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ABSTRACT 

This study aims to examine how engagement in science park collaborative network (ESPCN) 

influences innovation capabilities and financial performance of on-park firms. Based on the 

survey towards Beijing and Shanghai science parks in China, it explores how science park 

ecosystem creates value for their hosted firms. This research address three research questions, 

including (1) What should the measurement scale of ESPCN entail in order help tenants exploit 

benefits associated with science park location?  (2) What is the impact of ESPCN on 

innovation capabilities and financial performance of tenant firms? (2) What are individual 

impacts of four dimensions of ESPCN on innovation capabilities and financial performance of 

tenant firms. 

Firstly, this study develops a multi-dimensional construct of ESPCN, which is composed of 

four first-order factors, including academic-industry collaboration, inter-firm collaboration, 

interaction with technology intermediaries, and interaction with financial institutions. The 

ESPCN scale is validated by a sample size of 312 managers of firms on Chinese science parks. 

Exploratory factor analysis (EFA) and confirmatory factor analysis (CFA) are applied to the 

validation of measurement scale.  

Secondly, this study extends science park literature by exploring how collaborative network 

within science park ecosystem contributes to innovation achievement and commercial value of 

tenants. The results indicate that ESPCN has positive and significant effects on tenant firms’ 

innovation capabilities, which in turn contributes to superior financial performance. Firms that 

develop close network relationships with different science park actors can exploit more benefits 

from science park location.   

Finally, individual effects of ESPCN dimensions have been tested in terms of their effects on 

innovative and financial outcomes of firms. The results indicate that academic-industry 

collaboration exerts the greatest impacts on tenants in terms of both innovative and financial 

outcomes. Interaction with financial institutions is also positively related to both innovation 

and financial performance. Inter-firm network and interaction with technology intermediaries 

have positive influences on innovation while do not show positive impacts on financial 

performance. Compared with individual-effect model, overall-effect model demonstrates better 

performance with regard to the effectiveness in improving firms’ outcomes. Firms can reap 

more benefits from adoption of four practices simultaneously than only focus on one of them.   
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CHAPTER 1 INTRODUCTION 

1.1 RESEARCH BACKGROUND 

In the era of knowledge economy, firms are faced with speeding up of technological change 

and increasing knowledge intensity (Jansen, 2017; Gandini, 2015). Growing R&D costs and 

increasing complexity of innovation process makes it difficult for a single firm to maintain 

sustained competitive advantage (Najafi-Tavani et al., 2018). In order to adapt to rapid 

technological change, firms need to have control of essential resources and capabilities to cope 

with such adaptations (Rothaermel, 2001). Companies in high technology industries encounter 

challenges in their quest of survival in dynamic and unprecedented industries. Nowadays firms 

tend to seek knowledge across their own boundaries in order to survive in increasingly 

competitive business environment in the long term. Collaborative network allows for sharing 

of risk and costs with partners. Exchange of resources, knowledge, skills and expertise enables 

firms to accelerate their innovation process as well as rapidly adapt to rapid changes in market 

demands and technology trends (George et al., 2002; Tomlinson, 2010; Lin and Lin, 2016) 

Network becomes more and more popular with increasing complexity of technology and 

growing innovation costs.  

Nowadays innovation is lifeblood for knowledge-based firms, which provides firms with first 

mover and lead market advantages (Rothaermel, 2001). Firms with innovation capabilities have 

a superior position in achieving competitive advantage, leading to long-term profitability. It is 

believed that innovation process involves high risk and long-term financial investment is 

required. Innovation is a problem-solving process in which insights into problems are gained 

via continuous search and efforts (Schilling and Phelps, 2007). It is a dynamic and complex 

process that involves interactive learning and cumulative interactions (Konsti-Laakso et al., 

2012). However, it is almost unlikely that a single firm can generate all essential resources for 
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innovation. It is a costly, complex and time-consuming process to accumulate a variety of 

technological capabilities. Inter-organisational network is a solution to firms’ deficiencies in 

resources for technological innovation.  

According to Hu (2007), science parks are characterized by synergies created among diverse 

institutions. The agglomeration of R&D institutions, technology-based companies and 

knowledge-intensive service providers creates an favourable environment that nurtures 

continuous innovation. A hybrid network of public or private organizations with the provision 

is the seedbed for local innovation success (Etzkowitz and Klofsten, 2005). A range of location 

benefits are associated with the location within science parks, such as quick access to customers 

and supplier, well-developed technological infrastructure, high-skilled human resources, 

diverse consulting services, various sources of capital etc (Shearmur and Doloreux, 2000; 

Miller, 2013).  

Intense science park network facilitates knowledge dissemination, communication and 

collective problem-solving (Schilling and Phelps, 2007). Spatial proximity and frequent 

interactions between actors enable faster access to relevant knowledge and deeper 

understanding of new knowledge or technology. Long-term and face-to-face communication 

fosters mutual trust and interactive learning (Lorenzoni and Lipparini, 1999). Science parks 

create a favourable environment for collective learning, which fosters the emergence of 

creative ideas and innovations. Universities and research institutions serve as centres of 

knowledge creation and knowledge diffusion (Tsai, 2009). They are key sources of new 

scientific and technological knowledge as well as high-qualified and high-skilled talents 

(Petruzelli, 2011). Collaboration between firms in similar areas or sectors enables firms to share 

risk, costs, knowledge with their partners. Technology intermediaries such as industrial 

associations, training institutions, innovation centres, They can act as knowledge brokers who 
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integrate knowledge bases of different innovation actors and introduce new combinations of 

knowledge (De Silva et al., 2018). Finally, financial institutions can provide science park firms 

with access to both technology funding and necessary financial services.  

This research is grounded in the resource-based view (RBV) and knowledge-based view (KBV) 

of firms. The main notion of RBV is that firms is a bundle of tangible and intangible resources. 

It suggests that internal resources or capabilities or resources are the main drivers for 

achievement of sustainable competitive advantage (Wernerfelt, 1984; Barney, 1991). This 

study argues that collaborations with external actors enable firms to overcome scarcity of 

internal resources or competencies. Few firms have control over all resources and assets 

required for developing innovation (Goes and Park, 1997). Firms are embedded in external 

knowledge network for the purpose of enhancing accessibility to complementary resources. 

Collaborative network with different actors in science parks is valuable, non-imitable and non-

substitutable resources for firms, which form the basis for firms to create and maintain 

competitive advantage in the markets.  

1.2 RESEARCH SCOPE 

The study is conducted in Chinese context. Previous studies provide rich evidence on the 

effects of science parks on firms in developed economies (Lindelof and Lofsten, 2003; 

Ferguson and Olofsson, 2004; Yang et al., 2009; Lamperati et al., 2015). By contrast, empirical 

studies that measure the effectiveness of science parks within developing countries in fostering 

business growth are relatively limited. China is the largest developing country in the world. 

This study examines whether science parks in China provide a catalytic environment for the 

growth of firms. On the other hand, it is easier to get access to data in Chinese context due to 

nationality of the researcher. 

In order to meet challenges brought by competition in global business environment, the 
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Chinese government initiated Torch Program in 1988 (Hu, 2007). As the largest developing 

country, China strives to strengthen core competencies of hi-tech industrial sectors in order to 

gain and sustain national competitiveness (Rodriguez-Pose and Hardy, 2014). Torch Program 

is an important science and technology initiative initiated by the Chinese government with the 

purpose of the transition from labour-intensive to technology-intensive economy. The creation 

of science parks is the dominant idea of Torch Program. Under the Torch Program, more than 

100 science parks have been established in major cities since the late 1980s. The government 

regards science parks as a mechanism to bridge the gap between China and developed 

economies in high technology fields (Hu, 2007). The government expects the science parks to 

generate synergies between innovation-led firms, academic institutions and diverse business 

service providers. Preferential government policies of attracting investment in science parks 

lead to development of the innovative milieu. 

Firm located on science parks in Beijing and Shanghai are the focus of the survey. 312 

responses of questionnaire have been collected from managers of science park firms by email 

and/or Wechat. Beijing and Shanghai concentrate the largest share of basic research of public 

research institutions and top universities in China (Cao, 2004). Zhongguancun Science Park of 

Beijing is the most intensive scientific, education and talent resource base in China. It has 

formed a high and new-tech industrial cluster characterized by the dominance of companies in 

information technology and electronics sector. Shanghai has built its strong biotechnology 

industrial base in Zhangjiang Hi-tech Park, which aims to become China’s “Medicine Valley” 

(Zhang and Wu, 2012). In 1999, Shanghai municipal government adopted a policy called 

“Focusing on Zhangjiang”, giving a series of preferential policies with regard to talents, land 

and capital.  
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1.3 RESEARCH GAP 

There is a growing number of studies examining the effectiveness of science parks in creating 

value for tenant firms. There are methodological difficulties inherent in the approach to 

measurement of science parks’ effects on firms. Comparing the performance of firms inside 

and outside parks is a widely used method to assess the impacts of science parks on tenant 

firms. A large amount of research measures the effectiveness of science parks by comparing 

on-park and off-park firms due to the availability of statistical data sources (Westhead, 1997; 

Lindelof and Lofsten, 2003; Ferguson and Olofsson, 2004; Yang et al., 2009; Lamperati et al., 

2015; Liberati et al., 2016). They demonstrate mixed results with regard to the effects of science 

parks on firms. Some studies reveal positive effects of science parks when they compare 

performance of firms located on and off parks. Based on a survey of Italian science parks, 

Lamperati et al. (2015) reveals much higher level of tenants’ patent applications and R&D 

expenditure than that of off-park firms. The findings of Lofsten and Lindelof (2002) 

demonstrate significantly higher performance of tenant firms on Swedish science parks than 

off-park ones in terms of growth in sales and employment. The study of Ferguson and Olofsson 

(2004) on Swedish science parks have found that survival rates of hosted firms is greater than 

firms located outside parks.  

However, some authors did not find out positive impacts of science parks on tenant firms. The 

evidence regarding whether science parks successfully sustain tenants’ performance remains 

doubtful. The survey of Italian science parks conducted by Liberati et al. (2016) fails to find 

out the evidence that affiliated firms have better performance in terms of number of patents 

and the ratio between intangible investment and total assets. The study of Lindelof and Lofsten 

(2003) on Swedish science parks does not find significant differences between new technology-

based firms (NTBFS) on parks and off parks regarding patents. Westhead (1997) conducted a 
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survey of firms located inside and outside UK science parks. The results reveal no significant 

differences between two groups of firms in both R&D inputs (i.e. R&D expenditure and R&D 

intensity) and R&D outputs (i.e. number of patents, copyrights, new products).  

First of all, they fail to explore the processes of knowledge creation and knowledge sharing 

that occurs in network between different actors in science park ecosystem. There is a lack of 

an integrated framework tackling how knowledge sharing and collaborative innovation process 

involved in science park ecosystem influence tenants’ performance. Few studies examine the 

contribution of collaborative network to competitive advantage of firms located on science 

parks. Secondly, they do not take into account heterogeneous effects of science park location 

on the performance of hosted firms. Prior studies have found mixed results when they evaluate 

the effects of science parks. Some of studies that compare the performance of on- and off-park 

firms reveal satisfactory results while others fail to find positive effects of science parks on 

park firms. There is no guarantee that science park location brings about superior firm 

performance. The performance of on-park firms depends not only on external resources and 

support provided by science parks, but also on their capabilities and strategies to exploit the 

location benefits (Diez-Vial and Fernandez-Olmos, 2015). This research proposes that firms’ 

outcomes depend on firms’ ability to exploit resources or knowledge available to facilitate 

innovation capabilities. Conditions are similar for businesses located within a science park, 

thus, business growth also depends on their own ability to develop and maintain external 

collaborative relationships (Lechner and Dowling, 2003). Last but not least, it is obvious that 

an extensive body of literature focus on assessing the effectiveness of science parks in 

developed countries in promoting the growth of affiliated firms. There are rich evidence about 

the effects of science parks on firms in advanced economies. By contrast, empirical studies that 

measure the effectiveness of science parks in emerging economies through quantitative 

approach are relatively limited.  
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1.4 MOTIVATION, CONTRIBUTION AND IMPLICATIONS 

The motivation for conducting research in the context of science parks is personal interests. 

The research topic that researcher identified for masters dissertation is university-industry 

linkages within Cambridge Science Park. To further study the phenomenon of science parks, 

the researcher’s PhD project explores how science park collaboration network contributes to 

innovation improvement and business growth of tenant firms. The target of investigation has 

changed into science parks in the largest developing country, China.  

The study contributes to literature in several ways. On the one hand, it develops a theoretical 

framework that explores the effectiveness of science park ecosystem in facilitating firms’ 

achievement in innovation and commercial value. It justifies how science parks collaborative 

network creates value for tenant firms. The impacts of knowledge sharing and technology flow 

that occur in science park ecosystem on innovation and financial performance of tenant firms 

have been explored. On the other hand, this study also examines the effects of individual 

dimensions of science park collaborative network on affiliated firms. It extends the literature 

by exploring which type of collaboration existing in science park ecosystem has stronger or 

weaker impacts on tenant firms.  

In terms of policy implications, it is necessary for management teams of Chinese science parks 

initiate policies or strategies that facilitate collaborative relationships between tenants and 

various types of organizations or institutions. Apart from offering space, office and facilities to 

their hosted firms, science parks should take an active part in fostering networking and 

interactions that makes technology diffusion and knowledge flow easier. Park managers should 

also help hosted firms overcome challenges and mitigate risk involved in network relationships. 

For managers of science park firms, they can be aware of the importance of developing close 

linkages with different organizations involved in science park ecosystem simultaneously. They 
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also need to seek methods to eliminate barriers to collaborative relationships with other 

organizations.  

1.5 RESEARCH QUESTIONS AND OBJECTIVES 

This study explores how science park ecosystem creates value for its tenant firms in China. It 

examines how benefits derived from science park collaborative network can be channeled to 

enhance innovative and financial outcomes of tenant firms. It will look into the following 

research questions: 

RQ1) What would measurement scale of ESPCN entail? 

RQ2) What is aggregate impact of ESPCN on innovation capabilities and financial 

performance of tenant firms? 

RQ3) What are individual impacts of ESPCN’s four sub-dimensions on innovation capabilities 

and financial performance of tenant firms? 

This study aims to address the following research objectives based on research questions above: 

RO1) Produce the literature review of science parks as well as collaborative relationships exist 

in science park ecosystem. 

RO2) Conduct scale development for “engagement in science park collaborative network” 

(ESPCN). 

RO3) Test the validity and reliability of ESPCN measurement scale. 

RO4) Develop theoretical framework that reveals the relationships between ESPCN and 

tenants’ innovation capabilities and financial performance. 
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RO5) Examine the hypotheses proposed in the theoretical model. 

1.6 THESIS STRUCTURE 

Chapter 1 provides an overview of research background, and presents research questions and 

objectives on the basis of the identification of research gap.  

Chapter 2 reviews the literature in the area of science parks, inter-organizational network and 

innovation capabilities. Definitions, functions and objectives of science parks are summarized. 

The overview of science parks in China is presented. The review of empirical studies regarding 

science parks is provided in order to identify research gap. This chapter also reviews literature 

on different types of inter-organizational network exists in science parks, including academic-

industry collaboration, inter-firm collaboration, interaction with technology intermediaries and 

financial institutions. Moreover, the summary of studies on innovation capabilities is included 

in this part. Finally, this chapter lays out underlying theories for the research, including 

resource-based view (RBV), knowledge-based view (KBV), and dynamic capabilities are 

included in this chapter.  

Chapter 3 presents research methods employed in this research. This chapter illustrates the 

process of questionnaire design and data collection. It reveals the selection of research strategy 

and identifies questionnaire-based survey as the major approach to data collection. In addition, 

this chapter justifies the reasons for the application of structural equation modeling (SEM) to 

this study. The steps of developing and validating the conceptual model have been clarified.  

Chapter 4 develops the conceptual framework underlying the present study and proposes 

hypotheses to be tested. This chapter identifies nine constructs, including four components of 

“engagement in science park collaborative network”, four components of “innovation 

capabilities”, and financial performance of tenant firms. Hypotheses that reflect the 
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relationships between those constructs have been identified.  

Chapter 5 demonstrates the results of data analysis. Exploratory factor analysis (EFA) and 

confirmatory factor analysis (CFA) are employed to test the validity of the measurement model. 

Model fit of two structural models are assessed after the validation of measurement model. 

Two structural models measure overall effects of ESPCN and individual effects of ESPCN’s 

four dimensions on innovation capabilites and financial performance of tenant firms 

respectively. The hypotheses proposed in Chapter 4 are also tested.  

Chapter 6 discusses and analyses the empirical results. It presents discussions about the 

measurement scale of ESPCN, the individual impacts of four dimensions of ESPCN on 

innovation and financial performance of science park firms, and overall effects of ESPCN on 

tenant firms. Theoretical contribution and managerial implications of this study have been 

presented in this chapter. 

Chapter 7 provides a conclusion of the thesis. This chapter clarifies how research findings 

address research questions proposed in introduction chapter. Theoretical and managerial 

implications of this research are suammarised in this section. This section also points out the 

limitations of the research and provides a couple of suggestions for future research in the area 

of science parks. 
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CHAPTER 2 LITERATURE REVIEW 

2.1 INTRODUCTION 

This research is conducted in science park context, thus a review of science park literature is 

presented in the first section of this chapter. Definitions, functions and objectives of science 

parks are summarised, which leads to the identification of major research aim. Science parks 

are committed to promoting technology transfer between academia and industry, facilitating 

the creation and growth of technology-based firms, and stimulating regional economic growth. 

This research focus on exploring the role of science parks in contributing to the growth of 

technology-based firms. Besides, this chapter presents the background of creation and 

development of Chinese science parks, which are the focus of this study. In addition, this 

chapter reviews empirical studies related to science parks, putting an emphasis on studies with 

regard to the impacts of science parks on performance of hosted firms. It helps with the 

identification of research gap in prior science park literature.  

This research highlights the role of network in contributing to science park firms’ outcomes. It 

examines how network relationships with different types of organisations or institutions 

involved in science park ecosystem influences firms’ achievement in innovation and 

commercial value. Thus, relevant literature including academic-industry links, inter-firm 

network, technology intermediaries and financial institutions are reviewed. As the impacts of 

science parks on firms’ innovative achievement is the core of this research, review of studies 

relevant to innovation capabilities is presented. The literature review of innovation capabilities 

enables the author to conceptualise innovation capabilities. It helps with clarifying the elements 

comprising innovation capabilities of firms.  

The first section of this chapter presents the literature view of science parks. Firstly, definition 

of science parks has been discussed. Secondly, three major functions or objectives of science 
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parks have been identified, including stimulating knowledge-based entrepreneurship, 

facilitating synergies and networking, and promoting regional development. Thirdly, an 

overview of science parks in China has been provided. Finally, empirical studies about science 

parks are summarised. Next section of this chapter focuses on four types of actor on science 

park ecosystem, including academic institutions, commercial businesses, technology 

intermediaries, and financial institutions. The last section presents a review of literature on 

innovation capabilities.  

2.2 LITERATURE REVIEW OF SCIENCE PARKS  

2.2.1 Definitions of science parks 

There is no agreement on the definition of science parks. Various terms can be used to describe 

science parks, including technology parks, innovation parks, research parks, technopoles, etc. 

Different types of park-based models that cater different demands of regional contexts or 

industrial sectors contribute to ambiguity in defining science parks. Moreover, different types 

of organizations involved in science park ecosystem have different objectives. Local authorities 

pursue improvement of regional economy, growth in employment as well as attraction of 

foreign direct investment (FDI). Universities aim to supplement funding through commercial 

exploitation of scientific research. Firms attempt to acquire commercial benefits from location 

on science parks.  

Individual science park associations define science parks in their own way. International 

Association of Science Parks and Areas of Innovation (IASP) is headquartered in Spain. It 

defines a science park as “an organisation managed by specialised professionals, whose main 

aim is to increase the wealth of its community by promoting the culture of innovation and the 

competitiveness of its associated businesses and knowledge-based institutions (IASP, 2019).” 

According to IASP (2019), a science park should satisfy several criteria to meet their goals: “ 
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 Stimulates and manages the flow of knowledge and technology amongst universities, R&D 

institutions, companies and markets; 

 Facilitates the creation and growth of innovation-based companies through incubation and 

spin-off processes; 

 Provides other value-added services together with high quality space and facilities.” 

The United Kingdom Science Park Association (UKSPA, 2019) clarifies that science parks are 

supposed to fulfil criteria as follows. “A science park is a business support and technology 

initiative that: 

 Encourages and supports the start-up and incubation of innovation-led, high-growth, 

knowledge-based businesses; 

 Provides an environment where larger and international businesses can develop specific 

and close interactions with a particular centre of knowledge creation for their mutual 

benefit; 

 Has formal and operational links with centres of knowledge creation such as universities, 

higher education institutes and research organisations (UKSPA, 2019).” 

The Association of University Research Parks (AURP) was set up in 1986 on an international 

conference in the United States. A science park is defined by AURP as “a property-based 

venture which,  

 Master plans properly designed for research and commemoration;  

 Creates partnerships with universities and research institutions; 

 Encourages the growth of new companies; 

 Translates technology; 

 Drives technology-led economic development.” (AURP, 2019)  
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Besides, European Union (1990) defines a science park as:  

“...a place where newly created firms are concentrated in a limited space. Its aim is to improve 

the chance of growth and rate of survival of these firms by providing them with a modular 

building with common facilities (telefax, computing facilities, etc.) as well as with managerial 

support and back-up services. The main emphasis is on local development and job creation. 

The technology orientation is often marginal.” 

AURP’s definition has adopted a set of distinguishable criteria for defining university research 

parks. IASP and UKSPA have provided similar criteria. However, their definitions include 

science parks, research parks, technology parks and innovation centres. EU places an emphasis 

on the idea of seeing science parks as a mechanism to boost regional development and job 

creation. It focuses on the provision of space and physical facilities for businesses. IASP and 

UKSPA definitions regard science parks as facilitators for entrepreneurship and technology 

transfer. The dominant idea of their definitions lies in science parks’ formal and operational 

linkages with HEIs or research centres. European Commission (2013) identify three 

generations of science parks. The first generation of science parks in the 1980s are property 

sites with active linkages with higher education institutions. During the 1990s, second 

generation of science parks have started to focus on the role of developing stronger and more 

complex network that allows tenants to access requisite resources. In 2006, the workshop of 

directors, consultants and academics from world-leading parks defined the third generation of 

science parks. Third-generation parks are dedicated to creation of collaborative spaces that 

contribute to higher level innovation. They bring together diverse groups of organizations, 

institutions or individuals together in order to generate creativity and innovation, enhance 

process productivity, and transform new ideas or concepts into marketable products or services. 

