, D. B., & Belitski, M. (2017). Entrepreneurial ecosystems in cities: Establishing
the framework conditions The Journal of Technology Transfer, 42, 1030-1051,
doi:https://doi.org/10.1007/s10961-016-9473-8.

Audretsch, D. B., & Belitski, M. (2019). The limits to collaboration across four of the most
innovative UK industries. British Journal of Management, doi:10.1111/1467-
8551.12353.

Audretsch, D. B., & Belitski, M. (2020). The role of R&D and knowledge spillovers in
innovation and productivity European Economic Review, 123,
doi:https://doi.org/10.1016/j.euroecorev.2020.103391.

Audretsch, D. B., Belitski, M., Caiazza, R., & Lehmann, E. E. (2020). Knowledge
management and entrepreneurship. International Entrepreneurship and Management
Journal, 1-13.

Audretsch, D. B., & Feldman, M. P. (1996). R&D spillovers and the geography of innovation
and production. The American Economic Review, 86, 630—640.
https://www.jstor.org/stable/2118216

Audretsch, D. B., & Keilbach, M. (2007). The theory of knowledge spillover
entrepreneurship. Journal of Management Studies, 44, 1242—1254.

Audretsch, D. B., & Keilbach, M. (2008). Resolving the knowledge paradox: Knowledge-
spillover entrepreneurship and economic growth. Research Policy, 37, 1697-1705,
doi:doi:10.1016/j.respol.2008.08.008.

Audretsch, D. B., Keilbach, M., & Lehmann, E. E. (2006). Entrepreneurship and economic
growth. Oxford: Oxford University Press.

Audretsch, D. B., & Lehmann, E. E. (2005). Does the knowledge spillover theory of
entrepreneurship hold for regions? Research Policy, 34, 1191-1202,
doi:doi:10.1016/j.respol.2005.03.012.

Babbie, E. (2007). Experiments. The practice of social research (11th edition, pp. 221-242).
Belmont, CA: Thomson Wadsworth.

Badawy, M. (2011). "Is open innovation a field of study or a communication barrier to theory
development?": A perspective. Technovation, 31, 65-67.

DOI: 10.1016/j.technovation.2010.09.006

Balland, P. A., Rigby, D., & Boschma, R. (2015). The technological resilience of U.S. cities.
Cambridge Journal of Regions, Economy and Society, 8(2), 167—184. doi:
10.1093/cjres/rsv007

Belitski, M. (2019). Innovation in Schumpeterian-type Firms: Knowledge Collaboration or
Knowledge Spillover? Foundations and Trends® in Entrepreneurship, 15, 368-390,
doi:10.1561/0300000085-2.

Belitski, M., Caiazza, R., & Lehmann, E. E. (2019). Knowledge frontiers and boundaries in
entrepreneurship research. Small Business Economics, 1-11.

Belitski, M., & Desai, S. (2016). What drives ICT clustering in European cities? The Journal
of Technology Transfer 41, 430—450, DOI 10.1007/s10961-015-9422-y.

36


https://doi.org/10.1016/j.technovation.2016.05.001
https://doi.org/10.1007/s10961-016-9473-8
https://doi.org/10.1016/j.euroecorev.2020.103391
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2Fj.technovation.2010.09.006

Bellavista, J., & Sanz, L. (2009). Science and technology parks: Habitats of innovation:
introduction to special section. Science and Public Policy, 36, 499-510.

DOI: 10.3152/030234209X465543

Bianchi, M., Cavaliere, A., Chiaroni, D., Frattini, F., & Chiesa, V. (2011). Organisational
modes for Open Innovation in the bio-pharmaceutical industry: An exploratory
analysis. Technovation, 31(1), 22-33.
https://doi.org/10.1016/j.technovation.2010.03.002

Boschma, R. (2005). Proximity and innovation: A critical assessment. Regional Studies,
39(1), 61-74. https://doi.org/10.1080/0034340052000320887

Braunerhjelm, P., Acs, Z., Audretsch, D. B., & Carlsson, B. (2010). The missing link:
knowledge diffusion and entrepreneurship in endogenous growth. Small Business
Economics, 34, 105-125.

Brislin, R. W. (1970). Back-translation for cross-cultural research. Journal of Cross-Cultural
Psychology, 1, 185-216. https://doi.org/10.1177/135910457000100301

Carlsson, B., Acs, Z., Audretsch, D. B., & Braunerhjelm, P. (2009). Knowledge creation,
entrepreneurship, and economic growth: A historical view. Industrial and Corporate
Change 18, 1193-1229. doi:https://doi.org/10.1093/icc/dtp043.

Chang, S.-J., van Witteloostuijn, A., & Eden, L. (2010). From the editors: Common method
variance in international business research. Journal of International Business Studies,
41, 178-184. DOI: 10.1057/jibs.2009.88

Cheng, F., van Oort, F., Geertman, S., & Hooimeijer, P. (2014). Science parks and the co-
location of high-tech small- and medium-sized firms in China’s Shenzhen. Urban
Studies, 51, 1073—1089. https://doi.org/10.1177/0042098013493020

Chesbrough, H. (2003). The logic of open innovation: Managing intellectual property.
California Management Review, 45(3), 33-58.
https://doi.org/10.1177/000812560304500301

Chesbrough, H. (2006). Open business models: How to thrive in the new innovation
landscape. Cambridge: MA: Harvard Business School Publishing

Chesbrough, H., Vanhaverbeke, W., & West, J. (2006). Open innovation: Researching a new
paradigm. London: Oxford University Press.

Chiang, Y. H., & Hung, K. P. (2010). Exploring open search strategies and perceived
innovation performance from the perspective of inter-organizational knowledge
flows. R&D Management, 40, 292-299. https://doi.org/10.1111/;.1467-
9310.2010.00588.x

China Daily (2016, Wuxi named in list of China's top 10 smartest cities. China Daily.

Coad, A., Segarra, A., & Teruel, M. (2016). Innovation and firm growth: Does firm age play
arole? Research Policy, 45, 387—400. https://doi.org/10.1016/j.respol.2015.10.015

Colombo, M. G., & Delmastro, M. (2002). How effective are technology incubators?
Evidence from Italy. Research Policy, 31, 1103—1122. https://doi.org/10.1016/S0048-
7333(01)00178-0

Colombo, M. G., Rabbiosi, L., & Reichstein, T. (2011). Organizing for external knowledge
sourcing. European Management Review, 8, 111-116. https://doi.org/10.1111/j.1740-
4762.2011.01018.x

Cruz-Gonzilez, J., Lopez-Saez, P., Navas-Lopez, J. E., & Delgado-Verde, M. (2015). Open
search strategies and firm performance: The different moderating role of
technological environmental dynamism. Technovation, 35, 32—45.
https://doi.org/10.1016/j.technovation.2014.09.001

D’Ambrosio, A., Gabriele, R., Schiavone, F., & Villasalero, M. (2017). The role of openness
in explaining innovation performance in a regional context. The Journal of
Technology Transfer, 42, 389—408.

37


https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.3152%2F030234209X465543
https://doi.org/10.1016/j.technovation.2010.03.002
https://doi.org/10.1080/0034340052000320887
https://doi.org/10.1177%2F135910457000100301
https://doi.org/10.1093/icc/dtp043
https://doi.org/10.1177%2F0042098013493020
https://doi.org/10.1177%2F000812560304500301
https://doi.org/10.1111/j.1467-9310.2010.00588.x
https://doi.org/10.1111/j.1467-9310.2010.00588.x
https://doi.org/10.1016/j.respol.2015.10.015
https://doi.org/10.1016/S0048-7333(01)00178-0
https://doi.org/10.1016/S0048-7333(01)00178-0
https://doi.org/10.1111/j.1740-4762.2011.01018.x
https://doi.org/10.1111/j.1740-4762.2011.01018.x
https://doi.org/10.1016/j.technovation.2014.09.001