Despite a variety of definitions of science parks, they have several characteristics in common. 
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They share three similar objectives, including regional economic development, technology 

transfer, and growth of technology-based companies (Castells and Hall, 1994). The generation 

of employment and wealth for local economy is one of the primary objectives of establishment 

of science parks (EU, 1990; Hansson, 2007). They provide incentives for technology transfer 

from knowledge base to commercial community. Besides, science parks contribute to the 

innovation and competitiveness of tenant firms (Massey and Wield,, 1992). 

Science parks have a vital function in the formation and development of new technology-based 

firms (NTBFs) (Rodriguez-Pose and Hardy, 2014). They are growth poles for the flourishment 

of technology-based firms (Shearmur and Doloreux, 2000). The fundamental objective of 

science parks is to provide a platform that is conducive to innovation (Rodriguez-Pose and 

Hardy, 2014). Cultivating knowledge-intensive start-ups is the key to sustainable innovation in 

the local economy. Heterogeneous entities, including knowledge-intensive business services, 

venture capital, incubators etc., concentrate on science parks. Science parks play a signpost 

role in assisting tenants to identify the sources of capital, knowledge, talents they require. Such 

policy settings mitigate tenants’ scarcity of resources to pursue knowledge-based development 

(Etzkowitz and Zhou, 2018). Science parks are proactive in support of new technology 

businesses by provision of specialised property and facilities. Additionally, a diversity of 

professional business support are designed for satisfying the demands of knowledge-based 

firms at start-up and early stages. European Commission (2013) categorises four types of 

services provided by science parks, including property linked services, business support 

services, innovation services and networking services. Property-linked services ensure the 

efficient operation of working environment for park tenants (e.g., conference or meeting rooms, 

laboratories, internet access, social and entertainment facilities). Secondly, science parks have 

a network of professional consultants or advisors that provide business support such as 

marketing advice, globalisation, talents, business planning and quality control. In addition, they 
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also offer services in support of tenants’ R&D, technology transfer and networking activities.  

Science parks are characterised by proximity to knowledge institutions and its associated staff, 

resources and facilities (Etzkowitz and Zhou, 2017). They usually have formal linkages with 

HEIs or research institutions (Miller, 2014). The cross-fertilisation between academic 

community and business community is the dominating idea of science parks. Science parks are 

seen as a catalyst for technology transfer and synergies between academia and industry 

(Shearmur and Doloreux, 2000).  

Last but not the least, science parks play a catalyst role in the growth of regional economy 

(Rodriguez-Pose and Hardy, 2014). The objective of science parks is related to improving 

employment prospects and boosting economic growth through encouraging the formation of 

innovative science-based firms (Hansson, 2007). In general, the central or regional government 

plays a decision role in the development of science parks with the purpose of attracting 

investment from private enterprises.  

2.2.2 Functions and objectives of science parks 

2.2.2.1 The growth pole for knowledge-based firms 

In the era of knowledge-based competition, Science parks provide a catalytic environment for 

the creation and growth of resident firms. The benefits associated with a science park location 

include image effects, innovation culture, quick access to a skilled labour market etc (Gwebu 

et al., 2018). Innovative and entrepreneurial culture and a supply of high-skilled workforce are 

key resources for the formation and growth of businesses in technology-based sectors (Gwebu 

et al., 2018). Creating a dynamic ecosystem for innovation and entrepreneurship is the major 

objective of science parks (Benneworth, 2014). This objective can be achieved by attracting 

companies with technological competencies and encouraging the growth of knowledge-
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intensive start-ups. Science parks serve as a growth pole for attracting enterprises in hi-tech 

industrial sectors (Hansson, 2007). The provision of knowledge infrastructure is designed to 

support the creation of technology-based start-ups and speed up the growth of existing 

enterprises (European Commission, 2013). Many of disruptive innovations emerge within 

start-ups. Science parks create an environment that provide incentives for knowledge-based 

start-ups to conduct R&D and to create innovation (Rodriguez-Pose and Hardy, 2014). They 

are innovative milieu that ensure the supply of regional resources to breed technology-oriented 

businesses (European Commission, 2013). 

Science parks are policy settings that support the transformation of innovative ideas into 

commercial start-ups (Hansson, 2007). They serve as business support infrastructure for 

technology-based start-ups and early stage firms (European Commission, 2013). Science parks 

are committed to performing enabling functions for tenants’ innovation process (Miller, 2014). 

They secure public sector support for tenants to undertake innovation-related activities. They 

nurture an environment conducive to innovation by providing value-added business services, 

financial support, and assistance in technological development (Rodriguez-Pose and Hardy, 

2014). Hansson et al. (2005) maintain that modern science parks support all stages of 

innovation process, ranging from R&D to commercialisation. Science parks contribute to the 

transformation of innovation from a linear process within industry to a non-linear process 

(Etzkowitz and Zhou, 2017). The innovation process goes beyond the industrial sector, 

extending from research to the market. Such mechanisms provide tenants with access to 

connections with both other tenants and the wider environment. Science parks provide “hard” 

technology services such as laboratories, equipment and facilities, as well as “soft” services 

including IPR, training, and financial services (Shearmur and Doloreux, 2000). Tenant firms 

get easy access to inter-firm synergies, academic-industry synergies, thick labour market, and 

local pool of funding (Gwebu et al., 2018).  
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The places where innovation activities are concentrated tend to develop adaptability to rapid-

changing business environment fast-growing hi-tech industries (Rodriguez-Pose and Hardy, 

2014). Knowledge accumulation of science parks gives entrepreneurs opportunities to cope 

with threats associated with dynamic environment (Gwebu et al., 2018). Compared to 

traditional industries, high-technology sectors rely on the knowledge and information related 

to raid response to fast-changing markets and technology to a larger degree (Shearmur and 

Doloreux, 2000). Science parks are regarded as a policy tool that provides slack resources that 

help firms cope with internal or external challenges (Gwebu et al., 2018). Their support helps 

tenants quickly identify and respond to opportunities promptly and mitigate challenges brought 

by environmental dynamism. With support provided by parks, SMEs can do a better job in 

identification of firm position and formulation of market strategies. Entrepreneurs can get quick 

access to customers and suppliers, high-qualified human resources, various consulting services, 

and well-developed technological infrastructure (Shearmur and Doloreux, 2000). The 

accumulation of resources or reserves is likely to better scan and monitor changes or 

opportunities. Resource- and opportunity-rich environments allow tenants to achieve sustained 

competitive advantage (Gwebu et al., 2018).  

2.2.2.2 The facilitator for synergies, networking, and technology transfer  

A single site agglomerates academic institutions, SMEs and large firms, young and established 

companies, and knowledge-intensive business services, building an innovative community 

(Benneworth, 2014). Science park is a policy tool dedicated to facilitating knowledge exchange 

and synergies between various actors (Gwebu et al., 2018). The development of effective 

functioning network depends on mutual trust, historical ties, and previous experience. Spatial 

proximity is a contributing factor to network formation (Ter Wal and Boschma, 2009). 

Geographical closeness allows for face-to-face interactions, frequent contacts, and close 
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interpersonal linkages, reducing the transaction costs of technical knowledge (Rodriguez-Pose 

and Hardy, 2014). Close interaction is associated with trust-based relationships and 

cooperations, which makes the transmission of tacit knowledge easier (Ter Wal and Boschma, 

2009). Polyani (1957) believe that tacit knowledge tends to remain geographically localized, 

spreading over concentrated economic landscapes. Technological breakthroughs are diffused 

“only incompletely and gradually, not fully and instantaneously (Quah 2001, p.90).” The 

cumulative learning process forms the basis for technological innovation.  

Science parks can be seen as an intermediary linking knowledge producers and exploiters for 

stimulating technological innovation development (Benneworth, 2014). They foster knowledge 

spillover from knowledge-based institutions, facilitating knowledge flows between knowledge 

institutions and business sector (Rodriguez-Pose and Hardy, 2014). They “fill the gaps in 

innovation processes where knowledge producers and exploiters are too far apart.” The spaces 

serve as bridge between academic community and business community, fostering 

entrepreneurial science. The “third mission” of universities is featured by increasingly intense 

interaction with business sector and regional authorities (Rodriguez-Pose and Hardy, 2014). 

They are not simply providers of knowledge, but take an active part in development and 

commercialisation of technological innovation. Etzkowitz and Klofsten (2005) believe the 

university as an incubator supporting staff or students’ entrepreneurship, and a seedbed for new 

interdisciplinary fields and emerging high-tech sector. The universities with high-level research 

capabilities play a contributor role in developing a knowledge-based regional economy.  

Even though the government is indispensable as a source of public support, universities are 

considered as crucial to the success of science parks (European Commission, 2013). 

Universities play a critical role in the development of science parks, such as Stanford 

University for Silicon Valley, Harvard University and MIT for Route 128, Cambridge 
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University for “Cambridge Phenomenon” etc. Firstly, they can generate new ideas and 

knowledge for the knowledge-based economy (Castells and Hall, 1994). They are a source of 

raw materials and human resources that science parks need (Massey et al., 1992). Secondly, 

they can provide training courses for industrial engineers and technicians (Castells and Hall, 

1994). Thirdly, universities can play a direct entrepreneurial role, supporting the spin-off 

process of their academic research into a network of commercial enterprises (Massey et al., 

1992; Rodriguez-Pose and Hardy, 2014).  

2.2.2.3 The catalyst for regional development 

Science parks is seen as a catalyst for regional development by stimulating technology-based 

entrepreneurship. They support and encourage the creation and growth of technology-based 

firms that revitalise local economy (Castells and Hall, 1994). They also help regional agencies 

achieve the objective of job creation. Clustering of firms and knowledge flows from research 

community contribute to regional vitality. European Commission (2013) regards science parks 

as an innovation ecosystem with the goal of regional economic growth and job creation. The 

past decades have witnessed science parks becoming a pivotal element of science and 

technology policy of Western countries. They play an increasingly crucial role in developing 

local or regional economy. Hansson (2007) argue that science parks combine a local policy 

interest in growth of regional economy with a more general policy interest in promoting 

entrepreneurship. The government creates science parks primarily for local benefits (Shearmur 

and Doloreux, 2000). They encourage the creation of high-technology companies and high-

quality jobs. Local economy can benefit from the institutional frameworks that allows for 

knowledge dissemination and innovation creation. Science parks are a source of local 

technological competitiveness.  

According to Marshall (1920), localised knowledge spillover is the sources of advantages 
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associated with agglomeration economies, including collective learning, productivity growth, 

employment growth etc. Such knowledge-intensive environments provide a viable 

technological foundation, which is seen as an innovation hub revitalising regional economy. 

Science parks foster the restructuring of regional economic activities and formation of localized 

entrepreneurial network (Parker, 2010). They facilitate collaboration between regional 

agencies, universities, and knowledge-based firms (Rodriguez-Pose and Hardy, 2014). A 

hybrid network of public or private organisations with the provision of information, expertise 

and capital is the seedbed for local innovation success (Etzkowitz and Klofsten, 2005). They 

are strategic assets for regional development as “they contribute to the critical mass of services 

and other support mechanisms offered in the region… (European Commission, 2013).” It is a 

prerequisite for science parks to create a viable environment for securing sustainable 

innovation and continuous technological upgrading in the region. Science parks are seen as 

policy vehicle that stimulates continuous improvement within their localities. Technology 

diffusion through science park network stimulates regional dynamism and economic vitality 

(Peters et al., 1998). Science parks are conducive to transforming a region into a knowledge 

pole. 2013).”  

2.2.3 Science parks in China 

It is widely known that the phenomenon of science parks originated in Silicon Valley of USA. 

Inspired by the success of Silicon Valley, European countries have put a lot of efforts in creating 

science parks for promoting innovation and entrepreneurship. Overview of three well-known 

science parks in Western countries are presented in Appendix 2 (page ). Emerging markets, 

which aim to catch up with developed economies in high-technology sectors, have devoted 

considerable resources and capital to the development of such innovative milieu (Zhu and Tann, 

2007). 
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As the largest developing economy in the world, China pursues the transition from labour-

intensive to knowledge-intensive economy. The Chinese government has initiated policy 

initiatives boosting the development of science and technology (Hu, 2007). In 1986, the 

government embarked on the High Technology Research and Development Plan (863 Plan) in 

attempt to bridge the gap between China and developed economies in high technology fields 

(Hu, 2007). 863 plan provides preferential policies for technology-based companies in 

particular (Walcott, 2002). Policies that support developing high-tech firms include Torch 

Program initiated by the Ministry of Science and Technology in 1988 (ADB Institute, 2018). 

The program aims to “develop high- and new-technology products, establish technology-

oriented enterprises, and pave the way for the commercialization of innovations that will come 

out of major national science and technology programs” (Hu 2007). The Torch Program is one 

of key projects for the purpose of bridging China’s technology gap with the world frontier. The 

dominant ideas of Torch Program include the creation of science parks, promoting technology 

commercialization and innovation-oriented entrepreneurship. Policy incentives provided by 

science parks such as tax holidays stimulate formation of knowledge-intensive enterprises. 

More than 100 science parks have been created under Torch Program The Chinese government 

developed “Talent Strategy” and “Chun Hui Program” to attract overseas Chinese scientists 

and entrepreneurs to return from abroad (Wu, 2007).  

Beijing Zhongguancun Science Park (ZSP) has seen as a technology hub with the largest cluster 

of electronics and information technology companies in China (Liu et al., 2010). With the 

concentration of education and research institutions, ZSP is known as the most important 

intellectual region in China. Sep up in 1988, ZSP is the first science park in China. There are 

more than 40 universities and more than 200 research institutions concentrated in the 

neighbourhood of ZSP (Yu, 2018). Apart from leading universities such as Tsinghua University 

and Peking University, national research institutes including Chinese Academy of Science 



33 

 

(CAS) and Chinese Academy of Engineering are also important sources of technological 

innovation development in Zhongguancun. Under market reform, the government restructured 

the existing education and research system by diminishing funding to universities and public 

research institutions, which stimulates them to set up businesses to overcome funding scarcity 

(Zhu and Tann, 2007). As result, there was a boom of technology-based firms led by academics, 

such as Tongfang Group of Tsinghua university, Founder Group of Peking University. Lenovo 

Group of Computer Technology Institute of CAS, which have been leading enterprises in China 

(Lyu et al., 2017).   

The management team of ZSP has encouraged the provision of intermediary services in order 

to provide an enabling environment for technology diffusion and knowledge flows in ZSP (Zhu 

and Tann, 2005). Intermediaries within ZSP include productivity promotion centres, 

technology markets, talent development centres, headhunters, industry alliances, industrial 

societies etc. They play an important role in facilitating network relationships, knowledge 

transfer and technology transactions. Location on one of the most populous cities in the world 

enables science park firms to get access to a large customer market (Hu, 2007). Both Beijing 

and Shanghai concentrate a huge pool of educational and research resources (Hu, 2007). 

Shanghai’s technological development is facilitated by the metropolis’ role as the economic 

centre of China. Zhangjiang Science Park (ZJSP) in Pudong New District is known as 

“Medicine Valley” in China (Kroll et al., 2008). It has become a hub for multinational 

enterprises in pharmaceutical and biotechnology sectors (Wu, 2007). In 1999, Shanghai 

Government developed “Focusing on Zhangjiang” strategy which leading industrial sectors of 

the park. In order to stimulate the growth of ZJSP, it adopted a range of policies with regard to 

land development, provision of financial resources and human resources, attraction of foreign 

investment, etc (Kroll et al., 2008). Top universities such as Fudan University and Shanghai 
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Jiaotong University, as well as research institutes such as National Centre for Drug Screening, 

National Human Genome Centre in Shanghai provides strong science base for intellectual 

development of ZJSP (Wu, 2007). The availability of a large pool of high-skilled and cheap 

workforce attracts the influx of multinational enterprises. Local government set up financial 

institutions that support the survival and growth of start-ups in ZJSP. ZJSP rests heavily on 

state-run investors such as Shanghai Venture Capital and Shanghai Commission of Science and 

Technology (Su and Hung, 2009). ZJHP has created professional service platforms that support 

innovative activities of hosted firms (Wu, 2007). The platforms promote technology transfer 

between academia and business sector, integrate information and equipment from various 

sources, and provide technical consultancy services that support drug screening, clinical trial 

and market launch.  

2.2.4 Empirical studies of science parks 

Against the theoretical propositions linked to the STPs’ operation and the objectives stated by 

policy makers and Park promoters, a constantly increasing empirical body of literature has 

attempted to test some of the assumptions of the STP model and assess the Parks’ actual added 

value. Firm-level studies (micro level) examine the added-value derived from operating in a 

Park (Lindelof and Lofsten, 2003; Ferguson and Olofsson, 2004; Lamperati, et al., 2015; 

Liberati et al., 2016). Studies focusing on science parks (meso level) examine their viability 

and growth and whether they have achieved the objectives set by the promoters (Lin and Zeng, 

2009; Zeng et al., 2010; Nahavandi et al., 2012). Regional level (macro) assessments focus on 

the broader impact on the region (Keeble, 1989; Goldstein and Luger, 1990; Park, 2002; 

Landoni et al., 2010). In relation to their location, studies following the advancement of science 

parks in developed countries and advanced economies (primarily the United States and Western 

Europe) represent the majority, although increasingly there is work on less developed countries 

and regions. The body of literature on science parks is reviewed here, focusing on the science 
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parks’ proposed functions and regional development role. The objective is to shed light on the 

actual results of the science park model, to identify points of criticism of the science park model 

and to discuss methodological issues related to the analysis and evaluation of science parks.  

2.2.4.1 Assessment framework of science parks’ overall performance 

Many of science park studies contribute to developing an overall framework for performance 

evaluation of science parks. Single science park case studies combining qualitative and 

quantitative data, comparative analyses of two or more science parks with different Park 

structures and cross-section analyses from a large population of science parks based on broadly 

available data or surveys have been used by researchers. Assessing performance of science 

parks is of vital importance for stakeholders involved in science park activities. Firstly, the 

formation and development of science parks are usually supported by public sector bodies, 

such as central government, local government, regional development agencies etc. The study 

of Monck and Peters (2009) indicates that the public sector expects specific goals to be 

achieved and satisfactory outcomes to be derived from their expenditures. Being able to track 

the evidence of the efficiency and effectiveness of their spending is important. The evidence 

not only helps public bodies in decision-making of funding and resource allocation, but also 

motivates them to continuously support the growth and development of science parks.  

Secondly, performance measurement is also important for the science park side. The 

competition for funding and incentives from public sector is fierce. Demonstrating positive 

feedback stemming from public expenditure facilitates science parks to obtain more support 

from public agencies (Monck and Peters, 2009). Science park managers can decide which 

aspects to develop and the shortcomings to modify. This process helps them identify the key 

factors affecting the effects of their parks on tenants, which in turn improves competitiveness 

of the parks. Berbegal-Mirabent et al. (2019) examine the relationship between mission 
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statement of science parks and their performance. Thirdly, as for entrepreneurs, performance 

assessment allows them to compare science parks and select the best performers (Ferrara et al., 

2016). These data provide information for potential entrepreneurs about which science parks 

can better support start-ups. These are the reasons for an increasing demand for performance 

assessment methods based on robust and sound theoretical framework.  

However, because of the complex set of activities science parks are typically engaged in, it is 

complex to evaluate their performances. As a matter of fact, the mission statements of science 

parks are usually all-embracing and generic (Bigliardi et al., 2006). A variety of actors, ranging 

from universities and research institutes to high-tech enterprises, banks, venture capital firms, 

government etc., are involved in these ecosystems with different expectations (Ribeiro et al., 

2016). There is no consensus on which set of indicators are supposed to be employed for 

assessing and comparing different parks systematically. It is a difficult task to create a specific 

tool which is able to capture various dimensions of performance of science parks. In order to 

assess the success or failure of science parks, a numerous set of metrics would be measured 

and a number of different stakeholders would be surveyed (Ferrara et al., 2016).    

On the other hand, the issue of aggregating multidimensional performances in simple indexes 

also emerges as a result of the complex nature of science parks. The availability of relevant 

data is often limited. Besides, Ferrara et al. (2016) point out that it is hard for different 

stakeholders reach an agreement on the weight assigned to each attribute. People with different 

background have heterogeneous preferences. Furthermore, a simple sum of relative weight of 

each metric is not sufficient for performance evaluation of science parks as interactions 

between different attributes are not taken into account. Groups of metrics can count more or 

less than a simple weighted sum. Thus, there is no widely accepted and sufficiently tested 

methodological approach to assessing overall performance of science parks. Developing an 
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effective performance evaluation system of science parks is still an open issue for academics, 

parks’ managers and policy makers.  

There are several studies providing subjective conceptual models for evaluating science park. 

Koh et al. (2005) propose an analytical framework for examining how science parks operate 

and evolves over time. The performance of a science park could be evaluated in terms of three 

aspects,  First of all, they identify the main growth mechanisms, which are agglomeration 

effects, creation of new firms and infrastructure provision by government. Secondly, the level 

of technological capabilities within a science park is also one of the success criteria of a science 

park. The third aspect of the framework is the role of the science park in national and global 

economies. This study presents the theoretical basis of tracing the evolutionary path of science 

parks. However, it is totally subjective without justified numerical results. Bigliardi et al. (2006) 

design a theory-grounded framework for performance measurement of science parks based on 

real mission, life-cycle stage of science parks, stakeholders’ interests, local economic 

conditions, legal forms, and technological-scientific competence base within the university 

which interacts with the science park. This study is also subjective lacking objectively 

quantitative assessment. Dabrowska (2011) present a performance measurement system for 

evaluating the success of science parks. A matrix of performance indicators have been proposed, 

consisting of four dimensions: commercial, stakeholder perspective, brand and reputation, and 

internal business processes. The author does not take into account how to aggregate the values 

of each indicators for overall evaluation.   