D’Este, P., lammarino, S., Savona, M., & von Tunzelmann, N. (2012). What hampers
innovation? Revealed barriers versus deterring barriers. Research Policy, 41, 482—
488. https://doi.org/10.1016/j.respol.2011.09.008

Dahlander, L., & Gann, D. M. (2010). How open is innovation? Research Policy, 39, 699—
709. https://doi.org/10.1016/j.respol.2010.01.013

Davidson, R., & MacKinnon, J. G. (1993). Estimation and inference in econometrics. OUP
Catalogue.

Denicolai, S., Ramirez, M. and Tidd, J. (2016), “Overcoming the false dichotomy between

internal R&D and external knowledge acquisition: absorptive capacity dynamics
over time”, Technological Forecasting and Social Change, Vol. 104, pp. 57-65.

Diez-Vial, 1., & Fernandez-Olmos, M. (2015). Knowledge spillovers in science and
technology parks: how can firms benefit most? International Technology Transfer, 40,
70-84, DOI 10.1007s/10961-013-9329-4.

Ettlie, J. E., & Rosenthal, S. R. (2011). Service versus manufacturing innovation. Journal of
Product Innovation Management, 28, 285-299. DOI: 10.1111/;.1540-
5885.2011.00797.x

Ferreras-Méndez, J. L., Newell, S., Fernandez-Mesa, A., & Alegre, J. (2015). Depth and
breadth of external knowledge search and performance: The mediating role of
absorptive capacity. Industrial Marketing Management, 47, 86—97.
https://doi.org/10.1016/j.indmarman.2015.02.038

Figlioli, A., & Porto, G. S. (2012). Financiamento de parques tecnoldgicos: um estudo
comparativo de casos brasileiros, portugueses e espanhdis. Revista de Administragao,
47, 290-306. https://doi.org/10.5700/rausp 1040

Forés, B., & Camison, C. (2016). Does incremental and radical innovation performance
depend on different types of knowledge accumulation capabilities and organizational
size? Journal of Business Research, 69, 831-848. DOI: 10.1016/j.jbusres.2015.07.006

Fu, X, L1, J., & Chesbrough, H. (2014). Open innovation as a response to constraints and the
moderating role of ownership. Asian Economic Papers, 13(3).

Fukugawa, N. (2006). Science parks in Japan and their value-added contributions to new
technology-based firms. International Journal of Industrial Organization, 24, 381—
400. https://doi.org/10.1016/j.1jindorg.2005.07.005

Gambardella, A., & Panico, C. (2014). On the management of open innovation. Research
Policy, 43, 903-913.

Gao, H., Hsu, P.-H., & Li, K. (2018). Innovation strategy of private firms. Journal of
Financial and Quantitative Analysis, 53(1), 1-32.

DOI: https://doi.org/10.1017/S0022109017001119

Gao, X., Liu, J., Chai, K. H., & Li, J. (2007). Overcoming'latecomer disadvantages' in small
and medium-sized firms: Evidence from China. International Journal of Technology
and Globalisation, 3, 364-383. DOI: 10.1504/IJTG.2007.015455

Garriga, H., Von Krogh, G., & Spaeth, S. (2013). How constraints and knowledge impact
open innovation. Strategic Management Journal, 34, 1134—1144.
https://doi.org/10.1002/smj.2049

Gentile-Liidecke, S., Torres de Oliveira, R. , & Paul, J. (2020). Does organizational structure
facilitate inbound and outbound open innovation in SMEs? Small Business
Economics, 1-22. DOI: 10.1007/s11187-019-00175-4