Some authors strive to develop an evaluation tool that allows for the evaluation of science parks 

with complex and heterogeneous sets of indicators. Nahavandi et al. (2012) design a Fuzzy 

Expert System for evaluation of science parks, which enables the comparison between high 

number of science parks with numerous indicators. The evaluation approach proposed by 
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Ferrara et al. (2016) sorts out the issue of disagreement among different stakeholders on the 

relative importance of each attribute. allows diverse stakeholders to choose the best performers 

in the light of their own preferences. The set of weights assigned to each dimension depends 

on nothing else than individual preferences. The paper of Zeng et al. (2010) provides a system 

model measuring innovation capabilities of science parks based on a case study of Qingdao 

Science Park. They apply factor analysis to dealing with the problems with multiple-variable 

data. The model they propose for evaluating the science park innovation system comprises 

three components, including Innovation Organisation Sub-System (i.e. innovation firms and 

research institutions), Innovation Support Sub-System (i.e. innovation infrastructure and 

technology intermediaries), and Innovation Environmental Sub-System (i.e. policies and 

regulations, cultural environment, financial environment). Corrocher et al. (2019) find that 

innovation intensity of science park is dependent on the  

Science parks and industry clusters share similar objectives and functions to stimulate 

innovation and entrepreneurship (Sadeghi and Sadabadi, 2015). Considering the similarities in 

their goals and missions, some studies combine these two topics together. Porter (1998) 

discovered that clusters could enhance competitive advantage of enterprises through clusters 

of productivity, clusters of innovation, and clusters of new business formation. Porter (2000) 

further identified four critical drivers of competitive advantage of clusters, i.e. factor conditions, 

demand conditions, related and supporting industries, and competitive context. Factor 

conditions refers to the availability of high-quality and specialised innovation inputs, such as 

well-developed infrastructure, a pool of scientists and engineers etc. Demand conditions is the 

nature of domestic demand for cluster producers and services. Demanding home customers 

stimulate firms to pursue innovation. The third driver is the presence of capable local suppliers 

and competitive and related industries, which generates positive externalities. The final driver 

refers to the intensity of local competitive context.  
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Several studies apply Potter’s model to exploring the sources of competitive advantage enjoyed 

by science parks. Lai and Shyu (2005) base their study on Porter’s (2000) model, providing a 

comparison of innovation capacity of Shanghai Zhangjiang High-tech Park and Taiwan 

Hsinchu Science Park. Their results indicate that Zhangjiang is weakest in “related and 

supporting industries” while Hsinchu is weakest in “factor conditions”. Porter’s (2000) model 

is also employed by Zhao et al. (2009) as a framework to evaluate the competitiveness of Dalian 

Software Park. Their study reveals that the competitive advantage of Dalian Software Park 

comes from supportive government policies, close network among firms, integrating into 

international value chain of activities etc. On the basis of Porter’s (2000) four-dimensional 

model of clusters, Lin and Tzeng (2009) come up with a value-created system of science park 

composed of four aspects (i.e. human resource, technological resource, investment 

environment, and market development). These factors affect the enterprises’ decisions about 

choosing suitable places for production, R&D and marketing. They believe that industry 

clusters or science parks can grow sustainably.   

2.2.4.2 The impacts of science parks on tenants’ performance 

Science parks are increasingly regarded as mechanisms for driving the promotion of new 

technology-based firms and growth of affiliated businesses. In spite of the wide spread 

worldwide, the effectiveness of science parks as a means of promoting enhancement of 

technology and innovation development are still open issues. Despite growing interest in 

science park phenomenon in recent years, the evidence regarding whether on-park location is 

successful in sustaining tenants’ performance is mixed and the role of science parks on tenants 

remains doubtful. A wide range of literature examine location by comparing on-park and off-

park companies (Lamperti et al., 2015; Liberati et al., 2016). The effectiveness of science parks 

in creating value for their affiliated firms remain unclear.  
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Impacts on innovative performance of tenants 

Some studies have found out positive impacts of science parks on tenants’ innovation 

performance. Based on a survey of Italian science parks, Corrocher et al. (2019) provide 

evidence that science parks are effective in improving tenants’ innovation performance. on-

park firms show stronger innovation performance than off-park firms. Squiciarini (2008) 

focuses on Finnish science parks and explores the role of science parks in improving 

innovativeness and competitiveness of tenant firms. On-park location is positively associated 

with affiliated firms’ innovativeness.  Yang et al. (2009) compare the innovative performance 

of NTBFs located inside and outside Taiwan Hsinchu Science Park. This study finds positive 

relationships between on-park location and firms’ innovation, Firms located on parks display 

substantially higher innovative productivity than their off-park counterparts, arising from the 

fact that the positive network effects provided by science parks. Lamperti et al. (2015) explore 

the effectiveness of science parks through analysis of the differences between performances of 

located within a park and a carefully constructed control group of off-park companies. The 

study investigates the location effects on associated firms’ performance in terms of 

innovativeness, expenditures on R&D activities and sales growth. The results demonstrate 

much higher level of tenants’ patent applications and R&D investments than that of comparable 

off-park companies. That is to say, science parks have significant and positive impacts on 

hosted firms with respect to both innovativeness and research-related expenditures. Colombo 

and Delmastro (2002) explore the effectiveness of incubators located within Italian science 

parks through comparing NTBFs incubated on a science park and their off-incubator 

counterparts. This research contributes to literature by taking into account a more 

comprehensive set of indicators, including the characteristics of firm founders, the growth and 

innovative performance of firms, their collaboration with universities and and other businesses, 

and access to public funding. The findings of this study supports the positive impacts of on-
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park location on firms. Firstly, the results confirm the success of Italian science parks in 

attracting high quality entrepreneurs. Incubated firms’ founders with PhD or Masters degree 

account for higher proportion than off-incubator counterparts. Secondly, firms located on 

incubators enjoy better performance with respect to adoption of new knowledge and technology, 

likelihood of collaboration with firms and universities, access to public subsidies, tendency to 

take part in international R&D projects etc.  

However, some authors fail to provide evidence that the location on science parks has positive 

impacts on innovative performance of hosted firms. The findings of Lindelof and Lofsten (2003) 

do not find significant differences between NTBFs on parks and NTBFs off parks in terms of 

innovative performance. This study reveals that NTBFs on science parks seem to be not capable 

to transform resource investments into greater innovative outputs such as patents compared 

with NTBFs not located on a science park. The results regarding impacts on innovative outputs 

is also supported by the research of Westhead (1997). The author did not observe positive 

relationships between science park location and innovative performance of tenant firms as well. 

The results reveal no significant differences between on-park and off-park firms with regard to 

R&D expenditure, R&D intensity (i.e. the ratio of R&D investment to sales revenue), as well 

as R&D outputs including patents, copyrights, and ability to launch new products or services. 

Liberati et al. (2016) investigate the impacts of park location on their hosted firms based on a 

survey of Italian science parks conducted by the Bank of Italy in 2012. This study contributes 

to science park literature by measuring whether science parks have been effective in sustaining 

tenants’ various aspects of performance. Annual sales and operative value added are used for 

measuring production performance; return on assets and gross operative margin over total 

assets are considered as profitability indicators; the ratio between investment and total sales is 

exploited as the indicator for investment propensity; and innovation capacity is measured by 

number of patents and the ratio between intangible investment and total assets. The authors 
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find that science parks have positive effects on sales and added value. Absent evidence is shown 

with respect to effects on profitability and innovative capacity.  

Impacts on growth performance of tenants 

New technology-based firms (NTBFs) play a key role in enhancing entrepreneurship, 

accelerating technology diffusion and promoting growth of national and regional economy 

(Siegel et al., 2003; Lindelof and Lofsten, 2003)). Lofsten and Lindelof have published a series 

of studies regarding how Swedish science parks influence performance of on-park NTBFs 

(Lofsten and Lindelof, 2002; Lindelof and Lofsten, 2002; Lindelof and Lofsten, 2003). Their 

studies focus on assessing the effects of on-park location by comparing performance of on-

park NTBFs with off-park counterparts. With respect to growth in sales and employment, the 

performance of on-park firms is substantially higher than comparable off-park firms. Hasan et 

al. (2018) put an emphasis on small- and medium-sized enterprises (SMEs). The study provides 

evidence that science parks can effectively support development of SMEs located on parks. It 

confirms that SMEs in science parks of Taiwan generate higher productivity in comparison to 

SMEs located elsewhere. Ferguson and Olofsson (2004) observe higher level of survival rates 

and more image benefits enjoyed by on-park NTBFs than off-park ones.  

However, some authors report opposite effect of science parks. Lofsten and Lindelof (2002) 

have found no evidence that location on a park has direct impacts on tenants’ profitability. The 

study of Ferguson and Olofsson (2004) do not find significant difference between NTBFs 

located inside and outside Swedish science parks in terms of growth in sales and employment. 

Lamperati et al. (2015) find absent association between on-park location and firms’ growth 

performance. Results about firms’ growth in sales appear not to be affected neither directly or 

indirectly by location within science parks. In short, this study indicates that science parks play 

a seedbed role of innovation rather than enclaves. Besides, the study contributes to the literature 
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by identifying the main drivers of the location effects. Among diverse park features, the 

presence of research centres turns out to be the main driver for sustaining innovativeness of 

hosted firms.  

The study of Arauzo-Carod et al. (2018) differs from prior studies by identifying heterogeneous 

effects of science parks on firms’ performance. They find that the location inside science parks 

has dual effects on tenants’ performance in terms of sales and employment . The extent to 

tenant firms benefit from belonging to a science park is not the same. Park location is positively 

associated with performance of high-growth tenants while it is negatively associated with that 

of low-growth tenants.  

Impact of parks’ characteristics on tenants’ performance 

Most studies focus on homogeneous effects of science park location, however, heterogeneity 

of science parks has been ignored for a long time. A series of studies examine how park 

characteristics, such as park size, park age, ownership, influence affiliated firms’ performance. 

Liberati et al. (2016) fills in gap by taking different impacts of different types of Italian science 

parks into account. It can be seen from their study that older science parks have much stronger 

impacts on performance of hosted firms than young parks. As for park ownership, the evidence 

shows that public parks have positive effects on production performance of tenants while non-

public ones positively influence firms’ propensity to invest. With respect to industry 

specialisation, non-specialised parks (i.e. those who host companies in various sectors) play an 

effective role in growth of tenants’ sales while specialised parks affect positively investment 

of tenants. Liberati et al. (2018) analyse the heterogeneous effects of science parks as policy 

instruments for supporting firms’ innovation. They relate heterogeneous effects to several park 

characteristics including park size, park age, park location and service provision by 

management team. First, the empirical results show that park size has positive effects on 
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innovation performance of tenants, which is measured by sales from new products. Second, 

very new or longer established parks are more beneficial for innovation of tenants. Third, firms 

located in less technologically developed areas benefit more from on-park location. However, 

Gwebu et al. (2018) argue that park size is not a significant contributor to performance of 

tenants’ firms. Their study does not find positive relationship between park size and tenants’ 

performance with regard to sales.  

Several studies explore whether performance of hosted firms is influenced by the nature of 

science parks. Arauzo-Carod et al. (2018) differentiate between science parks and technology 

parks. They compare the effectiveness of science parks with technology parks in fostering the 

development of tenants. The results show that the stronger effects of science parks on firms 

than that of technology parks. Science parks play a more effective role as policy instruments 

for supporting firms. Albahari et al. (2017) investigate how different types of parks influence 

innovative performances of tenants. This study distinguishes four types of parks according to 

the degree of university involvement within parks, ranging from pure science parks, pure 

technology parks, mixed parks to technology parks with university. It has found the 

relationships between the level of university involvement and firms’ innovation outcomes. that 

firms located on pure science parks perform best for patents and worst for product innovations, 

while firms of pure technology parks have the best performance for sales of new products and 

lowest patenting levels. The authors explain the result by the existence of different types of 

knowledge in different types of parks.  

Impact of firms’ characteristics on tenants’ performance 

In recent years, there has been growing interest in assessing how firm characteristics affect the 

performances of firms located in science parks (Huang et al., 2012; Diez-Vial and Fernandez-

Olmos, 2016; Liberati et al., 2016). Heterogeneity of park tenants have been considered widely 
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among recent literature about evaluating the impacts of science parks on firm performance. 

On-park location effects are not homogeneous for all tenant firms (Ubeda et al., 2018; Liberati 

et al., 2016). Squiciarini (2009) uncovers the relationship between park characteristics, firm 

features and their innovative output performance. They argue that the success of science parks 

in promoting innovation depends on a combination of characteristics of science parks and 

tenants’ features.  

In terms of firm size, the results of Huang et al. (2012) suggest that firms with smaller size can 

benefit more from locating within parks or clusters. They can better enhance their 

innovativeness through obtaining knowledge and resources from external partnerships in a park 

or cluster. Small firms can enjoy positive innovative performance, while larger firms benefit 

more from location effect in terms of market performance. Besides, Liberati et al. (2016) 

observe that the magnitude of location effects depends on firm characteristics such as age and 

size. Their results confirm that science parks effectively improve sales and investment of 

smaller firms. 

The age of science park firms has heterogeneous effects on their performance. Diez-Vial and 

Fernandez-Olmos (2016) find that firm age has negative impacts on innovative performance of 

tenant firms, which is measured by the percentage of sales from new products. Younger firms 

are liable to develop external networks to compensate for their “liability of newness” while 

established firms are less interested in establishing relationships with other firms or institutions. 

Young companies benefit more from science park network than old companies. As a result, the 

positive effects of science parks on firms reduce as firms age. On the contrary, Gwebu et al. 

(2018) observe the positive relationship between age of tenants firms and their performance 

with regard to sales growth. 

Diez-Vial and Fernandez-Olmos (2015) believe that the performance of on-park firms depends 
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not only on external resources and support provided by parks, but also on their internal capacity 

and strategies. The findings demonstrate that development of formal partnerships with 

universities or research centres has positive influences on product innovation of on-park firms. 

Besides, firms that make more internal R&D efforts show better innovative performance. The 

on-park firms with internal R&D efforts and cooperation with academics or researchers would 

benefit more from the parks. Their have higher capacity to exploit on-park knowledge 

spillovers and incorporate external knowledge into their products, processes or services. The 

study of Ubeda et al. (2018) regards absorptive capacity of tenants as a moderating factor, 

which is measured by R&D expenditure, number of PhDs and expenditure on R&D by public 

finance). The tenants with higher absorptive capacity benefit more from location on science 

park while firms with low absorptive capacity do not enhance their innovation by locating on 

parks. High level of absorptive capacity facilitates tenants to better exploit knowledge 

spillovers and learning opportunities provided by science parks. Based on a survey of Taiwan’s 

manufacturing firms located on science parks or clusters, Huang et al. (2012) explore how 

science park firms’ innovation performance (i.e. patents) is influenced by in-house R&D 

capability. However, their results suggest that firms with inferior in-house R&D capability 

benefit more from location in a park or a cluster. The explanation for this results is that the 

location provides them with complementary assets or resources to improve their innovation.   

Rather than consider science park benefits as constant over time, Diez-Vial and Fernandez-

Olmos (2016) evaluate on-park location effects on hosted firms from a dynamic perspective. 

They argue that the benefits associated with location within science parks depend on the stage 

of industry life cycle. With the maturity of a industry, there is a tendency that the focus of the 

industry evolves from supply of product innovation to improvement of product variety and 

manufacturing process. The findings of the research indicate that as the industry evolves, the 

benefits associated with on-park location tend to diminish gradually. Maturity of industry 
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negatively influence the growth and innovative performance of on-park firms.  

2.2.4.3 The impacts of science parks on networking and technology transfer 

The location within science parks facilitates the development of diverse cooperative 

relationships. Science parks guarantee geographical proximity, which contributes to knowledge 

flows, technology transfer as well as building of mutual trust between tenants within the park 

(Vasquez-Urriago et al., 2016; Torre and Gilly, 2000). The location of a science park provides 

firms geographical proximity to important customers, suppliers, academics and other firms.  

The previous empirical studies reveal different performances of science parks in terms of 

technology transfer. Several empirical studies provide evidence that location in a science park 

fosters linkages and networking for innovation. Fukugawa (2006) investigates whether on-park 

new technology-based firms (NTBFs) have a higher tendency to engage in research 

collaboration with local higher education institutions (HEI). The findings suggest that on-park 

NTBFs to are more likely to establish linkages with university academics and scientists. 

Lofsten and Lindelof (2005) explore the R&D networks created by NTBFs on science parks in 

Sweden. This study identifies the role of science parks in promoting links between on-park 

NTBFs and HEIs. NTBFs located within parks have an interest in collaboration with academic 

institutions. This research makes it clear that science park mechanisms provide a supportive 

environment for the formation and development of R&D network. 

Vasquez-Urriago et al. (2016) investigate the influence of Spanish science parks on cooperation 

for innovation. The findings indicate that the location within a science park enhances the 

likelihood of innovation cooperation between companies and knowledge providers. Their study 

also extends the literature by analysing the intangible benefits of collaboration with the 

innovation partners. Cooperation for innovation improves firms’ ability in terms of strategies 
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making, human resources, information management and relationship management. In addition, 

Phillimore (1999) surveyed interaction and cooperation within Western Australian Technology 

Park (WATP). The results of the research reveal that frequent and significant collaboration not 

only takes place among the firms located within the science park, but also occurs between on-

park firms and Curtin University. Most WATP firms indeed engage in relationships with others 

in close geographical proximity. 

Nevertheless, some studies provide no favourable evidence that science parks promote 

university-industry links and inter-firm links. The work of Massey et al. (1992) was among the 

first who doubted the role of science parks in promoting technology transfer. They believe that 

science parks are not major sources of technology development, and account for very little in 

nurturing and generating productive synergies. Science parks are considered as “high tech 

fantasies”, many of them are found to be primarily a form of prestigious real estate development. 

Kihlgren’s (2003) case study of science parks in St. Peterburg suggests that the transfer of 

technology from academic institutions to tenant firms has been weak within the parks.  

Some research shows that science parks work as a driving force for the formation of informal 

and personal interaction, however, they do not present substantial effects on formal linkages 

and collaboration. Bakouros et al. (2002) contributes to filling in the gap in literature by 

evaluating the performances about university-industry links and inter-firm links of science 

parks in Greece. Their results show that the effects of three Greek science parks on university-

industry linkages are not the same. Informal interaction and personal contacts between 

academics and companies are widespread in all three parks. Formals interaction with local 

university are only developed by companies within one science park (i.e. joint research, 

research contract, consultancy, analysis and testing in university department). The authors do 

not observe much formal interactions in the other two parks. As for interactions between firms 
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located within the parks, commercial transactions and social interaction are the two most 

common categories of inter-firm links. These three science parks all have the issue of scarcity 

of research-based collaborations among on-park firms such as joint research. Vedovello’s 

(1997) study examines the linkages established between university and industry based on a 

case study of Surrey Research Park in the UK. The study categorises university-industry links 

into three main types: formal links, informal links and human resource links. Their findings 

suggest that the science park context promotes the building of informal links and human 

resources links between university and companies. That is to say, geographical proximity 

provided by science park mechanisms facilitates interaction and synergies between the 

innovation partners. However, science parks do not play a significant role in the establishment 

of formal links, which are more related to the development of research. In summary, informal 

relationship and human resource links could be strengthened by science park mechanism while 

formal research collaboration are not enhanced by geographical proximity.  

2.2.4.4 The impacts of science parks on regional development 

Castells and Hall (1994) regard promoting regional development as one of the main motives 

for the creation of science parks. Link and Scott (2007) consider science parks as a catalyst for 

regional economic growth. Successful science parks are effective vehicles for enhancing the 

image of location, creating high-level jobs, attracting high-quality talents, facilitating regional 

technological development, and further realising economic revitalisation of the region 

(Dabrowska, 2011; Lamine et al., 2016). They play a key role in boosting the development of 

knowledge-oriented regional economy. However, compared with a wide range of studies 

examining added-value of science parks to their tenants, relatively fewer studies contributes to 

exploring the impacts of science parks on regional development. There are limited literature 

examining the contribution of science parks to regional economy.  
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Science parks are seen as “the mainstays of high technology industrial development” (Oakey, 

2012). Link and Siegel (2007) highlight the role of science parks in stimulating technology-

based economic development and improvement of the image of location. Science parks support 

the transition of a region towards an innovative entrepreneurial economy with strong 

technology base and high quality talents. Malecki (1991) argue that technology is a key driver 

for growth of regional economy. High-technology enterprises can offer high-level, highly-paid 

jobs for workforce. Moreover, it is believed that science park mechanisms play a connecting 

role in creating networks among universities, research institutions, entrepreneurs, investors, 

regional development agencies, etc (Lamine et al., 2016). Such mechanisms are key to 

improving creativity and fostering an innovative culture at a regional level. The study of 

Landoni et al. (2010) explore whether science parks contribute to regional innovation system 

in terms of both scientific output (i.e. publications, research collaborations) and technological 

output (i.e. patents, EU collaborative research projects). Their findings suggest that the science 

park significantly contributes to local scientific development.  

The last few decades have witnessed the increasing role of science parks as bridging 

mechanisms between innovative entrepreneurship and regional ecosystems (Lamine et al., 

2016). Attraction of R&D businesses or innovative activities to the region is the most 

significant effect of the presence of a science park within the region (Goldstein and Luger, 

1990). A successful science park, with a large pool of high-quality workers or scientists, an 

innovative business culture, knowledge-intensive services etc., is likely to attract more and 

more R&D-oriented firms to agglomerate within the region. The agglomeration effects induce 

continuous growth in R&D sector of the region. Park (2002) conducted research on a science 

park in Sweden. The study indicates that by stimulating technological innovation and R&D 

activities, the science park has been enhancing the knowledge generation capability of the 

surrounding region.  
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Science parks serve as drivers for the enhancement of regional economy in terms of industrial 

revitalisation and employment growth (Abetti, 2004; Aaboen, 2009). In developed economies, 

these science parks are used as mechanisms to accelerate the process of “economic 

restructuring”, which means that “old manufacturing industries give way to high-technology 

and research-oriented businesses” (Goldstein and Luger, 1990). This process is accompanied 

by job creation, employment stability, and changes in wage. Newer industries tend to locate in 

urbanised core regions while traditional manufacturing industries like coal or iron concentrate 

in a few key regions or cities (Castells and Hall, 1994). Some issues emerge with the rapid 

development of urbanised regions, such as environmental pollution, traffic congestion, rising 

housing price, etc. In order to realise the objective of reindustrialisation, the newer industries 

in core regions are encouraged to locate in those periphical regions. Large and established firms 

locate part of their operations as branches in less developed regions to respond to such 

incentives. The settlement of innovative industries can revitalise the declining economy of 

traditional industrial base and diffuse new technology throughout the regions.  

Based on the case of Cambridge region, the study of Keeble (1989) discusses local multiplier 

effects of science parks. Firstly, technology-based companies create external income for the 

local economy. They bring a large amount of revenues into the Cambridge region by selling 

their products and services outside the region. Secondly, the generation of local procurement 

and subcontracting linkages is another source of high local multiplier impacts. The local 

synergies contribute to the emergence and growth of new business services companies. The 

third reason for significant multiplier effects is the above-average level of salary paid to 

technology-based firms’ staff. The injection of high-income, high-tech workforce has 

multiplier impact on all local public and private sectors such as retailing, leisure, construction 

etc.   
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Goldstein and Luger (1990) classify potential effects of science parks on regional economy. 