Grigoriou, K., & Rothaermel, F. T. (2017). Organizing for knowledge generation: Internal
knowledge networks and the contingent effect of external knowledge sourcing.
Strategic Management Journal, 38, 395—414. https://doi.org/10.1002/smj.2489

Hadjimanolis, A. (2003). The barriers approach to innovation. In L. V. Shavinina (Ed.), The
international handbook on innovation. DOI:10.1016/B978-008044198-6/50038-3

38


https://doi.org/10.1016/j.respol.2011.09.008
https://doi.org/10.1016/j.respol.2010.01.013
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1111%2Fj.1540-5885.2011.00797.x
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1111%2Fj.1540-5885.2011.00797.x
https://doi.org/10.1016/j.indmarman.2015.02.038
https://doi.org/10.5700/rausp1040
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2Fj.jbusres.2015.07.006
https://doi.org/10.1016/j.ijindorg.2005.07.005
https://doi.org/10.1017/S0022109017001119
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1504%2FIJTG.2007.015455
https://doi.org/10.1002/smj.2049
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1007%2Fs11187-019-00175-4
https://doi.org/10.1002/smj.2489
https://doi.org/10.1016/B978-008044198-6%2F50038-3

Hair, J., Black, W., Babin, B., & Anderson, R. (2010). Multivariate data analysis (7th
Edition). New Jersey: Pearson Prentice Hall.

Hansson, F., Husted, K., & Vestergaard, J. (2005). Second generation science parks: From
structural holes jockeys to social capital catalysts of the knowledge society.
Technovation, 25, 1039—-1049. DOI: 10.1016/j.technovation.2004.03.003

Hargadon, A., & Sutton, R. L. (1997). Technology brokering and innovation in a product
development firm. Administrative Science Quarterly, 716—749. DOI:
10.2307/2393655

Hausman, J. A. (1978). Specification tests in econometrics. Econometrica: Journal of the
Econometric Society, 1251-1271. DOI: 10.2307/1913827

Holzl, W., & Janger, J. (2012). Innovation barriers across firms and countries. WIFO
Working Papers.

Howells, J. R. (2002). Tacit knowledge, innovation and economic geography. Urban Studies,
39, 871-884. doi:https://doi.org/10.1080/00420980220128354.

Howells, J. R. (2006). Outsourcing for innovation: Systems of innovation and the role of
knowledge intermediaries. In M. Miozzo, & D. Grimshaw (Eds.), Knowledge
intensive business services: Organizational forms and national institutions.
Cheltenham: Edward Elgar

Hu, A. G. (2007). Technology parks and regional economic growth in China. Research
Policy, 36(1), 76-87. https://doi.org/10.1016/j.respol.2006.08.003

Huang, K. F., Yu, C. M. J., & Seetoo, D. H. (2012). Firm innovation in policy-driven parks
and spontaneous clusters: the smaller firm the better? The Journal of Technology
Transfer, 37, 715-731.

Jones, L., & Zou, Y. (2017). Rethinking the role of state-owned enterprises in China’s rise.
New Political Economy, 22, 743-760.
https://doi.org/10.1080/13563467.2017.1321625

Kafouros, M. 1., & Forsans, N. (2012). The role of open innovation in emerging economies:
Do companies profit from the scientific knowledge of others? Journal of World
Business, 47, 362—370. https://doi.org/10.1016/j.jwb.2011.05.004

Ketels, C. H., & Memedovic, O. (2008). From clusters to cluster-based economic
development. International Journal of Technological Learning, Innovation and
Development, 1, 375-392. DOI: 10.1504/IJTLID.2008.019979

Keupp, M. M., & Gassmann, O. (2009). Determinants and archetype users of open
innovation. R&D Management, 30, 331-341. https://doi.org/10.1111/j.1467-
9310.2009.00563 .x

Kline, R. B. (2011). Convergence of structural equation modeling and multilevel modeling.
In M. Williams & W. P. Vogt (Eds.), The Sage handbook of innovation in social
research methods. https://dx.doi.org/10.4135/9781446268261.n31