Primary impacts are those related to economic growth in terms of jobs, productivity, personal 

income etc. Distributional dimensions of primary impacts include industry sector, ownership 

type, workforce segment etc. Secondary impacts stem from primary impacts are associated 

with changes in economic structure. The authors discuss the relationship between the presence 

of a science park and regional economy as well. They come up with three factors that influence 

the magnitude of the effects above (Goldstein and Luger, 1990). First of all, the economic 

structure of the region affect the impacts of science parks. Large metropolitan can provide the 

science park “breath and depth of labour supply, business services, proximity to headquarters 

functions and, proximity to large concentration of manufacturing activity.” Firms can get access 

to depth and breadth of manufacturing sectors and powerful manufacturing base. In large 

metropolitan regions, business expansions and founding of new plant are more likely to occur 

through backward linkages. A relatively underdeveloped region with a university or public 

research institution could also be an ideal location for the park. Due to lack of diversification 

of labour skills, business services and prior concentration of manufacturing, innovation 

activities within those regions may focus on particular areas, depending on strongest areas of 

university departments or in research institutions. Business growth is more likely to be realised 

through forward linkages in those less developed regions. 

Second, park characteristics also have impacts on the regional development outcomes 

(Goldstein and Luger, 1990). The recruiting policy of a science park determines it attracts R&D 

branches of large corporations or small and medium-sized enterprises (SMEs). The authors 

suggest that a larger proportion of SMEs in a park results in a larger number of spin-offs from 

tenants. The networks among tenants also affect entrepreneurship. The weak synergies of the 

science park result in fewer spin-offs. The third factor that affect the regional economy is a 

park’s external network with academics, researchers, entrepreneurs and policy-makers. 
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Academic-industry links would draw to the region new R&D activities and boost growth of 

spin-offs. The innovation diffusion between park firms and firms in the region is of great 

benefit to the latter. Technology transfer from tenants to the region’s existing businesses can 

improve the productivity of the latter. 

2.3 SCIENCE PARK COLLABORATION NETWORK 

Collaboration can be seen as an interactive process that all participating parties are involved in 

that relationship (Wood and Gray, 1991). Collaborative relationships involve joint problem-

solving and decision-making process in which all stakeholders have a commitment (Graham 

and Barter, 1999; Gray, 1989). Considering the acceleration of technological change, firms 

cannot depend exclusively on internal development of knowledge and resources. Access to 

complementary resources is the fundamental basis for collaboration (Austin et al., 2012).  

Science park collaboration network refers to firms’ interactions with different collaborators, 

namely academic institutions, co-located firms, technology intermediaries and financial 

institutions for innovation and growth purposes. Inter-organisational and cross-sector 

collaboration facilitates knowledge flows between different actors of science park ecosystem. 

Science park collaboration network allows firms to obtain quick access to complementary skills, 

knowledge and resources essential to their innovation activities. Collaboration with different 

science park actors improves the process of knowledge creation and dissemination by tenant 

firms, expanding tenants’ knowledge base and in turn enhances innovation capabilities. 

Working together with diverse external actors can lead to knowledge generation, creativity and 

innovation improvement. Gray (1985) regards collaboration as an approach to share resources 

and solve a problem. Sharing of knowledge and resources between different science park firms 

and different parties and science park firms and solve a problem.  

Although collaboration and cooperation are often used as synonyms in previous studies, there 
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is difference between those two concepts. Cooperation simply aims to look for answers while 

collaboration is related to looking for the right people to generate next great ideas (Ashkenas, 

2015). Cooperation is characterized by separated resources and independent value creation by 

various participants while collaboration is pooled and shared resources as well as jointly 

problem-solving and decision-making (Mattessich and Monsey, 1992; Schottle et al., 2014). 

The major goal of science park collaboration network is to foster knowledge sharing, collective 

learning and joint innovation activities. Thus, the term of collaboration is used in this study 

rather than cooperation.  

Close spatial proximity and frequent interactions between science park actors enables faster 

access to relevant knowledge and deeper understanding of new knowledge or technology 

(Schilling and Phelps, 2007). Greater access to external knowledge expands the knowledge 

base of firms, which in turn leads to superior innovativeness. Collaborative network is seen as 

a conduit that channels knowledge flows between network members. Universities is a source 

of specialised talents. They provide access to talented scientists and graduate students who 

conduct fundamental research (Arza, 2010; Bishop et al., 2011). They are important sources of 

new ideas, knowledge and technology (Massey et al., 1992). Co-located firms can share 

complementary resources with focal firms. Science parks attract service providers that provide 

valuable resources including marketing skills or market information, connections to other 

partners, and information about technology developments. The intermediary institutions 

promote the free flow of technology information and market information among network 

members (Lin et al., 2016; Parker and Hine, 2014). They improve the possibility to 

commercialise new technologies successfully. Financial institutions provide access to finance, 

which supports the risky and costly innovation process.  

Collaboration and interaction with different partners is a way to access external knowledge and 
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resources, creating competitive advantages (Segarra-Blasco and Arauzo-Carod, 2008). With 

the increasing complexity of technology and increasing costs of innovation, cooperative 

projects are increasingly popular with innovative firms. Faced with acceleration of 

technological change, more and more businesses seek to acquire external skills, technology, 

equipment, and machinery, to complement in-house R&D programs. Engagement in 

cooperation with external agents is an increasingly important element of innovation strategy of 

firms in China. Companies in high technology industries is faced with serious challenges in 

rapidly changing competition rules, which drives companies to recombine their resources or 

capabilities continuously (Peters et al., 2018). They encounter challenges in their quest of 

survival in these dynamic and unprecedented industries. They confront difficulties in gaining 

access to assets or competencies required for developing innovation. It is a costly, complex and 

time-consuming process to accumulate a variety of technological capabilities. Firms need to 

develop relationships with other firms or institutions to compensate for their weaknesses of 

resources and skills.  

Potential negative effects also exist in knowledge-intensive regions. Increasingly homogenous 

knowledge base challenges innovative capacities of firms in the long run (Grillitsch and 

Nilsson, 2017). Shortage of extra-regional knowledge pipeline in knowledge-dense regions 

enhance the likelihood of lock-in and reduced creativity (Breschi and Lenzi, 2013). Clustering 

of firms may increase the risk of knowledge leakage and labour poaching (Combes & Duranton, 

2006). Knowledge is partly embodied in labour. Labour flows are accompanied by leakage of 

knowledge. Firms can get access to competitors’ knowledge by poaching from its workers. 

Location close to rivals in similar sector involves both the benefits of labour pooling and the 

costs of labour poaching. Negative externalities may deter multinational corporations (MNCs) 

from agglomerating with domestic firms as knowledge outflow is likely to be higher than 

knowledge inflow (Grillitsch and Nilsson, 2017). Knowledge base of MNCs can benefit and 
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upgrade local companies. Labour poaching negatively affects firms with higher level of 

knowledge particularly.  

2.3.1 Government 

The government can play a planner role in the creation and development of science parks (Sun 

et al., 2019). It can act as a facilitator by providing indirect incentives for driving innovation 

and entrepreneurship. It also enricher that promote connections among different stakeholders 

of science park, involving universities, research institutions, technology-based firms, 

intermediary institutions, regional public agencies. The provision of government-led 

infrastructure creates opportunities for knowledge agglomeration and self-renewal through 

continuous creation of start-ups (Phan et al., 2005). The government support is the major 

growth mechanism for innovation ecosystem by encouraging sustained R&D and the formation 

of new businesses.  

Government agencies create science parks for the purpose of the boom of local innovation 

ecosystems (Sun et al., 2019). The local government can support the transition of a region from 

traditional industrial base to innovative entrepreneurial hub (Link and Siegel, 2007). Science 

parks are viewed as a policy initiative for driving regional economic growth. Government 

institutions support and encourage the growth of science parks in order to knowledge and 

innovation base of the local economy (Matt and Wolff, 2004). Science parks can create high-

level job opportunities, attract high-quality talents, improve location image and further 

facilitate regional economic revitalisation (Link and Scott, 2007). 

The government agencies can provide incentives for technology transfer and public subsidies 

for R&D activities (Matt and Wolff, 2004). Most of science parks receive some form of direct 

government subsidies (Goldstein and Luger, 1991). Government intervention exerts substantial 

influences on Silicon Valley. The impacts of R&D investment by the government on innovation 
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and start-ups cannot be underestimated (Bell et al., 2008). Apart from provision of finance, the 

federal government provides necessary infrastructure and remove institutional barriers for 

Silicon Valley. Liberal visa policy of USA leads to the emergence of successful immigrant 

entrepreneurs, such as Elon Musk of Tesla and Sergey Brin of Google. The Bayh-Dole Act of 

1980 intellectual property policy that facilitates technology commercialisation (Hyde, 2017).  

Chinese government has put a lot of efforts to transform from manufacturing-based economy 

to knowledge-intensive economy (Sun et al., 2019). Torch Program is one of the key 

government projects for speeding up technological innovation and entrepreneurship of China. 

A series of science parks have been set up through government planning in order to bridge the 

gap with developed countries in scientific and technological fields. “Thousand Talents Plan” 

and “Chun Hui Program” are initiated to attract overseas Chinese scientists and entrepreneurs 

to return from abroad (Hu, 2007). The government plays a vital and proactive role in fostering 

university-industry linkages to achieve technological upgrading within industrial sector.  

Sun et al. (2019) identify two approaches of government involvement in fostering regional 

innovation ecosystem, including top-down approach and bottom-up approach. In top-down 

approach, the governments directly involve in formation and development of science parks. In 

bottom-up approach, the government fosters innovation ecosystem indirectly through market 

mechanisms. Chinese science parks are government dominated to promote the transition from 

labour-intensive economy to knowledge-intensive economy (Hu, 2007). The Chinese 

government obviously adopts a top-down approach to supporting science parks. It is difficult 

to distinguish different levels of strength with regard to network with the government. 

Therefore, the role of government in fostering innovation and business growth has not been 

taken into account in this research.   

 



58 

 

2.3.2 Academic institutions  

Science parks are established mainly for encouraging technology transfer from academic 

organisations to industrial ones. Nowadays, universities have gone beyond their traditional 

roles in terms of education and research. The role of universities has evolved from ivory towers 

to the vehicle for driving economic development (D’Este and Perkmann, 2011). They present 

an orientation towards undertaking a “third mission”, which is to pursue connection with 

industrial environment and generation of knowledge directly related to economic growth 

(Etzkowitz and Leydesdorff, 2000; Segarra-Blasco and Arauzo-Carod, 2008; De Fuentes and 

Dutrenit, 2012). The role of universities have evolved from focusing on basic research solely 

to finding solutions to practical problems. A series of studies discuss the important role of 

universities and research institutions in fostering economic benefits for firms. There is an 

increasing tendency of university academics’ engagement with industry to commercialise their 

scientific discoveries. The differences between the scientific and commercial community are 

becoming ambiguous. Policy-makers in China have put lots of effort in facilitating partnerships 

between universities and innovative firms. The benefits generated by interaction are different 

for academics and firms (Arza, 2010). From the perspective of academics, they can obtain 

funding for their research though collaboration with industry. For another, interaction with 

industry enables testing the practical application of academic research and may inspire new 

ideas or perspectives for their academic research.  As this research explores the impacts of 

collaboration on firms, the emphasis is put on the perceived benefits for firms. 

Science parks provide a framework for knowledge exchange and collective learning between 

firms and local organisations or institutions (Love and Roper, 2001). Science parks provide a 

platform for generation and dissemination of knowledge between businesses and academic 

institutions.  The establishment of start-ups by universities is considered as a key driver for 

regional economic development (Petruzelli, 2011). They serves as important mechanisms for 
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facilitating transfer of knowledge and technology from universities or public research 

institutions to industrial corporations.  Science parks boost business sector’s propensity to 

develop collaborative arrangements with universities. There is no doubt that universities are 

key sources of new scientific and technological knowledge. Their capability with regard to 

integration and combination of knowledge from multiple technological domains make them 

ideal partners for businesses that aim to realise sustainable competitive advantages in the 

markets (Petruzelli, 2011). Considering the increasing role of innovation in driving economic 

development, researchers show a growing interest in building a clear picture of technology 

transfer and R&D collaboration between industry and academia. Many empirical studies reveal 

that short geographical distances favour linkages and interactions between academic 

environment and industrial one (Antonelli, 2000). They provide evidence that firms benefit 

from geographical proximity to academic organsiations. Spatial closeness promotes higher 

rates of innovation (Jaffe et al., 1993). Close physical proximity fosters knowledge flows from 

public science to industry, especially tacit knowledge. 

A considerable body of studies contribute to classify the channels by which interaction with 

universities occur. They identify different categories of linkages between academics and 

businesses in terms of either degree of formality or degree of interaction (Schartinger eta l., 

2002; D’Este and Patel, 2007; Bekkers and Bodas-Freitas, 2009; Wright et al., 2008; Perkmann 

and Welsh, 2009). Contract research involves the transfer of specified formal knowledge 

(Wright et al., 2008). The knowledge or skills acquired through contract research can not only 

create increase in profits, but also improve the firm’s absorptive capacity of relevant R&D 

knowledge. Consultancy is related to the engagement of academics in the consulting process 

with the objective of problem-solving. Licensing is associated with little transfer of tacit 

knowledge. Mobility of graduates and researchers is another mode of linkages that is largely 

associated with the transmission of tacit knowledge.  It involves little codified knowledge as 
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the skills, knowledge and experience are within the mind of graduates or researchers.  

Many studies assert that contract research, joint research and consulting, which involves a 

higher level of interaction, leading to more fruitful results than licensing and patenting 

(Perkmann and Walsh, 2009; Cohen et al., 2002). Close linkages foster interactive learning 

across organisational boundaries. Face-to-face interactions in interorganisational contexts 

facilitates the transfer of tacit knowledge. Academics can provide direct support with problem 

solving, idea generation and technology development. Not limited to offering basic ideas, 

university scientists can provide direct support with regard to assessing feasibility of projects, 

translating theories from academic publications. Different modes of interaction allows for the 

exchange of different types of knowledge. Firm managers can make a choice regarding types 

of interaction channels based on the stages of R&D. Joint R&D and consulting are more 

appropriate for the projects related to applied research, whereas conferences are good choices 

for projects focusing on basic research. Arza (2010) assert that consultancy, joint R&D and 

contract research, that involve a high level of interaction, are the most effective channels of 

facilitating industries’ technological upgrading. Bi-directional learning channels promotes the 

transfer of tacit knowledge.  

Knowledge provider 

Access to highly skilled scientists and researchers as well as the latest scientific and 

technological knowledge are major benefits derived from collaboration with academia (Arza, 

2010).  In terms of R&D benefits flowing from academic institutions to firms, industrial 

organisations can have a fundamental understanding of state-of-the-art scientific research 

(Bishop et al., 2011).  They have the opportunities to learn about foundations of specific 

phenomena and to identify sources of new ideas for R&D activities. One mission of universities 

is to produce highly skilled and highly qualified human resources. Thus, another strength of 
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research linkages is the provision of skilled graduates by universities. They have a knowledge 

of new research and discoveries and the capacity to conduct research, generate innovative ideas 

and deal with complex issues. Firms can gain access to star scientists and the latest scientific 

research (Soh and Subramanian, 2014). They can exploit novel discoveries and knowledge 

generated by the latest scientific research. Integration of scientific knowledge of academic 

community into their internal knowledge base can lead to creation of new knowledge and 

technologies. Universities provide an environment for stimulating the exploration of unknown 

territory. Although scientific research is not generally carried out for achieving commercial 

goals, it enlarges firms’ knowledge base. 

Interaction with universities or research institutions is of importance for firms to gain insights 

into the latest progress in their ongoing research, have a good understanding of scientific and 

technological knowledge, and obtain assistance provided by high-qualified researchers (Bishop 

et al., 2011). Contacts with academic community is of value to learn about technological 

advance and scientific discoveries in relevant fields. Access to professionally trained people 

undertake basic R&D projects. In many industrial sectors, there is a tendency towards 

scientification of technological development, which is an impetus to cooperating with scientific 

community (Arza, 2010). In order to keep up with the fast-growing global knowledge industry, 

more and more firms in emerging markets seek linkages with public research sector for 

innovation. Linkages with reputable universities or research institutions can improve a firm’s 

legitimacy among its stakeholders (George et al., 2002). Linkages with reputable organisations 

give companies possibility to gain access to various resources at lower costs. Firms achieve 

reduction in overall costs and increase in financial performance. Firms’ scarcity of internal 

knowledge and resources is offsetted by R&D collaboration. Links with universities or research 

institutes enables knowledge flow and technology transfer, which boosts creativity and 

innovation (George et al., 2002).  
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Technology development 

The increasing importance of scientific knowledge in many production activities motivate 

industrial organisations to interact with academic ones (Lee, 2000). Research collaboration is 

seen as a key element of businesses’ innovation strategy. For one thing, university collaboration 

contributes to technological upgrading of firms. The acceleration of technological change 

demands a combination of technologies that is difficult for firms to develop on their own. 

University-industry linkages promotes knowledge exchange between academic scientists and 

commercial firms, which may lead to increased firm performance (Bishop et al., 2011). Some 

studies provide evidence that collaboration between academia and industry have positively 

influence firms’ performance (George et al., 2002; Laursen and Salter, 2004). University 

scientists contribute to technology development of their business partners by engaging in their 

projects coped with products or process technology (Perkmann and Walsh, 2009). Moreover, 

scientists can assist firms with idea testing. New ideas emerge within firms are “high risk 

concepts with commercial potential if successfully translated into a concrete concept, prototype, 

or technology.” Academics have the specialist knowledge to explore the innovative ideas and 

conduct a feasibility test. 

Firms benefit from research partnerships with regard to product development and process 

improvement (Bishop et al., 2011). Researchers can provide assistance with developing 

innovative products or processes as well as achieving cost reduction and quality improvement 

of existing products or processes. Network with knowledge providers is an important strategic 

asset of producing innovative ideas, products and processes (Peters et al., 1998). Arza (2010) 

also agree that research linkages facilitates the firms’ product development and process 

innovation. According to Soh and Subramanian (2014), research partnerships with academia 

allows for transformation of scientific discoveries into commercial innovations. Innovative 
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firms seek to achieve commercial exploitation of cutting-edge scientific research from 

academic organisations. Collaborative relationships enable firms to get access to state-of-the-

art knowledge, technology, facilities and equipment. Soh and Subramanian (2014) present the 

results that collaborations with universities is positively and significantly related to firms’ 

innovation performance. They find that technological recombination focus reinforces the 

positive association between collaboration with universities and innovation performance while 

scientific research focus diminishes the association. Academic-industry collaboration provide 

opportunities for firms to transform scientific knowledge into commercial applications.  

Collaborative arrangements with academic community give companies the opportunities to 

explore new avenues of innovation (George et al., 2002). They can engage in learning process 

that improves their ability to master new technology. They can gain a deeper understanding of 

how to integrate the required technologies and incorporate new information into existing 

knowledge. Public-private relationships speed up product development cycle of a company. 

Firms gain access to complementary skills and assets, augmenting their R&D capabilities. 

Technology development requires multifaceted and heterogeneous knowledge bases, which are 

not under control of one organisation. By developing close linkages with academics, firms can 

benefit from the research about emerging technology. Academic institutions employ such 

linkages to test theories in a practical context, and to acquire opportunities to train and place 

their students. Hence, public-private cooperation is a “win-win” strategy, where both 

businesses and academics can benefit from such relationship. Public-private linkages expose 

firms to different administrative systems and diverse approaches to developing new 

technologies. Access to valuable resources of academic community lowers a firm’s 

expenditures (George et al., 2002). The sharing of equipment or facilities needed in R&D 

activities leads to reduction in operating costs. Firms can exploit knowledge and technology 

obtained from academics to develop innovative products, leading to a firm’s good reputation, 
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expansion of market share and business growth. 

There is an extensive body of literature highlighting the vital role of universities in the 

knowledge-based economy. The findings of Eom and Lee (2010) reveal that cooperation with 

government research institutes has positive impacts on patent performance of innovative firms 

but has no such impact on sales. Technological turbulence and intense global competition 

increasingly the significant role of university as a source of novel knowledge. In addition to 

education and research, the third mission of universities has been stressed, which is aiding in 

economic development. Guan et al. (2007) present the results that academic-industry 

collaboration has positive impacts on novelty of industrial innovation. However, the impact is 

weaker with regard to financial performance such as profit ratios and sales. 

Empirical evidence reveals that academic-industry collaboration is positively related to firms’ 

innovation success (Lee, 2000; George et al., 2002; Knudsen, 2007; Un and Asakawa, 2014). 

Partnerships with scientific community allows for integration and recombination of firms’ 

competencies or capabilities, which lead to generation of new products, processes or systems 

(George et al., 2002). Continuous innovation is of critical importance for knowledge-based 

firms to maintain and strengthens their competitive position. Firms proximate to a university 

has a higher likelihood of producing innovation. The transfer of knowledge from academic 

community to business community is realised through knowledge spillover from academic 

research or through formal interactions such as joint R&D and contract research (D’Este and 

Patel, 2007). Although long duration of basic and fundamental research carried out by 

universities and PRIs reduces the livelihood of earning immediate economic returns (Knudsen, 

2007). However, firms can obtain insights into scientific research and new ideas and knowledge 

acquired from universities and PRIs open up new opportunities for innovation. Maintaining 

close ties with universities leads to accumulation of knowledge stock, which contributes to 
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innovation in a long term. Collaborative projects with universities produce long-term benefits, 

such as enlarging general knowledge base and reinforcing their radical innovation capabilities 

(D’Este and Patel, 2007). Un and Asakawa (2014) have found positive and significant impacts 

of collaboration with universities on process innovation. Firms primarily cooperate with 

universities in performing basic research related to a particular technology. They can gain 

insights into process improvement and obtain knowledge, skills or methods to achieve cost 

efficiency. Bishop et al. (2011) argue that collaboration contributes to improvement of firms’ 

absorptive capacity. It enhances firms’ ability to identify information relevant to their R&D 

activities as well as the ability to transform scientific knowledge into applications. 

Specialist problem-solving  

Researchers can help with problem-solving, quality control, and project management (Arza, 

2010). Bishop et al. (2011) emphases on the importance of close contacts with academic 

community. Involvement of university scientists in R&D projects improve the businesses’ 

capability to interpret, transmit and exploit the knowledge acquired. They can provide direct 

advice in problem-solving, which is a major contribution of academic partners to industrial 

R&D activities. They can help with assessment of project feasibility, finding solutions to 

specific technical problems, proposing ideas for product or process innovation, and improving 

awareness of opportunities and challenges associated with technological development. 

Conferences, workshops, and formal partnerships such as collaborative R&D and contract 

research are appropriate ways to promote close and personal interaction with university 

academics.  

They absorb external knowledge in order to tackle technological bottlenecks or create 

knowledge for production activities (Lee, 2000). Academics play a supportive role in problem 

solving (Perkmann and Walsh, 2009). Firms consult academic scientists when they encounter 
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problems in their design, R&D, or production activities. They can exploit expertise of 

academics to get the problems solved. Innovation involves integrate existing knowledge in new 

ways and create novel knowledge, which is a highly demanding problem-solving process 

(Bodas Freitas et al., 2013). Collaboration with academic community helps firms improve the 

solutions or develop new ways to create innovations. Firms aim to broaden their knowledge 

base and gain scientific support for innovation projects. Academics can provide support in 

terms of advising on project feasibility, positioning specialist knowledge and translating 

scientific knowledge into easy-to-understand language (Perkmann and Walsh, 2009). 

Challenges in academic-industry collaboration 

There are some studies exploring the challenges related to the relationships between academia 

and industry (Bruneel et a., 2010; Muscio and Vallanti, 2014; Al-Tabbaa and Ankrah, 2016). 

Different orientations of academics and practitioners is a major barrier to developing effective 

relationships. It is difficult to achieve alignment of research objectives between public research 

sector and industrial sector (Muscio and Vallanti, 2014). There is distance between academic 

research and market demands. Academic research might be of limited interest to businesses 

due to its low applicability. The university system is associated with Mertonian norms of 

science, which advocates the values of universalism, disinterestedness and communalism 

(Bruneel et al., 2010; Merton, 1973). It is likely that conflicts arise from different attitudes 

towards research topics and research disclosure. Public research sector has their own 

competitive mechanism which is separate from market transactions. Academics prefer to 

publicly disclose the results of their research in order to improve reputation through 

publications. They pursue an open approach to the dissemination of knowledge and information 

(Al-Tabbaa and Ankrah, 2016). On the contrary, business sector adopts a closed approach to 

knowledge creation. Businesses do not wish their knowledge or resources to be available to 
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their rivals to create competitive advantage. Moreover, academic-industry collaboration can be 

hampered by transaction-related barriers as well, which refer to conflicts over intellectual 

property rights (Bruneel et al., 2010). Al-Tabbaa and Ankrah (2016) pointed out opportunism 

is also a challenge of interaction between academia and industry. Some partners pursue their 

individual interests, which affects the effectiveness of networking relationships.  

2.3.3 Co-located firms 

It is increasingly difficult for firms to compete alone due to dispersion of technological 

competencies and speeding up of technology change (Goes and Park, 1997). Increasing 

knowledge intensity and growing uncertainty in technical business environment makes it 

increasingly difficult for independent firms to maintain a competitive advantage. Since an 

independent firm are unable to generate all essential resources for innovation, they need to 

develop linkages with other firms to acquire required technology. Inter-firm linkages allow for 

resource sharing, knowledge exchange and technology transfer. Lin and Lin (2016)’s study 

shows that long-term network relationships have positive impacts on firm performance. In the 

rapidly changing environment, it is vital for firms to develop and maintain relationships with 

partners to survive and grow (Lin and Lin, 2016). Network relationship is regarded as a crucial 

variable that enhances firm performance. It is a source of competitive advantage. More and 

more companies are aware of benefits associated with engagement in external knowledge 

network, including cost saving, knowledge sharing and technology transfer (Barnir and Smith, 

2002). Firms can compensate for resource scarcity, reduce risk and transaction costs through 

partnership with external organisations (Lin and Lin, 2016). Given that firms can share risk and 

overcome weaknesses in resources, network relationships help firms reduce transaction costs 

and speed up innovation process (Xie and Gao, 2018). Some studies have found support for 

the positive relationship between inter-firm linkages and innovation performance of firms 

(Goes and Park, 1997; Tomlinson, 2010; Najafi-Tavani et al., 2018).  
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Knowledge and resource sharing 

Inter-organisational network is a facilitator of technology flow and knowledge sharing between 

member organisations (Huggins et al., 2012). Network provides firms with access to 

complementary skills, knowledge and technology (Lin and Lin, 2016). Such relationships 

contribute to the success of firms by offsetting firms’ resource deficiencies in capital, 

information, knowledge, skills, facilities and equipment. Knowledge sharing is facilitated 

through collaborative network. Combined knowledge and skills could be generated in the 

process of knowledge sharing with business partners. Research shows that knowledge sharing 

through network relationship has positive impacts on firm performance. Inter-firm network is 

complementary to a company’s internal capabilities (Tomlinson, 2010). Network enables the 

sharing and coordination of knowledge and resources possessed by partners within network. 

Resource sharing and knowledge exchange provide opportunities for them to overcome their 

initial weaknesses. 

Development of new products requires the combination of a diversity of specialised techniques 

and skills (Calia et al., 2007). Inter-firm network involves the integration of multiple 

knowledge bases to create new knowledge and develop new products. Synthesis of knowledge 

domains through cooperative agreements allow firms to achieve rapid solutions to specific 

problems and fast access to suitable technology. Close ties with other firms enable firms to 

obtain tacit knowledge, which is difficult to interpret and exchange (Song et al., 2016). Tacit 

knowledge is knowledge embedded in human minds through experiences, observations, and 

emotions. It is difficult for competitors to imitate, which drives firms to create a competitive 

advantage. The increasing knowledge intensity of high-technology industries stimulates the 

formation of inter-firm partnerships, which limitations knowledge. . 

Firms regard inter-firm collaboration as a mechanism to embrace rapid technological shift 
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through exploitation of complementary resources (Rothaermel, 2001). They can draw upon 

resources of their partners to expand their own resource base. Baum et al. (2000) find that 

forming alliances network has positive impacts on performance of startups. Many firms suffer 

from lack of sufficient resources and uncertainty in marketplace (Baum et al., 2000). 

Engagement in cooperative agreements with other firms provides access to social, 

technological, and marketing resources at lower costs. Diverse knowledge and technology 

required for new product development usually take years to accumulate. 

Product development 

Cooperative arrangements allow for sharing of knowledge and strengthen firms’ knowledge 

base, leading to improvement of their innovative capabilities (Najafi-Tavani et al., 2018). 

Involvement of other firms in innovation process shortens new product development cycle and 

opens up new avenues for technological development (Knudsen, 2007). Business network 

provides firms quick and prompt access to relevant complementary resources, which can result 

in immediate economic payoffs (Knudsen, 2007). Firms can enhance access to novel ideas or 

knowledge available through external innovation network and benefit from the process of joint 

problem solving. Network relationships allow for the flows of richer and broader range of 

knowledge and technology among business partners (Schilling and Phelps, 2007). The 

synergies in R&D, production, marketing and managerial systems accelerate the process of 

innovation, which in turn enhances the likelihood to introduce innovative products to market 

(Tomlinson, 2010). Inter-firm linkages combine the strengths of firms with different assets, 

competences, strategies and market power (Goes and Park, 1997). Firms can explore new 

technologies and improve their existing technologies in a more cost-efficient way (Song et al., 

2016).  

Innovation process is increasingly shaped by social routines and institutional norms as well as 
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the degree to be embedded in inter-organisational network (Love and Roper, 2001). The 

innovation process is not a process internal to the company. Creating a new product or 

developing a new technology involves high risk and requires long-term financial investment 

(Barnir and Smith, 2002). Uncertainty in business environment makes it difficult to innovate 

in isolation (Huggins et al., 2012). Firms should have an awareness of external ideas, market 

demands and technology trends (Rogers, 2004). Development of collaborative arrangements 

has become increasingly critical for creating competitive advantage. The interactions provide 

opportunities for firms to expand their market reach and reduce the possibility of market failure 

(Goes and Park, 1997). Firms can better identify and respond to rapid changes in business 

environment. Firms can capture emerging market demands and acquire information about state 

of art of the market (Song et al., 2016). They can produce products that better satisfy market 

needs by integrating acquired information into their existing product portfolios. Firms can 

master market needs more rapidly and turn them into innovations more efficiently through 

linkages with other firms. Collaborative relationships help firms create new business and 

market opportunities and build market knowledge. Network relationships help firms achieve 

greater market power. The collaborating firms can exploit network resources to manage the 

risks and challenges brought by expanding into new markets (Goes and Park, 1997).  

Previous studies have identified inter-firm network are positively related to firms’ innovation 

capacity. Not all of companies have sufficient resources to develop innovation individually. 

Firms engage in collaborative arrangements are more likely to enhance their ability to develop 

new products. Firms engage in cooperative agreements are more advantaged in innovation 

efforts. Sharing of asymmetric resources through cooperative arrangements mitigate defects 

leading to innovation failures. Medda et al (2006) investigate the relationship between R&D 

activities and productivity growth. The results indicate that significantly higher return has been 

generated by external R&D than internal R&D. Najafi-Tavani et al. (2018)’s study 
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demonstrates positive impacts of collaborative arrangements with research organisations or 

competitors on product innovation capability. Huggins et al. (2012) find support for the positive 

and significant impacts of inter-firm linkages on innovation performance. Inter-firm 

interactions has become an increasingly important aspect of new product development. Ritter 

and Gemunden (2003) provide evidence that network competence, which is the ability to 

develop network relations, has significant impacts on innovation success. Companies can 

involve others in process of technological development to achieve innovation success. Rogers 

(2004) has found the positive association between network relationships and innovation 

performance. Innovation is a critical ingredient in achieving competitive advantage. Love and 

Roper (1999) has provided evidence for the positive association between network intensity and 

innovations. The research findings of Xie and Gao (2018) demonstrate positive relationship 

between strategic network and innovation performance. Cooperative partnerships allow firms’ 

access to novel idea, knowledge and technologies, and create innovations based on 

combination of multiple knowledge bases. Tomlinson (2010) has found that a firm’s innovation 

capacity is positively and significantly associated with strength of cooperative ties. Close and 

intense ties with other firms lead to higher level of innovation. The study of Shan et al. (1994) 

and Ahuja (2000) indicates that a firm’s patent is positively related to the amount of formal 

collaborative linkages developed with other firms. De Propis (2002) finds the positive 

association between cooperative ties a firm establishes and product innovations. Song et al. 

(2016) suggest that exploratory alliances induce higher level of radical innovation while 

exploitative alliance induce higher level of incremental innovation. They find that simultaneous 

use of exploratory and exploitative alliances has synergy effects on firms’ innovation.  

Process improvement 

Cost reduction, process flexibility, and broader product portfolio associated with inter-firm 
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collaboration has been recognized by more and more businesses (Najafi-Tavani et al., 2018). 

Firms spread the costs and risks associated with R&D and product development projects 

through embeddedness in cooperative network. Network relationships lead to benefits 

associated with reduction in transaction costs and increase in supply-chain efficiency. 

Collaborative partnerships lead to benefits associated with building of mutual trust, which 

behave in the best interest of the partnership. Process integration allows collaborating firms to 

achieve minimization of transaction costs and efficiency maximization. Inter-firm 

collaboration generates economies of scale and synergistic effects through efficient 

recombination of firms’ competencies and assets (Belderbos et al., 2004).   

Fast access to complementary resources and knowledge allows for more cost-efficient 

technology commercialization (Song et al., 2016). Engagement in joint R&D projects with 

other firms enable them to shorten development periods (Knudsen, 2007). R&D cooperation 

helps firms speed up their innovation process (Lin and Lin, 2016). Inter-firm cooperation 

speeds up learning by identifying and correcting errors early in the process of new product 

development (Goes and Park, 1997). Time and cost required for innovation process can be 

offset by collaboration between multiple companies. In fast-growing industrial sectors, 

common language is necessary to accelerate problem-solving process. Innovation is a problem-

solving process in which insights into problems are gained via continuous search and efforts 

(Schilling and Phelps, 2007). Intense science park business network facilitates collective 

problem-solving, which improve process efficiency. 

2.3.4 Technology intermediaries 

A growing body of studies have paid attention to the role of technology intermediaries in 

creating value for their clients (Howells, 2006; Lin et al., 2016; Inkinen and Suorsa, 2010). 

They are “organisations that provide a supportive role for collaboration between two or more 
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parties during various stages of the innovation process. (Howells, 2006)” Howells (2006) 

provide a wide range of functions of them, including information scanning and processing, 

knowledge processing and generation; gatekeeping and brokering, testing, validation and 

training; intellectual property protection; commercialization; and technology assessment and 

evaluation.  

Technology intermediaries play a critical role in creating and developing an innovation 

ecosystem. They function as knowledge brokers between actors of science park ecosystem. 

They integrate knowledge bases of innovation actors and introduce new combinations of 

knowledge (Goes and Park, 1997). As business environment becomes increasingly open and 

networked, firms rarely innovate on their own and they increasingly rely on external sources 

to improve their innovation process. Technology intermediaries are increasingly regarded as 

key actors in the innovation system, speeding up and improving efficiency of innovation-

related activities (De Silva et al., 2018). Technology intermediaries perform a wide array of 

tasks within the innovation process (Lin et al., 2016). Their functions range from supporting 

and facilitating collaborations for technology transfer, to bridging a variety of knowledge and 

capability gaps (Goes and Park, 1997). They collect and disseminate knowledge or technology 

as well as distribute technical and institutional resources within the innovation system of 

science parks (Lin et al., 2016). 

Knowledge reservoir  

Hargadon and Sutton (1997) regard intermediaries as a knowledge repository that brings 

together multiple sources of knowledge and provides new combinations of knowledge as 

technology solutions for their clients. The functions of technology intermediaries are diverse 

and complex. For one thing, they develop and maintain network relationships with different 

actors of the innovation system, including firms, financial organisations, higher education 
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institutions, research centres etc (Lin et al., 2016). The extensive network allows them to help 

enterprises get access to a large pool of information, knowledge and resources. As they sit at 

the intersection of various organisations or institutions, they can process knowledge more 

professionally and locate targets more promptly. Howells (2006) highlight the role of 

intermediaries in provision of knowledge processing. This function goes beyond just gathering 

technical knowledge and forwarding it to firms. It also involves the combination of scientific 

and technological knowledge and the clients’ knowledge. Intermediaries have more a complete 

pool of knowledge about diverse domains. They can combine available resources in new ways 

and adapt existing solutions on the market to individual firms’ needs. 

In a rapidly changing, highly complex business environment, businesses are confronted with 

intense competition and severe resource scarcity (Lin et al., 2016). Even firms with an 

extensive range of internal capabilities cannot internally develop and commercialise all 

technology across diverse domains. Close ties with intermediaries allow them to obtain 

knowledge more easily. The companies’ weak areas in technology portfolio can be offsetted by 

information scanning services provided by intermediaries, which in turn fosters advance in 

innovation (Hargadon and Sutton, 1997). They are able to search for and explore external 

knowledge and resources more broadly and deeply. No firm possess all essential knowledge 

and resources and can undertake all innovative activities internally (Lin et al., 2016). As 

business environment becomes increasingly open and networked, firms rarely innovate on their 

own and they increasingly rely on external sources to improve their innovation process (Goes 

and Park, 1997).They provide professional services in terms of training, law, market research, 

talent search, commercialisation of technology etc.  

Networking facilitator  

Science park network consists of knowledge providers including universities together with 
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research institutions, as well as knowledge users including private enterprises and public 

agencies (Inkinan and Suorsa, 2010). Technology intermediaries of science parks contribute to 

facilitating inter-organisational linkages and collaboration as well as innovation culture, 

interactive learning, and mutual trust among different actors. They foster networking and 

collaboration by means of conferences, seminars, meetings, or exhibitions. They encourage 

firms to engage in collaborative relationships with universities for innovation. The problem 

confronts firms is that they need the information about external technology sources in order to 

assess the value of the technology (Lichtenthaler, 2013). Firms always find it difficult to 

identify suitable technology and right partners. However, there is no need for transaction if 

relevant information is disclosed. High costs of technology transactions pose a barrier to 

potential transactions in technology markets. Firms can cooperate with technology 

intermediaries to overcome the obstacles associated with market inefficiencies. This goal can 

be channeled through services provided by intermediaries, such as partner identification, 

negotiation support etc. They are devoted to customizing specific solutions for their clients. 

Their function of information scanning and technology intelligence helps firms identify 

suitable technology or resources. 

Innovation is a cooperative process, which strengthens the supportive role of intermediaries in 

networking and cooperation (Inkinan and Suorsa, 2010). Technology intermediaries play an 

important role in linking different organisations within an innovation system (Inkinen and 

Suorsa, 2010). They provide private sector R&D activities with support related to technology 

transfer and scientific knowledge commercialization. These organisations include public 

funded institutions and regional agencies in support of knowledge generation, technology 

dissemination and collaboration building. They translate the knowledge from academic domain 

to industrial sector, overcoming the cultural and cognitive factors that hinder the efficiency of 

technology markets (Parker and Hine, 2014). They provide an interaction platform which 
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allows their clients to overcome cultural barriers arising from different language and cognitive 

distance. They develop a common language that facilitate communication between companies 

and external innovation network. They develop a single format by which their clients and other 

actors in the knowledge network could exchange and communicate knowledge or information 

without barriers. Besides, intermediary institutions are of critical importance for extension of 

knowledge networks, which opens up opportunities for firms to get access to suitable 

technology solutions.  

Technology intermediaries support technology transfer or commercialisation by providing 

expert services regarding R&D, marketing, business management, together with access to 

workforce, equipment and facilities (Inkinen and Suorsa, 2010). Intermediaries support transfer 

of technology from universities to businesses by identifying relevant research undertaken by 

university scientists and “pulling” the technology generated from the research into the business 

(Hine et al., 2010). On the other hand, they “push” university research projects out to private 

sector, usually in the form of IPR. Intermediaries build a bridge for knowledge exchange. They 

bring together knowledge bases of parties, providing clients with rapid access to target 

technology. They integrate different sets of knowledge created by different parties and 

minimize the knowledge gap between parties. Linkages with intermediaries strengthen clients’ 

capabilities and competences to cope with challenges in technology transfer activities 

(Lichtenthaler, 2013). Such relationships serve as a key enabler for maximizing the efficiency 

of technology markets. However, interaction between firms and intermediaries has received 

limited attention from researchers. It is hard to find prior evidence that specifically explore how 

cooperation with technology intermediaries enhances innovation of firms. Lichtenthaler (2013) 

find that if companies actively collaborate with intermediaries, transaction costs in technology 

markets could be reduced.  
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It is a challenge for firms to identify technology commercialization opportunities due to the 

complexity and context-dependency of technological knowledge (Lichtenthaler and Ernst, 

2008). If the firms lack sufficient internal capabilities or resources, they can rely on 

intermediary services to overcome managerial difficulties. Intermediary institutions can help 

them analyse and assess potential of new markets. There is a trend that firms seek 

commercialization of technology outside boundaries, which strengthen the importance of 

technology intermediaries. However, identifying opportunities of technology applications is a 

major challenge for firms seek commercial exploitation of technology. Intermediary 

institutions, which are specialised in technology intelligence, can extend firms’ resources for 

identifying technology applications opportunities (Knockaert and Spithoven 2014). Firms can 

draw on intermediary services to extend their market knowledge. Intermediaries can support 

the identification of commercialisation opportunities by technology assessment and evaluation, 

analysis of potential technology customers. Intermediary institutions offer firms the 

opportunities to gain access to multiple sources of technology, contributing to mitigating the 

imperfections in technology markets.  

The technology transfer services that intermediaries provide for companies are channeled 

through the identification of opportunities regarding knowledge commercialisation, and search, 

acquisition and exploitation of external technology (Parker and Hine, 2014). Mutual trust and 

common knowledge are cultivated by improving interaction and communication between firms 

and institutions within the network. Intermediaries provide a search function with regard to 

identification of knowledge or technology solutions, matching of knowledge users and 

producers, as well as assistance in negotiation and contracts involved in technology transfer 

process. Watkins and Horley (1986) identify the role of intermediaries in partner identification, 

technology package, supplier selection, and contract negotiation support. They utilize their 

expert knowledge to help firms formalise contractual arrangements of collaborative 
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relationships. They provide compensatory links to firms that have poor knowledge network.  

Innovation accelerator  

Close communication with technology intermediaries to mitigate transactional inefficiency in 

the marketplace (Goes and Park, 1997). Businesses that have close linkages with intermediaries 

can not only reduce external search costs, but improve efficiency and flexibility of innovation 

process (Lin et al., 2016). Lin et al. (2016) have found out that innovation performance of firms 

could be significantly enhanced by cooperating with technology intermediaries. Firms can 

transform knowledge obtained from intermediaries into tangible advantages, which contributes 

to achievement of superior innovation. In addition to technology transfer, they contribute to 

mutual learning that is conducive to improvement of innovation capabilities and generation of 

new ideas and knowledge (Lin et al., 2016). Cooke et al. (1997) regard collective learning 

process between geographically proximate organisations as a basis for innovation in 

knowledge-based sectors. Collaboration, interaction and cooperation between enterprises and 

institutions in a regional context is seen as “soft institutional infrastructure for localised 

interactive learning (Parker and Hine, 2014). 

Technology intermediaries offer the possibility to enhance the ability to appropriate benefits 

from innovation activities (Knockaert et al., 2014). Intermediary intervention helps to cope 

with the market failures of R&D investments. In order to identify suitable technology external 

to the firms, they must where and how to gain access to it, and how to assimilate it and distribute 

it throughout the firms (Knockaert and Spithoven, 2014). The functions of intermediary 

institutions are much broader than the facilitation of linking firms and institutions within high-

technology regions (Parker and Hine, 2014). Intermediaries are able to assess the relevance and 

importance of the technology embodied in external network to their operations. Knockaert and 

Spithoven (2014) find that intensity of interaction with technology intermediaries has positive 
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influences on innovation speed of firms. Firms need to interact frequently with intermediaries 

to improve their innovation speed.  

Case studies of Parker and Hine (2014) suggest that technology intermediaries influence firms 

in terms of organizational capabilities for problem-solving in innovation process. Interactive 

learning processes in the innovation system enhance problem-solving skills and ability to 

interpret knowledge. Considering their environmental scanning function, close links with 

intermediary institutions enable firms to get early insights into technological development and 

market demands which are key to innovation. Technology intermediaries are important 

knowledge disseminators about trends in technological development (Howells, 2006). 

Intermediary institutions provide assistance in the creation of mechanisms for codifying tacit 

knowledge that supports interpretation and exploitation of knowledge (Parker and Hine, 2014). 

They improve their clients’ ability to understand and analyse knowledge. Their provision of a 

supportive function contributes to improved problem-solving skills that serves as a foundation 

of error detection and correction. The intermediary intervention allows for better capability to 

identify existing problems and to pool or exploit knowledge to more sort out those problems.  