Larsen, P., & Lewis, A. (2007). How award-winning SMEs manage the barriers to
innovation. Creativity and Innovation Management, 16, 142—151.
https://doi.org/10.1111/j.1467-8691.2007.00428.x

Laursen, K., & Salter, A. (2006). Open for innovation: the role of openness in explaining
innovation performance among U.K. manufacturing firms. Strategic Management
Journal, 27, 131-150. https://doi.org/10.1002/smj.507

Laursen, K., & Salter, A. J. (2014). The paradox of openness: Appropriability, external
search and collaboration. Research Policy, 43, 867-878.
https://doi.org/10.1016/j.respol.2013.10.004

Lopez-Vega, H., Tell, F., & Vanhaverbeke, W. (2016). Where and how to search? Search
paths in open innovation. Research Policy, 45, 125-136.
https://doi.org/10.1016/j.respol.2015.08.003

39


https://doi.org/10.1080/00420980220128354
https://doi.org/10.1016/j.respol.2006.08.003
https://doi.org/10.1080/13563467.2017.1321625
https://doi.org/10.1016/j.jwb.2011.05.004
https://doi.org/10.1111/j.1467-9310.2009.00563.x
https://doi.org/10.1111/j.1467-9310.2009.00563.x
https://dx.doi.org/10.4135/9781446268261.n31
https://doi.org/10.1111/j.1467-8691.2007.00428.x
https://doi.org/10.1002/smj.507
https://doi.org/10.1016/j.respol.2013.10.004
https://doi.org/10.1016/j.respol.2015.08.003

Love, J. H., Roper, S., & Vahter, P. (2014). Dynamic complementarities in innovation
strategies. Research Policy, 43, 1774-1784.
https://doi.org/10.1016/j.respol.2014.05.005

Macdonald, S., & Deng, Y. (2004). Science parks in China: A cautionary exploration.
International Journal of Technology Intelligence and Planning 1(1), 1-14. DOI:
10.1504/1JTIP.2004.004923

Madrid-Guijarro, A., Garcia, D., & Van Auken, H. (2009). Barriers to innovation among
Spanish manufacturing SMEs. Journal of Small Business Management, 47, 465—488.
DOI: 10.1111/5.1540-627X.2009.00279.x

Mahmood, I. P., & Mitchell, W. (2004). Two faces: Effects of business groups on innovation
in emerging economies. Management Science, 50, 1348—1365.
https://www.jstor.org/stable/30046179

Mina, A., Bascavusoglu-Moreau, E., & Hughes, A. (2014). Open service innovation and the
firm's search for external knowledge. Research Policy, 43, 853-866.
https://doi.org/10.1016/j.respol.2013.07.004

Ng, W. K. B., Appel-Meulenbroek, R., Cloodt, M., & Arentze, T. (2019). Towards a
segmentation of science parks: A typology study on science parks in Europe.
Research Policy, 48(3), 719-732. doi:https://doi.org/10.1016/j.respol.2018.11.004

Nicholls-Nixon, C. L., & Woo, C. Y. (2003). Technology sourcing and output of established
firms in a regime of encompassing technological change. Strategic Management
Journal, 24, 651-666. https://doi.org/10.1002/sm;.329

OECD (2005). Oslo manual: Guidelines for Collecting and interpreting innovation data
(Third edition). Paris: OECD.

Oriaifo, J., Torres de Oliveira, R., & Ellis, K. M. (2020). Going above and beyond: How
intermediaries enhance change in emerging economy institutions to facilitate small to
medium enterprise development. Strategic Entrepreneurship Journal.
https://doi.org/10.1002/sej.1349

Peng, M. W., Wang, D. Y., & Jiang, Y. (2008). An institution-based view of international
business strategy: A focus on emerging economies. Journal of International Business
Studies, 39, 920-936. https://www.jstor.org/stable/25483310

Piatier, A. (1984). Barriers to innovation. London; Dover, NH: F. Pinter.