2.3.5 Financial institutions 

Science parks can provide assistance in ensuring financial support for survival and growth of 

firms (European Commission, 2013). They can attract financial institutions to locate in the 

vicinity of parks, supporting the innovation activities of firms. The availability of technology 

finance enables firms in emerging markets to mitigate technological and economic risks to a 

large degree (George and Prabhu, 2003). They complement the limited internal resources 

available in firms of emerging markets. Financial institutions are equipped with rich skills in 

assessment of investment projects. They help their clients not only build technological 

resources, but also improve internal resource allocation. Knowledge accumulation of financial 
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institutions is translated into reliable advice for clients in investment decisions and utilisation 

of available resources. Their support for firms’ innovation goes beyond providing finance that 

relax investment constraints. Clients can also benefit from their industry-specific expertise 

(Bertoni and Tykvova, 2015). Many firms with innovative technologies are short of financial 

resources, expertise in market knowledge and entrepreneurial expertise.  

Science parks play an important role in overcoming finance gaps of resident firms. Financial 

institutions provide not only finance tenants require, but also assist in investment decisions, 

business plan development, financial information processing etc (Lahr and Mina, 2016). The 

functions of financial institutions go beyond the provision of finance. They can also offer a 

wide range of value-adding services. Financial agencies play a vital role in financing 

companies’ innovation activities and introduction of new products to markets (King and Levine, 

1993). King and Levine (1993) identify four types of financial services, including evaluation 

of investment projects, resource mobilisation for investment projects, risk diversification, and 

valuation of expected profits from innovation activities. Due to high costs associated with 

project evaluation, it is important for financial sector to perform this task. Innovation projects 

of firms necessitate mobilisation of sufficient funding by financial agencies (Hsu et al., 2014). 

They pool financial resources to support innovation process of firms. It is essential for financial 

agencies to provide assistance for firms to manage and diversify risk involved in uncertain 

innovation process. Financial institutions provide a means for entrepreneurs to value the 

expected rewards from engaging in innovation activities (King and Levine, 1993). Good-

quality financial services are critical to expanding scope of innovation activities and enhancing 

innovation efficiency. Both creation of innovative products or services and introduction of 

innovations to the market are costly processes.  

Three factors lead to large costs of innovation, including uncertainty, timing and resources 
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(O’Suillivan, 2005). Innovative activities are risky, unforeseeable and idiosyncratic 

(Chemmanur and Fulghieri, 2013; Zhu et al., 2012). It is difficult to predict the costs and profits 

due to uncertainty of innovation process. Many contingencies are hard to predict during 

innovation process. Innovative projects usually involve a high likelihood of failures. The length 

of time from concept development to introduction of new products to markets is an issue for 

firms (O’Suillivan, 2005). Finance must be sustained during the innovation process. Science 

parks can function as brokers by advising resident companies how to get access to funding 

support from private or public sector sources. Innovation is a complex process ranging from 

concept development to launch to market, going through multiple phases (O’Suillivan, 2005).  

Lack of financial resources is one of the most frequently mentioned barriers to innovation (Zhu 

et al., 2012; Freel, 2012; Yigitcanlar et al., 2018). Innovative activities involve high financial 

risk to a large degree (Yigitcanlar et al., 2018). Finance is a crucial part of high-risky innovation 

activities. Freel (2012) regard access to finance and supposed equity gaps as the most common 

barrier to innovation. A large proportion of firms on science parks are small firms. There is 

market failure associated with provision of finance to small companies. Difficulty in attracting 

or securing finance is one of the major barriers to product innovation. Aghion et al. (2005) 

propose a hypothesis that financial constraint is a major barrier to technology development in 

poor countries, making them get far away from the global technology frontier.  

The role of finance in business growth has been discussed in previous research (Fowewe, 2017; 

Yigitcanlar et al., 2018). Finance is significant for expansion of operations and product line, 

recruitment of high-skilled talents, and investment in equipment and facilities. Many 

companies are faced with finance constraints as they find it difficult to acquire finance from 

financial institutions. A group of studies examine the impacts of finance on firm performance 

(Demirguc-Kunt and Maksimovic, 1998; Beck et al., 2006; Ayyagari et al., 2011; Fowowe, 



82 

 

2017). Demirguc-Kunt and Maksimovic (1998) show that business growth slows down as a 

result of reduced access to external funding. The findings of Ayyagari et al. (2011) show that 

external finance is associated with greater innovative activities, which is manifested in the 

introduction of new products to market, upgrading of existing products, and creation of new 

plants. The survey of African firms conducted by Fowowe (2017) has found that finance 

constraint imposes negative and significant effects on growth of firms. 

Bank loan is the most common channel to get access to funding to support R&D and innovation 

process (Yigitcanlar et al., 2018). Venture capital invests in new businesses with innovative 

technologies, which is featured as high-risk and high-return funding. Venture capitalists add 

value to firms by providing expertise for firms with regard to policies of investment in 

knowledge-specific and intangible resources. They can assess new technology or products with 

their prior experience and expertise. The research findings of Faria and Barbosa (2014) reveal 

that venture capital helps firms enhance innovative performance in terms of patents. Celikyurt 

et al. (2010) find evidence that the presence of venture capital directors on the board leads to 

improved innovative outcomes in terms of patents and R&D expenditure. Business angels are 

usually funders of ventures in early stage. They make significant investments in start-ups 

(Chemmanur and Fulghieri, 2013). The study of Kerr et al. (2011) provides evidence for 

financing by angel investors improves the possibility of firm survival and improved level of 

employment.  

Another group of studies explore the relationship between a developed financial systems and 

firm growth in a broader consensus (King and Levine, 1993b; Hsu et al., 2014). The study of 

King and Levine (1993) reveals that financial intermediaries contributes to improvement in 

efficiency of resource allocation, reduction of information costs, the acceleration of 

technological innovation and business growth in the long run. It is difficult to nurture and 
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stimulate innovation (Hsu et al., 2014). Innovation plays a crucial role in economic growth and 

competitiveness of a nation. Innovation process is not only unforeseeable and idiosyncratic, 

but also entail a high likelihood of failure. A well-functioning financial market is required for 

facilitating the improvement of innovation process. They play a key role in reduction of 

financing costs, assessment of technology projects, allocation of scarce resources, and risk 

management. Financial sector provides services that allow for the allocation of resources and 

finance to the highest value use. It helps firms mitigate risk or losses brought by adverse 

selection and moral hazard. Financial institutions support development prospects of firms. 

Financial sector allows for risk diversification, which is critical for technological innovation 

(King and Levine, 1993b; Hsu et al., 2014). Technology-based firms are usually engaged in 

design and development of innovative products or processes. High-tech firms design, develop 

and introduce new products with systematic application of scientific and technological 

knowledge. Innovative activities are associated with both high expected returns and high risk. 

Innovation process with high level of novel technological contents is highly risky and 

unpredictable. Financial sector can provide a range of risk management tools, which motivate 

firms to engage in innovative projects with high risk and high uncertainty.  

2.4 LITERATURE REVIEW OF INNOVATION CAPABILITIES 

An innovation is “a new idea, which may be a recombination of old ideas, a schema that 

challenges the present order, a formula, or a unique approach which is perceived as new by the 

individuals involved.” (Van de Ven, 1986). Innovation serves as a foundation of firms’ survival 

in the fast-changing business environment (Yang, 2012). Innovation performs an enabling 

function for firms to respond flexibly to rapid changes in customer markets and technology 

trends. Scarcity of innovative capabilities is regarded as a barrier to business growth (Lawson 

and Samson, 2001; Wright et al., 2008). Innovation is more than the generation of creative 

ideas, but a process that involves the transformation of ideas into competitive products or 
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services in the market. A firm’s ability to achieve a sustained competitive advantage largely 

depends on its capacity to produce inimitable innovations. Innovation involves the process in 

which the firm identifies problems and create new knowledge to cope with the problems 

(Nonaka, 1994). Innovation is a process that involves design, production activities associated 

with the introduction of new products or processes (Chiesa et al., 1996).  

There is no general formula for specifying innovation capabilities (Lawson and Samson, 2001). 

Technological innovation is often developed based on a combination of various assets, 

processes, resources and capabilities (Christensen, 1995, Guan and Ma, 2003). According to 

Guan et al. (2006), it is a complex and multi-faceted concept which is difficult to measure 

directly. In addition to R&D capabilities, successful innovation also depends on other types of 

capabilities that support and accelerate the process of transforming R&D into products (Wang 

et al., 2008). Businesses should integrate, mobilize and deploy a wide range of resources in 

order to achieve success of industrial innovation. Various researchers have developed a wide 

range of approaches to evaluating innovation capability of a firm, such as the asset approach 

(Christensen, 1995; Adler and Shenbar, 1990), the process approach (Chiesa et al., 1996), the 

functional approach (Yam et al., 2004; Guan and Ma, 2004; Guan et al., 2006; Wang et al., 

2008), and the systems approach (O’Connor, 2008). The process approach is employed by 

Chiesa et al. (1996) to develop a technical innovation audit. Chiesa et al. (1996) identify four 

core elements of their process model of technological innovation, including concept generation, 

product development, process innovation, and technology acquisition. This work can serve as 

a foundation for producing a checklist of innovation practices. Concept development is the 

process of creating new concepts of products; product development reflects the process of 

turning new concepts into new products; process innovation is to develop innovations in 

production processes; and technology acquisition reflects the ability to develop and manage 

technology.  
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Christensen (1995) developed an asset-based model for defining technological innovation, 

which encompasses scientific research assets, process innovative assets, product innovative 

application assets, and aesthetic design assets. The author pointed out that the success of 

technological innovation depends on the access to relevant innovative assets. Scientific 

research assets are comprised of the stock of scientific knowledge and new research. Both pure 

scientific research and industrial research generate this type of asset. Process innovative assets 

involves not only “hardware” process innovation that is associated with manufacturing, quality 

control, and logistics, but “systemic” organizational and managerial assets related to production. 

Product innovative application assets refer to the resources and capabilities required for 

developing new products. Finally, aesthetic design assets focus on the design of products and 

packaging, which play an indispensable role in marketing promotion. It provides the links 

between the product and advertising and promotion activities. The asset approach is also 

adopted by Adler and Shenber (1990). They identified four components of a firm’s 

technological innovation capability, which are technological assets, organizational assets, 

external assets and projects. Technological assets embrace three main areas, including product, 

process and support technologies possessed by the firm. Organizational assets are skills, 

procedures, strategy, culture and organizational structure that enable the firm to develop 

technological assets. External assets refer to the links and network developed by the firm with 

different types of partners, such as customers, suppliers, competitors, etc. Projects are the 

means by which technological, organizational, and external assets are mobilized, deployed and 

transformed.  

Guan and Ma (2003) and Yam et al. (2004) have introduced a functional approach to defining 

technological innovation capabilities (TICs). They have developed an innovation audit 

framework for the relationship between TICs and enterprise competitiveness. TICs are 

classified into seven capability dimensions that are associated with innovation success, 
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including learning capability, R&D capability, resource allocation capability, manufacturing 

capability, marketing capability, organizing capability, and strategic planning capability. Each 

dimension represents a function of a firm. Guan and Ma (2003)’s study examines the 

relationship between innovation capabilities and export performance based on a survey of 

Chinese industrial firms. They have found significant impacts of innovation capabilities on 

export performance, except for manufacturing capability. The results of Yam et al. (2004)’s 

survey of innovative manufacturing firms in Beijing reveal that R&D capability is closely 

related to innovation rate and product performance. They also found a strong relationship 

between resource allocation capability and sales growth. Wang et al. (2008) provide a 

quantitative measurement tool for evaluating the performance of TICs of high-tech firm by 

adopting a fuzzy method. They assess TICs in terms of five aspects, including R&D capabilities, 

innovation decision capabilities, marketing capabilities, manufacturing capabilities, and capital 

capabilities.   

Some authors conceptualise innovation capabilities from a dynamic capability perspective. 

Lawson and Samson (2001) apply a dynamic capabilities approach to generate a conceptual 

model of innovation capabilities. It provides a framework for firm managers to adapt 

innovation process to rapidly evolving market needs and technology trends. The “innovation 

capabilities” construct they proposed is composed of seven major elements, including vision 

and strategy, organizational intelligence, organizational structure and systems, harnessing the 

competence base, creativity and idea management, technology management, and culture and 

climate. Lee and Kelley (2008) also conceptualize innovation capabilities from a dynamic 

capabilities perspective. Innovation management deployment of entrepreneurial resource, and 

providing relational and decision support. This study highlights the role of innovation project 

leaders in promoting close communication and collaboration between employees.  Such 

entrepreneurial support facilitates mutual trust and collective understanding among employees, 
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which is a key element in developing innovation.  

2.5 CONCLUSION 

This chapter identifies the research gap through the review of literature related to science parks. 

The impacts of science parks on tenant firms have been extensively researched by comparing 

performance of firms located inside and outside science parks. Nevertheless, how knowledge 

sharing and collaborative innovation process occurs within science park ecosystem influence 

tenants’ performance has not been fully investigated. Due to complex nature of science parks, 

there are difficulties inherent in evaluating the effectiveness of science park in creating value 

for tenant firms. The mixed results shown by prior literature indicates that whether science 

parks successfully sustain tenants’ performance remains doubtful. The availability of statistical 

data sources allows for comparison between performance of firms located inside and outside 

science parks. Some authors have found out positive impacts of science parks on tenants 

indicated by significantly better performance of on-park firms than off-park firms (Lofsten and 

Lindelof, 2002; Ferguson and Olofsson, 2004; Lamperati et al., 2015). However, some studies 

did not demonstrate positive effects of science park location on hosted firms (Westhead, 1997; 

Liberati et al., 2016). There is no guarantee superior performance is associated with location 

on science parks. Conditions are similar for firms located on a science park. Tenants’ 

performance depends not only on their location, but also their ability to exploit the location 

benefits. Network relationships they develop with other science park actors can be a key 

determinant for competitive advantage of tenant firms.  

This study will extend the literature by examining how collaborative network explain or 

facilitate science park firms’ innovation achievement and commercial value. In this chapter, 

the identification of elements in science park ecosystem clarifies and unpacks different types 

of network relationships that might affect tenant firms’ outcomes. A diversity of actors involved 
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in science park ecosystem are categorized into four groups, including academic institutions, 

companies, technology intermediaries and financial institutions. Review of literature regarding 

innovation capabilities summarises different approaches employed by previous studies to 

assess firms’ innovation capabilities. It provides a basis for conceptualization of innovation 

capabilities. 

In addition, previous studies have provided rich evidence on how science parks influence 

performance of affiliated firms in developed countries (Lindelof and Lofsten, 2003; Ferguson 

and Olofsson, 2004; Lamperati et al., 2015; Liberati et al., 2016). However, there is relatively 

limited literature examines the impacts of science parks on tenants in developing economies. 

This study will focus on investigating how science park ecosystem exerts influences on hosted 

firms in China context, which is the largest developing country in the world. The following 

chapters aim to fill in gaps identified in review of science park literature.  
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CHAPTER 3 RESEARCH METHODOLOGY 

3.1 INTRODUCTION 

The major aims of this study are to develop a scale of ESPCN (engagement in science park 

collaborative network), and examine the impacts of ESPCN on innovation capabilities and 

financial performance of on-park firms. Quantitative approach will be applied to conducting 

the research. It is widely agreed that quantitative and qualitative research are two streams of 

research methodologies (Bryman and Bell, 2015). Quantitative research is based on objectivist 

epistemology while qualitative research is informed by constructivist epistemology (Yilmaz, 

2013). Compared with quantitative research, qualitative research is more context specific. 

Quantitative research can reflect facts and reality that qualitative research is unable to It focuses 

on the measurement and examination of causal relationships between different variables (Choy, 

2014). Qualitative research allows researchers to generalise research findings from a large size 

of sample (Yauch and Steudel, 2003). The results of closed-ended questions enable researchers 

to obtain generalisable findings towards a phenomenon. Quantitative research is suitable for 

research that looks into a phenomenon based a priori theory (Yilmaz, 2013).  

Quantitative research is more appropriate for this research than qualitative research. It can 

statically measure reality, which can provide an objective understanding of ESPCN and its 

impacts on science parks. Firstly, in order to identify ESPCN practices that can be used by 

tenant firms to exploit the benefits of science park location, a large-scale sample size is required 

for validation of the proposed dimensions of ESPCN. Moreover, quantitative method can be 

adopted to measure and analyse causal relationships between constructs. The effects of ESPCN 

on science park firms can be identified by statistical tools. Quantitative approach is widely used 

in studies on measuring the effectiveness of science parks in contributing to firm performance. 

The hypothesised model demands a considerable amount of sample to generalise the results. In 

addition, the results of quantitative research are more reliable for policy makers which is based 
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on a considerable amount of statistical data.  

This chapter is structured as follows. 3.2 justifies the reasons for selecting survey as research 

strategy for this study. 3.3 explains why questionnaire is adopted for collecting data. 3.4 

presents the advantages of structural equation modeling over other statistical methods. 3.5 

provides a step-by-step research design for developing and validating the conceptual 

framework. Six steps of scale development are identified in this chapter including model 

specification, Q-sort, questionnaire design, large-scale survey, test of measurement model, and 

test of structural model.  

3.2 SELECTION OF RESEARCH STRATEGY 

Research strategy is a general plan of how you will go about answering the research questions 

you have identified. There are different strategies can be employed in research. The possible 

research strategies, including case study, survey, ethnography, action research, and experiment, 

are discussed. The reasons for selecting survey as the major approach in this study are justified.  

3.2.1 Case study 

Case study provides the researchers with the opportunity to conduct a more in-depth 

investigation of a particular setting in comparison with other research strategies (Griffis and 

Goldsby, 2003). Maylor and Blackmon (2005) identify the underlying logic behind case study 

strategy, which is “the intensive examination of a single situation, and the focus on unique 

features of one setting.” The social units under study might be one or a small number of 

individuals, programs, companies, or events. The objective of case study researcher is not to 

generalise the findings, but to deeply learn about one or a few cases. It is used for justifying, 

illustrating and describing the phenomenon of interest. Siggelkow (2007) believes that even 

limited number of cases can provide the researchers with very convincing tests of theory. It is 

likely to inspire the emergence of new ideas. 
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Case study method is not considered for this study as it is not conducted for the purpose of 

generalising research findings to other situations. Such method is useful especially for 

conducting an exploratory study (Maylor et al., 2005). It concentrates on exploring descriptive 

or analytic research questions, e.g. “how” and “why” questions. However, the focus of this 

study is to test the hypotheses proposed according to literature, which is confirmatory data 

analysis.  

3.2.2 Experiment 

Experiment is concerned with testing influences of varying one or more inputs on one or more 

outcomes. The researcher has strong control over the experimental design (Hox and Boeije, 

2005). The research design involves comparison between an experimental group and a control 

group. The researcher applies one or more variables to the experimental group in order to assess 

their effects by comparing with control group who has received no condition or variable 

(Crowther and Lancaster, 2008).  

Experiments would be a good choice for hypothesis-testing that involves cause-and-effect 

relationships (Maylor et al., 2017). Nevertheless, one issue associated with experimental 

approach is that they are applicable to the measurements on a small number of variables 

(Saunders et al., 2013). They are inappropriate for examining a study with a large amount of 

variables. Each additional independent variable brings considerable extra difficult ies, both 

practical and technical, to your research design. The current research involves a wide array of 

variables, which is difficult for experiments to test. Maylor et al. (2017) argue that experimental 

design not suitable for research that concerns complex business situations and human 

behaviours. It is considered as an appropriate method of studying a limited part of a 

phenomenon or context. This study investigates firms’ exploitation of science park social 

network that involves various types of parties. It is too complex for experiments to deal with. 
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Therefore the experimental method is not taken into account.  

3.2.3 Ethnography  

The key principle of ethnography is the personal involvement of researchers with the subject 

under study. The researchers should engage in a particular organisation and become part of the 

group with the objective of building the richest picture of the context (Maylor and Blackmon, 

2005). An ethnographic research investigates the culture of the organisation or group under 

study in order to gain insights to what the meanings and significance people give to their 

behaviours (Griffis et al., 2003).  

Ethnography is not considered suitable for the present research. This research aims to explore 

the impacts of science park social network on firms’ innovation, it is unlikely to generalise the 

results from ethnographic research with a few cases of science park firms. Considerable time 

spent in the situation under study is required by such type of research. In order to derive rich 

knowledge from the experience of ethnography study, the researchers should immerse 

himself/herself in a particular setting (Griffis et al., 2003). Preparation work for ethnography 

is considerable, for example, you need to gain support from the organisation prior to your 

investigation. Data collection usually takes place over a long time period. Additionally, there 

is a large amount of data to be assimilated and analysed (Maylor et al., 2017). Generally, the 

researchers develop new thoughts constantly during the research process, requiring flexibility 

and responsiveness to changes in a timely manner.  

3.2.4 Action research 

Action research put an emphasis on the management of a change (Saunders et al., 2003). The 

difference between action research and ethnography is that an action researcher learns about 

an organisation through trying to change it, not just observing and analysing the circumstance 

(Griffis and Goldsby, 2003). The key feature of action research is the involvement with 
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members of organisations under study. The researcher is a part of the organisation. Action 

research is close collboration between researchers and practitioners in some way. Crowther and 

Lancaster (2008) regard action research as “a consultancy or rather at least an approach to 

conducting consultancy”. Action research is related to practical hands-on field research in the 

organisation of interest. Identification of problems in organisations and solving the problems 

is the objective of action researcher.  

For one thing, the researcher often conducts action research with the purpose of addressing 

issues in organisations. The objective of this research is to examine how science parks support 

firms’ innovation rather than address practical issues in science park firms. For another, the 

focus of action research is active participation in change process of an organisation. It is not 

possible for the author to participate actively in making a change to on-park firms and assess 

the consequences of any change. Hence, action research is not taken into consideration.  

3.2.5 Survey - Chosen research strategy 

Researchers use surveys to data from large numbers of respondents by asking well-chosen 

questions. Surveys can be also known as cross-sectional research as they are concerned with 

different individuals, groups, organisations, or situations (Griffis and Goldsby, 2003). The 

cross-sectional surveys allows simultaneous measurement of multiple factors and examination 

of underlying relationships between the factors. The underlying theory is critical to survey 

design, the hypotheses developed regarding the relationships between different variables 

should be based on a strong a priori theory. 

Survey is considered as the most appropriate research strategy for this study. Large sample size 

is dictated by the SEM approach employed in the present study. Compared to other types of 

research design such as case study, ethnography and action research, survey is the best choice 

for the study that requires relatively sizeable samples (Crowther and Lancaster, 2008). Besides, 
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considering large number of variables specified in this study, experimental research, which can 

just accommodate a few variables, is impractical for this study. Surveys allow researchers to 

collect data on a wide array of variables, making it suitable for examination of complex models. 

This study involves a relatively complex model which embraces 9 factors measured by 45 

indicators. Survey is an ideal approach to collecting a large amount of data from a large sample 

in a timely manner. It tends to be more efficient as information needed can be collected by a 

well-designed questionnaire. The data gathered is standardised, which is easy for researchers 

to compare and analyse (Saunders et al., 2013). In addition, by means of survey, the researcher 

can achieve generalised research findings, which is impractical for other approaches. 

3.3 DATA COLLECTION METHODS 

3.3.1 Secondary data  

Secondary data is pre-existing data that has been collected by some else. For one thing, some 

official documents may be produced by the government departments in the forms of White 

Papers, yearbooks, survey reports and so on (Saunders et al., 2013). For another, companies 

provide private sources of secondary data such as annual reports, press releases etc. Besides, 

mass media, such as newspapers, journals, is also an important source of second-hand data. It 

is a time-saving and economic method to collect data. It is inevitable for researchers to use 

secondary data as literature review provides an indispensable theoretical supporting the 

research.  

However, this method is not suitable for this research as primary data is what this research 

intends to collect.  Firstly, secondary data was collected with other objectives rather than 

generated specifically for purpose of your research (Maylor et al., 2017). The researchers need 

to assess the extent to which the data sources is relevant to their own research questions. As for 

as this study is concerned, it is impractical to collect documentary data with regard to how 



95 

 

science park firms interact with other parties. Secondly, the researchers should take into 

account confidentiality issue. In this study, it is possible to collect data regarding financial 

performances of science park firms from their annual reports. However, gaining their 

permission to access such data is necessary. It is difficult to get access to hundreds of annual 

reports that meets the large-size sample demands of SEM method.  

3.3.2 Observation 

In general, observation is a method to collect data by looking, noting and analysing events of 

interest. This method relies on actual observations of what people do, not on what people say 

or how they feel. It allows for the generation of richer and more in-depth data and findings than 

other means such as questionnaires (Crowther and Lancaster, 2009).  

Nevertheless, as a result of the limitations associated with observational research, it is excluded 

from being used in this study. The first issue with observation lies in their situation-specific 

nature. The research findings obtained cannot be generalised to other circumstances. It 

generally focuses on limited amount of cases, which fails to achieve the goal of deductive 

development of theory in this study (Crowther and Lancster, 2009). According to Lee and Lings 

(2008), another issue is that it is not an easy task to get access to the context or situation that 

researchers want to study. The researcher needs to gain support from managers to get the 

opportunity to study the organisation of interest. It is suggested that the process of observational 

research is time-consuming and costly (Emroy and Cooper, 1991). Constraints of time and 

resources make the method of observation impractical for this study.  

3.3.3 Interview  

Interview is a popular method of data collection in social sciences. The researchers can obtain 

richer and more in-depth information by taping deeply into the experience, thoughts and 

behaviours of interviewees (Lees and Lings, 2008). Interviews enable researchers to capture 
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the most detail, both verbal and non-verbal. Besides, interview is popular with researchers due 

to its flexibility with regard to both content and time. It is a two-way conservation. The 

researcher and the respondent can directly react on words or body language of each other.  

In spite of several advantages provided by interview, it is inappropriate to use it in this study 

owing to the issues in terms of cost, time, bias and generalisation. Interview is time-consuming 

activity. The respondents you target might be hard to reach. It takes time to get access to 

interviewees, conduct interviews, transcribe the tape recorded, and analyse the detailed data 

(Opdenakker, 2006). Interviews may bring a lot of costs. If the research project covers a wide 

geographic area, the cost is inevitably high. Moreover, it is difficult to generalise the results 

from interviews because of the small samples chosen and non-random sampling method 

Another pitfall related to interviews is that it is prone to bias (Boyce and Neale, 2006). 

Responses from participants of a program are likely to be biased as they want to prove their 

program is working. In addition, if the researcher is not trained appropriately in interview skills, 

he/she may fail to acquire rich data from respondents. They should grasp the techniques to 

motivate the respondents to provide detailed and valuable information.  

3.3.4 Questionnaire – chosen data collection method 

Questionnaire is one of the most widely used methods to collect data in business and 

management research. Achieving a wide coverage is one of the advantages of questionnaire 

over other means of data collection. By means of questionnaire, the researchers can collect 

sizeable amount of data in a cost-efficient way. It provides opportunities to generalise the 

research findings of questionnaire survey to the wider population. Marshall (1993) maintain 

that high-quality data and good response rate can be achieved by questionnaire when the 

questions are well-designed and carefully thought-out.  

Questionnaire is identified as an appropriate method of data collection for this study. Firstly, 
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the use of questionnaire allows the researchers to reach large samples of population, meeting 

the large sample requirement of SEM method. Secondly, it is a less time-consuming way to 

collect data in comparison with interviews, observation etc. The researchers can question a 

large amount of respondents in a relatively short time. Questionnaire is used by this research 

given time constraint of PhD study. Thirdly, the data collected by questionnaire is easier to 

analyse. The rapid improvement of statistical software packages enables the researchers to 

analyse questionnaire results in an efficient way. The researchers do not need to spend a lot of 

time transcribing data, which is an inevitable task for interviews and observations. Moreover, 

the highly formalised and structured questionnaire consists of pre-determined, standardised set 

of questions, providing a reliable means of data collection (Crowther and Lancaster, 2009).  

The researchers can carry out a test to examine its reliability. According to Parahoo (1993), 

self-completed questionnaire can reduce the possibility of interviewer bias effectively. Without 

direct contact, the answers are not influenced by the attitudes or behaviours of interviewer. 

Questionnaire provides the respondents with confidentiality, which encourage respondents to 

provide honest and frank answers.  

3.4 STRUCTURAL EQUATION MODELLING 

Structural equation modelling (SEM) is also referred to as causal analysis, causal modeling, 

and simultaneous equation modeling etc (Ullman and Bentler, 2013). SEM is a growing family 

of statistical methods for providing a parsimonious and meaningful account of the observed 

data. The last few decades have witnessed the increasingly wide application of SEM as an 

important statistical tool in the area of social sciences such as economics, psychology, business 

management etc. SEM integrate methods from psychometrics, sociometrics, econometrics, and 

multivariate statistics. SEM is also known as causal modelling as the goal of SEM is to test 

causal effects among a set of factors (Hoyle, 2012). It enables the examination of a set of 
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relationships between one or more independent variables and one or more dependent variables. 

SEM allows the testing of hypotheses at a construct level, whereas the other tools test construct-

level hypotheses at the level of a observed measure. SEM consists of a collection of statistical 

techniques that allows simultaneous examination of a series of relationships among measured 

variables and latent constructs (Ullman and Bentler, 2013). SEM analysis is conducted with 

the objective of examining the extent to which the hypothesized model is supported by the 

observed data (Schumacker and Lomax, 2004). It the model is not supported by the data, the 

researcher can modify the initial model or develop alternative models. There are two major 

types of variables: latent variables are variables that cannot be directly observed or measured. 

The observed or measured variables are variables that are used for defining the latent variable 

or constructs.  

The core strength of SEM is that it enables the simultaneous test of relationships between 

observed variables and latent constructs as well as relationships among latent constructs (Hoyle, 

2012). The concepts that the researchers are interested cannot be directly observed in many 

instances (Schreiber et al., 2006). The term latent variables or constructs are used to describe 

unobserved variables, which are depicted graphically with circles or ovals. Observed variables 

are depicted graphically with a square or rectangle. The issues or phenomenon that researchers 

are interested in are often complex and multidimensional in nature. Phenomenon of interest to 

researchers is not observable and tangible. Hence, a set of item scales are developed to measure 

latent variables. Noar (2003) argue that multiple items can better capture the complexity of a 

construct. Weston and Gore (2006) consider SEM as the combination of factor analysis and 

path analysis. SEM aims to identify the interrelationhips among variables, which is similar to 

the goal of factor analysis. It also aims to explore hypothesised relationships between factors, 

which is similar to the goal of path analysis.  
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The major motivation for application of SEM is to model constructs that cannot be observed 

or assessed directly (Anderson and Gerbing, 1988). Basic statistical tools can only deal with a 

limited amount of measures, which is unable to test sophisticated theories (Schumacker and 

Lomax, 2004). By contrast, SEM allows for the examination of a sophisticated theoretical 

model. Thus, the researchers can model and test complex phenomena by means of SEM. 

Another reason for employing SEM method is that it takes measurement error into account 

when analyse the model. Latent variables can be referred to as “factors”, representing what 

multiple indicators have in common. Many authors regard latent variables as theoretical or 

hypothetical constructs or concepts in social science. Latent variables can also be defined as 

the means of reducing the complexity or dimensionality of a set of data. They provide a 

parsimonious way to test the relationships between variables. Besides, latent variables can 

serve as a linear function of the observed variables in the model. Hoyle (2012) asserts that 

latent constructs can be seen as observed “if their values can be derived through the linear 

manipulation of model equations given values of observed variables.” 

SEM has a distinct advantage over other statistical methods, that is able to simultaneously test 

a set of dependence relationships as well as analyses multiple dependent variables (Shook et 

al., 2004). Both multiple regression analysis and ANOVA can test multiple dependent variables. 

However, variables could be both independent or dependent variables in a SEM model (Hoyle, 

2012). The researcher can identify a set of variables for predicting correlated or uncorrelated 

outcomes. Dependent variables can be identified as independent variables for predicting other 

dependent variables. SEM provides synergy among many other multivariate statistical 

techniques (Bagizzu and Yi, 2012). Bagizzu and Yi (2002) provide an distinction between first-

generation statistical tools (i.e., regression analysis, correlation analysis, exploratory factor 

analysis, ANOVA etc.) and second-generation methods (i.e.,SEMs). SEM is a combination of 

the former and is able to perform most of classical statistical analyses. One of SEM’s 
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advantages over other statistical techniques is that it can correct errors confronting first-

generation tools. It can estimate and model random or measurement error as well as systematic 

or method error in items chosen for measuring latent constructs. SEM also provides a broader 

and more in-depth approach to assessing construct validity than other tools. Furthermore, SEM 

is likely to generate novel hypotheses that are not identified in previous studies, leading to. new 

paths for research. 

The complexity of SEM results in statistical and interpretation challenges (Werner and 

Schermelleh-Engel, 2009). SEM is a large sample method. In SEM approach, maximum 

likelihood is most often adopted in parameter estimation, which is based on the assumption of 

large sample size. Hundreds of samples are required in most cases. Small sample size results 

in unreliable results. In addition, SEM is often used as a means to examine causal hypotheses. 

Nevertheless, if two or more alternative models which make different hypotheses about causal 

relationships between factors demonstrate almost the same model fit, it is difficult to make a 

decision solely on statistical criteria. Moreover, the most difficult part of SEM is to specify and 

identify a correct model. The researcher must specify a model a priori and know the number of 

items. Due to the problems with specification, test and interpretation of structural equation 

models, there are many points at which the process would fail (Fergusson, 1995).  

3.5 DEVELOPMENT AND VALIDATION OF CONCEPTUAL MODEL 

In order to develop and a valid conceptual model, a strict process will be conducted step by 

step in this study, ranging from model specification based on literature review to test of 

structural model. 

Considering the large sample size dictated by SEM approach adopted, questionnaire-based 

survey is adopted in this study. Questionnaire design for this study was carried out in two steps. 

In the first stage, when completing the extensive review of literature review, the initial list of 
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question items has been generated for measuring the constructs proposed. As for the second 

stage, interviews were conducted with two academics and two practitioners for the purpose of 

assessing the validity and reliability of the question items. In the next stage, the questionnaire 

is sent out for a large-scale survey.  

3.5.1 Specification of a conceptual model 

The first step in the modeling process is specifying a model, which is to specify a set of 

hypotheses to be tested (Ullman and Bentler, 2013). Anderson and Gerbing (1988) developed 

a two-step approach. The measurement model specifies the relationships between manifest 

variables and their underlying factors that are intercorrelated freely (Anderson and Gerbing, 

1988). The structural model specifies the causal relationships among the factors. The researcher 

should specify a model, which is the mechanism for which involves development of variables, 

relationships between the variables, and identification of parameters (Weston and Gore, 2006). 

The researchers should determine the observed and latent variables included in the scale, as 

well as specify how they are related, whether direct or indirect. Each parameter in a model can 

be identified as either fixed or free. The value of fixed parameters is set by researchers while 

that of free parameters are estimated from observed data. 

Development of a conceptual model is usually based on theories and empirical results from 

prior studies (Shreiber et al., 2006). Theories should serve as a guide for the researcher through 

the process of scale development from items selection, identification of latent constructs to 

specification of relationships between items and factors (Noar, 2003). This process would be 

easier with an explicit theory in mind. Some researchers want to develop a theory or a construct 

that has not been measured by previous studies. They should consider more about critical 

thinking, literature review, as well as examine whether a measure is both unidimensioal and 

multidimensional. When develop a scale, the researcher should consider other developed items 
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for measuring the construct, other developed items for measuring similar constructs, and other 

items for measuring the related theories or constructs. Model specification is driven by the 

theoretical relations between observed variables and latent constructs (Schreiber et al. ,2006). 

The researcher specifies a hypothesised model to estimate a population covariance matrix that 

is compared to the observed covariance matrix. A direct effect represents an independent 

variable has direct effects on a dependent variable. An indirect effect indicates an independent 

variable influence a dependent variable through a mediating variable.  

The researcher must determine how many items to specify. Different researchers have different 

views about the number of indicators of a construct. Hoyle (2012) believe that three items offer 

just enough degree of freedom for estimating parameters. Adding a fourth item offers degree 

of freedom to test model fit. Mulaik and Millsap (2000) argue that each latent variable should 

comprise at least four observed items. Bagizzu and Yi (2002) clarify trade-offs related to 

number of items per factor. Unstable solutions and failure to converge will be results of factors 

with two few indicators. Thus, a construct with at least three indicators is advocated by many 

researchers. However, there are also risks associated with specifying a construct with a greater 

number of indicators. It is harder to obtain convergent and discriminant validity with more 

indicators per factor. The sample size required to test the model and the parameters to be 

estimated increases as the number of items per factor increases.  

Hoyle (2012) identify four approaches to specifying a model. First of all, the researcher just 

proposes a single model, which is referred to as strictly confirmatory approach. The researcher 

makes a decision to either reject or accept a model depending on the results of test. Secondly, 

the researcher can propose additional models without adequate knowledge of the target model 

under alternative models approach. The target model that is of greatest interest to the researcher 

can be evaluated in two ways. It is assessed with reference to the sample data first, and then 
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assessed with reference to the alternative models. The best fitting model is selected among 

multiple models as the most appropriate to represent the observed data. In the model-generating 

approach, when the initially specified model shows poor fit to the observed data, the researcher 

can transform from hypothesis-testing approach to an exploratory approach to generating 

additional models for future test. However, the risk associated with this approach is that the 

model yielded may exploit the idiosyncrasies of the current data but not applies to another set 

of sample. The final approach is model discovery approach, in which SEM software program 

is used to automatically search all possible models given a set of constructs. It is feasible to use 

such automated search strategies for a modest number of variables. However, one issue 

associated with this approach is that a wide range of models may be yielded. This study 

proposes two conceptual models. The researcher will decide to accept or reject two models 

based on sample data.  

3.5.2 Q-sort 

In the second stage, the scales were validated using Q-sort method. Developed by Stephenson 

(1953) as an alternative measurement technique to existing scales and tests in psychology, the 

method can be used in any situation in which subjectivity is at issue, including attitude 

measurement. Q-sort is a cost efficient and simple approach to providing insights into potential 

problem areas in the questionnaire items (Nahm et al., 2002). It is done by examining the 

instrument items that are sorted by knowledgeable people in the field of study into 

corresponding categories defined by the researcher (Stephenson, 1953). The objective is to 

assess the reliability and validity of those items before the final data collection.  

3.5.3 Questionnaire design  

The unit of analysis is resident firms on science parks. All of the question items are designed 

at the level of science park firms. The target respondents of questionnaire are Chinese managers. 
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Forward and backward translation will be applied to translation of question items into 

appropriate language for respondents (Brislin, 1983). Two versions of questionnaire are listed 

in appendix, including Chinese and English versions. Furthermore, a pilot test will be 

undertaken to obtain feedback about questionnaire design from expert. Pilot study aims to 

ensure that firm managers can understand the question items clearly.  

The question items are measured in terms of respondents’ level of agreement for each item. 7-

point Likert scale will be adopted to questionnaire design (1=strongly disagree – 4=neutral – 

7=strongly agree). Since the emergence of Likert scale, there has been debate among 

researchers regarding the reliability and validity of number of points on the measurement scale 

(Dukes, 2005). In terms of reliability of respondents’ answers in a survey, it is likely that 7-

point scale performs better than 5-piont scale due to more choices on the scale (Joshi et al., 

2015). 7-point scale is adopted rather than 5-point scale as it not only permits the measurement 

of direction and neutrality but can distinguish three levels of attitude intensity as well. The 7-

point scale provides more varieties of options which in turn increase the probability of meeting 

the objective reality of people. As a 7-point scale reveals more description about the motif. 7-

point scale may address this issue by avoiding the dilemma of choosing between the two 

undesirable points on 5 point to some degree. On the other hand,. beyond 7 categories, the scale 

points would mean less and the increases in reliability would be tiny. Symonds (1924) implied 

that the optimal reliability is with a 7-point scale. It is not worth it to develop a scale with more 

than 7 points.  

3.5.4 Large-scale survey 

In survey research design, the researchers have various methods to collect data, either through 

face-to-face interview, telephone interview, postal survey and online survey. An online survey 

will be undertaken. With the improvement of information technology over the last few decades, 



105 

 

online questionnaire has become increasingly popular with survey researchers. Compared with 

face-to-face interviews, the respondents have more confidence with regard of confidentiality 

online survey (Emroy and Cooper, 1991). Besides, online questionnaires can be significantly 

cheaper than hard-copy questionnaires. You can send out large numbers relatively cheaply. 

Doing online survey is convenient to reach as many respondents as possible in short time. More 

importantly, online questionnaires allow you to make sure that respondents answer the key 

questions by stopping them from progressing until they have answered the appropriate 

questions.  

Although the researchers can improve the quality of answers through some interview 

techniques, structured interview survey is infeasible due to its high cost in both money and 

time (Emroy and Cooper, 1991). Costs are associated with the study that covers a wide 

geographic area. The sample population of this study are managers of firms located within 

Beijing and Shanghai science parks. Time spent in science parks, costs related to transport to 

those places, and hotel expenses are all included in the costs of personal interviews. Personal 

interview is more appropriate for studies that require a smaller set of sample. There is no doubt 

that conducting interviews with more than hundreds of respondents face-to-face is highly costly 

and time-consuming. Moreover, personal interviews bring the issue of bias when the 

behaviours of researchers make the respondents feel not comfortable.  

Telephone interview is not uncommon method of data collection owing to its combination of 

interactivity of personal interview and low cost of mail survey (Easterby-Smith et al., 2008). 

You can contact with respondents from all over the globe. It brings savings to the researchers, 

which come from cuts in travel expenses. Additionally, compared to other channels of survey 

such as post survey or online survey, telephone interview allows for a quicker completion of 

the questioning. However, the limitation of telephone interview preclude it from being used in 
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this study. Emroy and Cooper (1991) identify the limit on interview length as one of the 

drawbacks of such approach. It is unlikely to question the respondents with complex scales in 

telephone interview. The questionnaire designed for this research comprises of a large number 

of question items, which is impractical to ask for answers to all of them on telephone.  

Postal surveys is less time-consuming compared to interviews, which rarely takes less than half 

an hour. Besides, the cost of postal survey is typically lower than face-to-face interviews with 

sample members, especially when they are geographically dispersed (Easterby-Smith et al., 

2008). However, it requires postage and the fee of envelopes. Another drawback of such 

method is very low response rate without personal contact with the respondents. It is generally 

believed that the respondents are reluctant to answer a long and complex mail questionnaire 

(Emroy and Cooper, 1991). The researchers may receive returned postal questionnaires with 

many questions left blank.  

According to above analysis of various means to distribute questionnaire, online survey is 

adopted in this study. Wenjuanxing is a widely used questionnaire platform in China. It is a 

Chinese website platform which provides a tool for creating online questionnaire. Firstly, it is 

free for all users. Secondly, it does not limit the amount of questions and respondents. The data 

collection of firm managers in Beijing Zhongguancun science parks would take one month. 

The link of questionnaire will be shared in WeChat groups of managers of science park firms 

every week. WeChat is a mobile instant messaging service, developed by Tencent Holdings Ltd 

in 2011, which is the biggest social media company in China. WeChat is the most widely used 

social networking service in China, which has more than 1 billion users. Its broad coverage 

makes it easier to get access to almost all of firm managers on science parks. Four waves of 

data collection will be conducted towards firms on Zhongguancun Science Park. A market 

research company is considered to be used for distributing the questionnaire to firm managers 
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on Shanghai Zhangjiang Science Park by email. The company is responsible for sending out 

the questionnaire the researcher provides to target respondents. The ethics of research has been 

approved by relevant committee. In order to ensure the quality of data, unengaged responses 

and responses that take very short time to finish will be screened out. Some tests will be 

undertaken to ensure the reliability of dataset, which are justified in the following. 

3.5.5 Validation of measurement model  

According to Joreskog (1974), “many investigations are to some extent both exploratory and 

confirmatory, since they involve some variables of known and other variables of unknown 

composition”. EFA is generally employed in the early phase of scale development, while CFA 

is employed when the factor model has been specified on the basis of concepts and theories 

(Chen et al., 2012). EFA is conducted with no previous identification with regard to the number 

of constructs and the indicator-factor relationship. EFA is an exploratory or descriptive to 

identify the number of factors, and to determine reasonable indictors for measuring various 

latent variables. EFA reduce the number of observed variables into a smaller number of latent 

factors by examining the covariation among the observed variables (Schreiber et al., 2006). A 

CFA model is usually established on prior exploratory studies that have identified the correct 

pattern of item-factor relationship (Hoyle, 2012). CFA allows the examination of higher-order 

factors, which can explain correlation between lower-order factors. 