Podsakoff, P. M., MacKenzie, S. B., Lee, J.-Y., & Podsakoff, N. P. (2003). Common method
biases in behavioral research: A critical review of the literature and recommended
remedies. Journal of Applied Psychology, 88, 879. https://doi.org/10.1037/0021-
9010.88.5.879

Powell, W. W., Koput, K. W., & Smith-Doerr, L. (1996). Interorganizational collaboration
and the locus of innovation: Networks of learning in biotechnology. Administrative
Science Quarterly, 116—145. DOI: 10.2307/2393988

Qian, H., Jung, H. (2017) Solving the knowledge filter puzzle: absorptive capacity,
entrepreneurship and regional development. Small Bus Econ 48, 99-114.
https://doi.org/10.1007/s11187-016-9769-y

Rammer, C., Kinne, J., & Blind, K. (2020). Knowledge proximity and firm innovation: A
microgeographic analysis for Berlin. Urban Studies, 57, 996-1014.
https://doi.org/10.1177/0042098018820241

Redding, G., & Witt, M. A. (2009). China's business system and its future trajectory. Asia
Pacific Journal of Management, 26, 381-399. DOI: 10.1007/s10490-008-9126-z

Roper, S., Love, J. H., & Bonner, K. (2017). Firms’ knowledge search and local knowledge
externalities in innovation performance. Research Policy, 46(1), 43-56.
https://doi.org/10.1016/j.respol.2016.10.004

40


https://doi.org/10.1016/j.respol.2014.05.005
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1111%2Fj.1540-627X.2009.00279.x
https://doi.org/10.1016/j.respol.2013.07.004
https://doi.org/10.1016/j.respol.2018.11.004
https://doi.org/10.1002/smj.329
https://psycnet.apa.org/doi/10.1037/0021-9010.88.5.879
https://psycnet.apa.org/doi/10.1037/0021-9010.88.5.879
https://doi.org/10.1177%2F0042098018820241
https://doi.org/10.1016/j.respol.2016.10.004

Salter, A., Ter Wal, A. L., Criscuolo, P., & Alexy, O. (2015). Open for ideation: Individual-
level openness and idea generation in R&D. Journal of Product Innovation
Management, 32, 488—504. https://doi.org/10.1111/jpim.12214

Sandberg, B., & Aarikka-Stenroos, L. (2014). What makes it so difficult? A systematic
review on barriers to radical innovation. Industrial Marketing Management, 43, 1293—
1305. https://doi.org/10.1016/j.indmarman.2014.08.003

Sarkees, M., Hulland, J., & Prescott, J. (2010). Ambidextrous organizations and firm
performance: the role of marketing function implementation. Journal of Strategic
Marketing, 18, 165—184. DOI: 10.1080/09652540903536982

Savitskaya, 1., Salmi, P., & Torkkeli, M. (2010). Barriers to open innovation: Case China.
Journal of Technology Management & Innovation 5(4), 10-21. DOI: 10.4067/S0718-
27242010000400002

Scandura, A. (2016). University-industry collaboration and firm's R&D effort. Research
Policy, 45, 1907-1922, doi:https://doi.org/10.1016/j.respol.2016.06.009.

Segarra-Ciprés, M., & Bou-Llusar, J. C. (2018). External knowledge search for innovation:
the role of firms’ innovation strategy and industry context. Journal of Knowledge
Management, 22, 280-298. https://doi.org/10.1108/JKM-03-2017-0090.

Siegel, D. S., Westhead, P., & Wright, M. (2003). Assessing the impact of university science
parks on research productivity: Exploratory firm-level evidence from the United
Kingdom. International Journal of Industrial Organization, 21, 1357-1369.
https://doi.org/10.1016/S0167-7187(03)00086-9

Simon, Herbert A. (1947). Administrative behavior: Simon and Schuster.

Slater, S. F., & Narver, J. C. (2000). The positive effect of a market orientation on business
profitability: A balanced replication. Journal of Business Research, 48(1), 69-73.
https://doi.org/10.1016/S0148-2963(98)00077-0

Spithoven, A., Vanhaverbeke, W., & Roijakkers, N. (2013). Open innovation practices in
SMEs and large enterprises. Small Business Economics, 41, 537-562.

Sutherland, D. (2005). China's science parks: Production base or a tool for institutional
reform? Asia Pacific Business Review 11, 83—104.
https://doi.org/10.1080/1360238052000298399

Thomd, J., & Bizer, K. (2013). To protect or not to protect? Modes of appropriability in the
small enterprise sector. Research Policy, 42(1), 35-49.
https://doi.org/10.1016/j.respol.2012.04.019

Tian, M. (2013). The birth, growth, and dynamics of innovation systems in less-favoured
regions: A case study on the Optics Valley of China, Wuhan. University College
London

Torres de Oliveira, R., & Figueira, S. (2018). How China’s business system works. In G.
Bonvillian (Ed.), The savvy investors guide to doing business in China (pp. 159-185).
Arizona: Marquette Books.

Torres de Oliveira, R. and Figueira, S. (2019), "The specificities of interviewing in China",
Qualitative Market Research, Vol. 21 No. 1, pp. 118-134.
https://doi.org/10.1108/QMR-11-2016-0117

Torres de Oliveira, R., Sahasranamam, S., Figueira, S., & Paul, J. (2019). Upgrading without
formal integration in M&A: the role of social integration. Global Strategy Journal.
https://doi.org/10.1002/gsj.1358

Torres de Oliveira, R., Verreynne, M., Figueira, S., Indulska, M., & Steen, J. (2020) How do
institutional innovation systems affect open innovation?, Journal of Small Business
Management, DOI: 10.1080/00472778.2020.1775466

Urbano, D., & Alvarez, C. (2014). Institutional dimensions and entrepreneurial activity: An
international study. Small Business Economics, 42, 703-716.

41


https://doi.org/10.1111/jpim.12214
https://doi.org/10.1016/j.indmarman.2014.08.003
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1080%2F09652540903536982
https://doi.org/10.1016/j.respol.2016.06.009
https://doi.org/10.1108/JKM-03-2017-0090
https://doi.org/10.1016/S0167-7187(03)00086-9
https://doi.org/10.1016/S0148-2963(98)00077-0
https://doi.org/10.1080/1360238052000298399
https://doi.org/10.1016/j.respol.2012.04.019
https://doi.org/10.1108/QMR-11-2016-0117
https://doi.org/10.1002/gsj.1358
https://doi.org/10.1080/00472778.2020.1775466

van de Vrande, V. (2013). Balancing your technology-sourcing portfolio: How sourcing
mode diversity enhances innovative performance. Strategic Management Journal, 34,
610-621. https://doi.org/10.1002/sm;j.203 1

van de Vrande, V., de Jong, J. P. J., Vanhaverbeke, W., & de Rochemont, M. (2009). Open
innovations in SMEs: Trends, motives and management challenges. Technovation,
29, 423-437. https://doi.org/10.1016/j.technovation.2008.10.001

van de Vrande, V., & de Man, A.-P. (2011). A response to "Is open innovation a field of
study or a communication barrier to theory development?" Technovation, 31, 185—
186. DOI: 10.1016/j.technovation.2011.01.002

Vanhaverbeke, W., & Cloodt, M. (2014). Theories of the firm and open innovation. New
Frontiers in Open Innovation, 256. DOI:
10.1093/acprof:0s0/9780199682461.003.0014 -

Vésquez-Urriago, A. R., Barge-Gil, A., & Modrego Rico, A. (2016). Science and technology
parks and cooperation for innovation: Empirical evidence from Spain. Research
Policy, 45, 137-147. https://doi.org/10.1016/j.respol.2015.07.006

Verreynne, M., Torres de Oliveira, R., Steen, J. et al. What motivates ‘free’ revealing?
Measuring outbound non-pecuniary openness, innovation types and expectations of
future profit growth. Scientometrics 124, 271-301 (2020).
https://doi.org/10.1007/s11192-020-03434-4

Verreynne, M.-L., Williams, A. M., Ritchie, B. W., Gronum, S., & Betts, K. S. (2019).
Innovation diversity and uncertainty in small and medium sized tourism firms.
Tourism Management, 72, 257-269,
doi:https://www.sciencedirect.com/science/article/pii/S0261517718303005#bib35.

Wang, C.-H., Chang, C.-H., & Shen, G. C. (2015). The effect of inbound open innovation on
firm performance: Evidence from high-tech industry. Technological Forecasting and
Social Change, 99, 222-230. https://doi.org/10.1016/j.techfore.2015.07.006

West, J., Salter, A., Vanhaverbeke, W., & Chesbrough, H. (2014). Open innovation: The next
decade. Elsevier.

Williams, C., Colovic, A., & Zhu, J. (2016). Foreign market knowledge, country sales
breadth and innovative performance of emerging economy firms. International
Journal of Innovation Management 20, 1650059. DOI: 10.1142/S1363919616500596.

Williamson, O. E. (1991). Comparative economic organization: The analysis of discrete
structural alternatives. Administrative Science Quarterly, 269-296. DOI:
10.2307/2393356

Wright M., Link A.N., Amoroso S. (2019) Lessons Learned and a Future Research and
Policy Agenda on Science Parks. In: Amoroso S., Link A., Wright M. (eds) Science
and Technology Parks and Regional Economic Development. Palgrave Advances in
the Economics of Innovation and Technology. Palgrave Macmillan, Cham

Yang, C.-H., Motohashi, K., & Chen, J.-R. (2009). Are new technology-based firms located
on science parks really more innovative? Evidence from Taiwan. Research Policy, 38,
77-85. https://doi.org/10.1016/j.respol.2008.09.001

Zhang, H., & Sonobe, T. (2011). Development of science and technology parks in China,
1988-2008. Economics: The Open-Access, Open-Assessment E-Journal, 5, 6. DOI:
10.5018/economics-ejournal.ja.2011-6

Zhang, J., & Wu, F. (2006). China's changing economic governance: Administrative
annexation and the reorganization of local governments in the Yangtze River Delta.
Regional Studies, 40(1), 3-21. https://doi.org/10.1080/00343400500449085

Zhang, S., Yang, D., Qiu, S., Bao, X., & Li, J. (2018). Open innovation and firm
performance: Evidence from the Chinese mechanical manufacturing industry. Journal

42


https://doi.org/10.1002/smj.2031
https://doi.org/10.1016/j.technovation.2008.10.001
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2Fj.technovation.2011.01.002
https://doi.org/10.1016/j.respol.2015.07.006
https://www.sciencedirect.com/science/article/pii/S0261517718303005#bib35
https://doi.org/10.1016/j.techfore.2015.07.006
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1142%2FS1363919616500596
https://doi.org/10.1016/j.respol.2008.09.001
https://doi.org/10.1080/00343400500449085

of Engineering and Technology Management, 48, 76-86. doi:
https://doi.org/10.1016/j.jengtecman.2018.04.004

Zhou, H., Yao, Y. and Chen, H. (2018), "How does open innovation affect firms’ innovative
performance : The roles of knowledge attributes and partner opportunism", Chinese
Management Studies, Vol. 12 No. 4, pp. 720-740. https://doi.org/10.1108/CMS-05-
2017-0137

43


https://doi.org/10.1016/j.jengtecman.2018.04.004
https://doi.org/10.1108/CMS-05-2017-0137
https://doi.org/10.1108/CMS-05-2017-0137