3.5.5.1 Exploratory factor analysis   

Factor analysis allows the covariances between a series of indicators to be explained by a few 

underlying latent variables (Hox and Bechger, 1998). Exploratory factor analysis (EFA) has 

long been used for exploring the structure of a set of variables. On the one hand, 

unidimensionality is tested to determine whether a set of indicators reflect only a single 

underlying factor or not (Segars, 1997). Three criteria are applied to measure unidimensionality, 
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including factor loading, eigenvalue of subscale, and variance of the items extracted in 

commonality. On the other hand, cross-loading issues will be solved as it results in the problem 

of factor intercorrelations (Worthington and Whittaker, 2006). The items that do not measure a 

priori factor or strongly load on multiple factors will be dropped. Moreover, the author also 

tests Cronbach’s alpha to measure the reliability of subscale (Cronbach, 1951). The constructs 

that fail to reach targeted alpha value will be removed. Cronbach’s Alpha is the most common 

measure for assessing the reliability of a construct, which refers to internal consistency of a set 

of items (Cronbach, 1951). High alpha suggests the set of items are highly correlated while low 

score suggests the sample of items fail to capture the construct. The value above 0.70 is 

considered as an acceptable threshold for composite reliability, with reliability of each indicator 

higher than 0.50 (Shook et al., 2004). 

At the preliminary stages of analysis, EFA is a statistical tool to reduce data to a small number 

of factors by combining the highly correlated items into the same factor (Rubio et al., 2001). It 

helps to determine the key dimensions of interest and identify poor-quality indicators. The 

factors are “used as variables in data analyses by generating composite scores with the items 

that measure each factor”. They are latent variables that account for the variation and 

covariation among a series of observed variables (Hoyle, 2012). The observed variables are 

influenced by a common underlying construct. The relationships among latent variables and 

indicators as well as the number of latent variables are not specified. EFA estimate the number 

of factors and factor loadings. However, EFA is criticised by Rubio et al. (2001) as correlation 

between variables may exist for reasons in addition to serving as measures of the same concept. 

EFA is unable to test models with higher-order factors because correlation between factors 

could be explained in two ways. SEM allows researchers to conduct confirmatory factor 

analysis (CFA) which enables analysis of higher order factors. Higher-order constructs account 

for correlation between lower-order factors.  
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3.5.5.2 Confirmatory factor analysis  

CFA provides a parsimonious way to estimate the covariation among a range of observed 

measures. Hoyle (2012) regard each indicator as a linear function of one or more common 

factors and one unique factor. CFA provides a more rigorous approach compared with EFA. 

CFA assesses construct validity based on chi-square test and other fit indexes. CFA deals with 

the measurement model specifically, which specifies the relations between observed variables 

and latent variables (Hoyle, 2012). In CFA, specification is made with regard to the number of 

factors and relationship between observed measures and factors. CFA hinges on a strong 

empirical or theoretical basis that guides the specification of the hypothesized model. CFA 

contributes to the development of a model in several ways. It plays an indispensable role in 

construct validation (Tompson, 2004). It verifies the convergent and discriminant validity of 

latent variables. CFA also compensate the limitation of EFA by specifying correlated errors. In 

EFA, the correlated errors that is not explained by latent variables may be manifested as 

additional factors. CFA is a precursor to structural model that specifies how various constructs 

are related to one another. It is critical to ascertain that the measurement model is acceptable 

prior to estimation and evaluation of structural relationships among various factors (Marsh et 

al., 1988). It is more likely that poor fit of model is owing to misspecifications in measurement 

component than in structural model.  

Hoyle (2012) summarises that a measurement model might be misspecified in three ways. 

Incorrect design of the item-factor relationships is a major source of misspecification of CFA 

model (Yang-Wallentin et al., 2010). This occurs when the indicator was specified to load on 

the wrong factor; the indicator has loadings on more than one factors; and the indicator is not 

related to any factor. The model fit can be seriously affected by only one misspecified item-

factor relationship. The researcher needs to modify the item-factor relationship or remove the 
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bad item from the model in order to obtain an acceptable model. Another source of 

misspecification is the incorrect number of constructs specified. Overfactoring occurs when 

factors are highly correlated. The remedy is either to collapse factors or drop a redundant factor. 

Underfactoring is reflected by the CFA model’s failing to adequately reproduce the observed 

relationships among the indicators. Hoyle (2012) identify the relationships among the indicator 

residual variances as the source of CFA model misspecification. The correlated errors that are 

not due to latent variables result from exogenous common causes, including similarly worded 

and reverse-worded items, response set, reading difficulty etc.  

Construct validity 

Construct validity represents the ability of indicators to measure constructs. It reflects the 

notion of convergence, which indicates the degree to which items chosen measure the factors 

they are hypothesised to measure as well as discrimination between those items and items of a 

different factor (Schimitt, 2011). In order words, construct validity could be achieved when 

multiple indicators of the same construct are highly correlated and not relate highly with 

indicators of other constructs. Convergent validity indicates high correlations between items 

measuring the same construct (Chuchill, 1979). Construct validity reflects convergent validity 

and discriminant validity of theoretical constructs. In this study, average variance extracted 

(AVE) value and composite reliability (CR) value will be used to assess convergent validity of 

first-order constructs. Discriminant validity indicates “low correlations between the measure 

of interest and other measures that are supposedly not measuring the same variable or concept” 

(Heeler and Ray 1972, p.362). This study uses two criteria to assess discriminant validity, (i) 

inter-correlation value and (ii) AVE value should be higher than square of inter-correlation 

value among constructs.  

Second-order factor model  
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Second-order constructs are examined to test whether they can explain the covariances among 

first-order constructs (Marsh and Hocevar, 1985). Target coefficient is the index that is used 

for validating second-order factor model, which reflects the ratio of chi-square of first-order 

factor model to chi-square of second-order factor model. Higher-order models can relate the 

observed indicators to first-order constructs that can then be related to their higher-order 

constructs (Koufteros et al., 2009). A set of first-order factors can be represented by a single 

common underlying second-order construct. Second-order constructs account for the 

relationships between first-order variables that are measured by multiple indicators (Chen et 

al., 2005). For one thing, the feasibility of a second-order model depends on substantially 

correlated first-order variables. For another, it is practical when the relationships between first-

order variables could be accounted for by one second-order construct. Compared with bundling 

all measures together in a single composite score, second-order models allow the researchers 

to examine the contribution of each first-order factor to the final scale score. Path coefficients 

enable researchers to estimate and evaluate both substantive and statistical contributions of 

each lower-order factor.  

Higher-order models can deal with the issues related to “bloated specifics” factors, referring to 

factors that are composed of a narrow content span of items (Marsh and Hocevar, 1988). In 

order to meet unidimensional criteria of multiple items, the researchers often formulate items 

that more or less restate each other. Even though these items can satisfy unidimensionality 

concerns and meet reliability criteria, it is inevitable that their theoretical contribution and 

explanatory power are diminished. The content domain of such factors are too narrow to define 

concepts or constructs of multi-dimensional nature. Koufteros et al. (2009) treat such lower-

order variables as “building blocks” of higher-order variables. They can be defined as facets of 

the higher-order variables.  Higher-order constructs can embrace the meanings of various 

lower-order factors.  
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Chen et al. (2005) discuss that higher-order modelling provides the researcher with a more 

interpretable and parsimonious model compared with first-order models with several related 

factors. In comparison to first-order models, higher-order models have some advantages over 

them. First of all, higher-order models provide a more parsimonious method to interpret 

sophisticated measurement structures (Marsh and Hocevar, 1988). They allow the researchers 

to explain the covariance between first-order variables in a more simplified way. In addition, 

higher-order models enable the theoretically error-free estimates of specific factors by 

separating variance from measurement error. It is able to identify variance of each first-order 

variable.  

Model fit 

The evaluation of model fit is concerned with whether the hypothesized model provides an 

acceptable account of the observed data (Hoyle, 2012). This step is to measure the discrepancy 

between observed and estimated covariance matrix. Absolute fit indexes evaluate the degree to 

which the proposed model reproduces the sample data, including measures such as chi-square 

(x), GFI (Goodness-of-Fit Index), RMSEA (root mean squared error of approximation), and 

SRMR (root mean squared residual) (Hooper et al., 2008). Incremental fit indexes determine 

the degree of improvement when compare the proposed model with a more restricted, nested 

baseline model (Kenny, 2015; Marsh et al., 1996). These include measures such as CFI 

(Comparative Fit Index), NFI (Normed Fit Index), and NNFI (Nornormed Fit Index), TLI, 

(Tucker-Lewis Index), and AGFI (adjusted goodness of fit index).  

Gerbing and Anderson (1993) discuss that an ideal fit index meets three expectations: is 

sample-size independent; confined to a precise range between 0 and 1, with 1 indicating perfect 

fit while 0 indicating complete lack of fit; has known distributional properties to assist 

interpretation. No single index meets all the criteria. The core of the model analysis is to test 
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the coefficients of hypothesised relationships as well as whether the hypothesised model fit the 

observed data well. Schreiber et al. (2006) suggest that RMSEA, TLI, CFI not only have a 

confined range of acceptable score, but also work well with different sample size, and different 

types of data. Bagizzu and Yi (2002) identify the widely recognised fit indexes. RMSEA is the 

average amount of misfit for a model per degree of freedom; CFI indicates relatively 

noncentrality between the specified model and the null model; SRMR is the square root of the 

average squared residuals. CFI, NNFI, RMSEA and SRMR will be used to assess fitness of 

structural model in this study. Hu and Bentler (1998) argue that relying on two indexes (CFI 

and RMSEA) is adequate for assessing model fit. 

There has been growing interest in how measures of fit are affected by sample size and number 

of variables. Kenny et al. (2003) examine the effects of number of variables on model fit, which 

refer to number of observed variables rather than latent variables. Their results suggest that in 

correctly specified models, RMSEA tends to increase as more variables are added to the model. 

They find negative relationship between the number of variables and the measures of CFI and 

TLI. The value of CFI and TLI seem to decline as the number of indicators increase. That is to 

say, CFI and TLI get worse in models with a large number of variables. The authors suggest 

that if CFI and TLI values of models with many variables are slightly less than expected, but 

RMSEA seems satisfactory, it is not a big concern. However, the model is truly poor with both 

poor CFI or TLI and poor RMSEA. The study of Fan et al. (1999) explore how model is 

influenced by sample size, estimation methods and model misspecificiton. The authors believe 

that the variation of an ideal index contributed by sample size and estimation methods should 

be as small as possible. Conversely, model misspecification should be the major contributor to 

an index’s variation. Their results show that RMSEA, CFI and NNFI are indexes that are 

minimally affected by sample size. GFI and AGFI exhibit worse performances because sample 

size contributes to over 10% variation of them. Secondly, GFI, AGFI, and RMSEA are indexes 
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that are not highly influenced by estimation methods. Thirdly, RMSEA is good choice for 

researchers desires indexes that are sensitive to model misspecification.  

Table 3.1 Recommended value for acceptable model fit  

Measures of fit Statistics measures Recommended values for 

acceptable model fit 

Absolute Chi-square test NA 

 Root mean square error of approximation 

(RMSEA) 

≤0.08 

 Standardised root mean square residual 

(SRMR) 

≤0.10 

Incremental Tucker-Lewis index (TLI) ≥0.90 

 Normed Fit Index (NFI) ≥0.90 

 Comparative fit index (CFI) ≥0.90 

Parsimonious Normed 2 (2/d.f.) ≤3.0 

 

3.5.6 Test of structural model 

After the confirmation of the measurement model, two structural models proposed in Chapter 

4 will be tested, which is the final phase of validation of hypothesised models. The overall 

fitness of the two models will be examined. Both absolute fit indices (RMSEA) and incremental 

fit indices (NNFI and CFI) will be used for measuring model fit. The rule-of-thumb for fitness 

measures are CFI>0.90, NNFI>0.90, RMSEA<0.08, and SRMR<0.010. Hypotheses proposed 

in the theoretical model will also be tested to check whether they are supported by survey data. 

Furthermore, mediation effect of innovation capabilities between ESPCN and financial 

performance will be examined. The approach developed by Sarkis et al. (2010) will be applied 

to measuring of mediation effect. Steps of conducting test of mediation effect will be detailed 

in Chapter 5.  
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Since the emergence of the first SEM software in 1974 (i.e. LISREL), there has been an 

increasing tendency to develop alternative SEM programs and improve their functionality 

(Hoyle, 2012). Now researchers have a series of choices of SEM software programs, including 

LISREL, Amos, Mplus, EQS, etc. Even though they share lots of similar features and functions, 

they are distinct in various ways. The major advantage of Amos over other programs is that 

you can create a path diagram to graphically demonstrate a SEM model through using simple 

drawing tools provided by Amos Graphics. Hoyle (2012) stress the broad range of 

bootstrapping capabilities of Amos, which facilitate beginners to manipulate the software 

package. The users’ choice of approach to structuring model input depends on their preference 

to work within a graphical or a text-format framework (Hair et al., 2014). Amos is more 

appropriate for the researchers who prefer to work graphically rather than textually and do not 

have a solid understanding of SEM. LISREL, Mplus, and EQS are more suitable for the 

researchers who are more skilled and experienced in application of SEM analysis. Compared 

with other types of programs, Amos is more suitable for PhD candidates who test a SEM model 

for the first time. 

3.6 CONCLUSION 

This chapter clarifies research methods and research design employed by this research. It 

justifies the reasons for selection of survey as research strategy and selection of questionnaire 

as data collection method in this study. Besides, this chapter also demonstrates how to develop 

the measurement model and validate the structural model step by step. Structural equation 

modeling is the major approach applied to analysis of sample data collected from firms located 

on science parks in Beijing and Shanghai. This study adopts two statistics software packages 

to development of theoretical model. SPSS 23 will be used for undertaking exploratory factor 

analysis (EFA). Amos 26 will be adopted to examine the validity of measurement model 

through confirmatory factor analysis (CFA). It is also used to validate the structural model.  
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CHAPTER 4 CONCEPTURAL FRAMEWORK AND 

HYPOTHESES DEVELOPMENT  

4.1 INTRODUCTION 

This chapter firstly justifies three theories that underlie this study, including resource-based 

view (RBV), knowledge-based view (KBV), and dynamic capabilities. Resource-based view 

(RBV) indicates that firms can create competitive advantage with valuable, rare, non-imitable 

and non-substitutable resources and capabilities. Science park ecosystem can be seen as a 

bundle of resources that mitigates resource deficiencies of affiliated firms. Knowledge-based 

view (KBV) regards knowledge as the source of competitiveness. Proximity to diverse science 

park actors makes it easier for tenants to access knowledge or information required in their 

innovative activities. (Grant, 1996; Kogut and Zander, 1992). However, RBV theory is 

criticised for its static nature and it fails to explain how to integrate resources to cope with fast-

changing environment (Kraaijenbrink et al., 2010; Wang and Ahmed, 2007). Dynamic 

capabilities is associated with firms’ ability to integrate and reconfigure external and internal 

resources to address dynamic environment (Teece et al, 1997). Dynamic capabilities approach 

overcomes the limitation associated with RBV theory and it puts emphasis on how firms deploy 

resources to adapt to rapid changes in business environment.  

In order to fill in the gap identified in science park literature, this chapter develops two 

conceptual models which aims to explore the impacts of science park ecosystem on tenant 

firms. One model focuses on the overall impacts of “engagement in science park collaborative 

network” (ESPCN) on tenant firms. ESPCN impacts on tenants will be assessed in terms of 

tenants’ innovation capabilities and financial performance. The other model examines the 

effects of four dimensions of ESPCN separately. Four dimensions of ESPCN reflect tenant 
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firms’ relationship with four types of science park actors identified in literature review chapter. 

Four dimensions of innovation capabilities are proposed based on the literature review of 

innovation capabilities. Question items of the two multi-dimensional constructs are generated 

on the basis of measures adopted by previous studies. In addition, the hypotheses are proposed 

in terms of the relationships between constructs in the conceptual models.  

4.2 UNDERLYING THEORIES 

Resource-based view (RBV) theory comes up with a framework that addresses how firms 

achieve and sustain competitive advantage (Wernerfelt, 1984; Barney, 1991). RBV posits that 

sustainable competitive advantages depends on valuable, rare, inimitable and non-substitutable 

firm resources (Barney, 1991). Knowledge-based theory provides a basis for analyzing 

knowledge diffusion and sharing within science park ecosystem (Grant, 1996; Kogut and 

Zander, 1992). They can get quick access to suitable knowledge by developing linkages with 

actors on science parks. Dynamic capabilities approach is an extension of RBV theory. RBV is 

a static theory and inadequate to explain how firms maintain competitive advantage in dynamic 

environment (Teece et al., 1997; Kim et al., 2015; Eisenhardt and Martin, 2000; Wang and 

Ahmed, 2007). Dynamic capabilities approach enhances RBV by justifying how firms integrate 

internal and external resources and competences to deal with rapid and unpredictable changes 

in markets (Teece et al., 1997; Eisenhardt and Martin, 2000). Dynamic capabilities is critical 

for technology-based firms operate in high-velocity markets to survive and grow. Science parks 

provide assistance for resident firms in addressing rapid environmental changes. Resident firms 

are supposed to synthesise and recombine their internal resources and external resources to 

cope with dynamic environment. 

4.2.1 Resource-based view (RBV) 

This study draws on resource-based view (RBV), which views companies as a bundle of 
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resources or capabilities that contribute to the creation of competitive advantage (Barney, 1991). 

RBV is one of the most influential theories in the field of strategic management. RBV regards 

firm-specific resources and capabilities as the critical determinant of competitive advantage of 

firms (Wernerfelt, 1984; Teece, 1997). In the science park context, RBV implies that the 

environment of science parks provides a resource base necessary for the success of resident 

firms. Science parks allow firms to mitigate deficiencies in resources. This study explores how 

firms maintain competitive position through exploiting resources provided by science park 

ecosystem. From the resource-based perspective, each firm is a bundle of resources. It is 

difficult to develop new competencies rapidly for firms as business development process is 

complex. Penrose (1959) first provided insights into the resource-perspective of companies. A 

broad range of resources can be applied to studying companies. Wernerfelt (1984) put forward 

the concept of resource-based view (RBV). His work in terms of resources. He introduced the 

idea that resources can be considered as the source of competitive advantage. The seminal work 

of Barney (1991) popularise RBV concept by proposing VRIN framework. It posits that firms 

with valuable, rare, inimitable and non-substitutable resources can create sustainable 

competitive advantage. Firm resources with these four features allow firms to achieve superior 

performance and sustain competitiveness in the market. Barney define resources as “all assets, 

capabilities, organisational processes, firm attributes, information, knowledge, etc. controlled 

by a firm (Barney, 1991).”, which enable firms to execute strategies that enhance efficiency. 

Firms that implement value-creating strategies that are rarely implemented by rivals and 

difficult for rivals to imitate can deliver sustained competitive advantage.  

According to RBV theory, science park ecosystem can be seen as a bundle of resources or 

capabilities, which are valuable and difficult to imitate and enables science park firms to 

achieve a competitive advantage (Barney, 1991). Firms that can better exploit the resources 

provided by science parks is expected to achieve superior performance. Considering rapid 
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changes of markets and technology, it is difficult for firms to possess all resources or develop 

all capabilities required for innovative activities. Science park ecosystem can be seen as 

resource network that mitigate resource deficiencies of affiliated firms. Co-localisation of firms 

and institutions is associated with easy access to appropriate resources in the vicinity (Maskell, 

2001) 

Resources and capabilities are at the heart of firms’ competitive advantage (Peteraf, 1993). 

Imperfect resource mobility and resource heterogeneity across firms underlie competitive 

advantage of firms (Peteraf, 1993). Resources can be classified into three categories, including 

tangible resources, intangible resources and personnel-based resources (Grant, 1996). Tangible 

resources encompass financial resources and physical capital such as land, factories, and 

equipment; intangible resources include knowledge, information, reputation etc; personnel-

based resources entail organisational culture, employee loyalty, technical know-how, etc. 

Barney (1991) categorises resources into human capital, physical capital and organizational 

capital.   

4.2.2 Knowledge-based view (KBV) 

Knowledge-based view regards knowledge as valuable resources that create and sustain 

competitive advantage (Caloghirou et al., 2004). Caloghirou et al. (2004) regard interaction as 

the key to acquisition and production of new knowledge. Firms can interact with various actors 

to get access to knowledge beyond their boundaries. Increasing variability and complexity of 

markets and technology stimulates firms to seek and develop relationships with external 

partners. Knowledge-based view facilitates the analysis of how science park ecosystem 

contributes to firms’ achievement. More and more companies seek to develop relationships 

with external actors to access knowledge and resources beyond their boundaries (Grant and 

Baden-Fuller, 2004). Knowledge-based theory provides a basis for exploring how science park 
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network influences tenant firms. This study provides insights into the effectiveness of science 

park network in promoting the growth of resident firms.  

Science parks allow firms to get quick access to state-of-the-art information and knowledge 

about markets and technology. Knowledge-based theory views firms as dynamic and evolving 

system of knowledge creation (Spender, 1996). External flows of knowledge are opportunities 

for firms to existing knowledge base and produce new knowledge (Aranda and Molina-

Fernandez, 2002). Geographical proximity between firms and institutions facilitates 

knowledge spillover and interactive learning that is critical to innovation (Malmberg and 

Maskell, 2002). The combination of diverse and specialised knowledge is required for 

developing innovations. Considering increasing knowledge intensity of business sector, 

knowledge-based view is applied to this study. Knowledge-based perspective considers 

knowledge as the key resources of companies. The idea of Grant (1996)’s work is that firms 

can be seen as a body of knowledge. Market and technology knowledge are critical for firms 

in knowledge-intensive sectors. It is likely that small firms lack information-gathering and 

processing capabilities (Spender, 1996). 

Knowledge acquired from different actors involved in science park ecosystem allows firms to 

create new knowledge, which provides a basis for achieving innovation success. The 

concentration of firms and institutions allows tenant firms to gain easier access to knowledge 

and technology required by their R&D or innovative activities. By developing linkages with 

different science park actors, firms are able to absorb new knowledge and apply it to their own 

use. Recombination of existing knowledge base and external sources of knowledge leads to 

creation of difficult-to-imitate knowledge, which contributes to achievement of sustainable 

competitive advantage. Kogut and Zander (1992) provide a foundation for knowledge-based 

theory by putting an emphasis on knowledge as a source of competitive advantage. Knowledge 
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stock of firms leads to development of capabilities that improves possibility of survival and 

growth. Kogut and Zander (1992) argued that creation of new knowledge strengthens 

competitive position of firms. New knowledge is recombination of current stock of knowledge 

and incremental learning. Some studies provide a distinction between tacit knowledge and 

explicit knowledge (Grant, 1996; Kogut and Zander, 1992). Tacit knowledge cannot be 

transferred directly while explicit knowledge can be easily communicated and articulated 

(Grant, 1996). Tacit knowledge (know-how) is slow to transfer and costly to duplicate. The 

transfer of tacit knowledge is relatively slow and costly. Knowledge is crucial input in 

production and source of advantage. Knowledge is embedded in processes, procedures, and 

rules of firms (March, 1991).  

Knowledge-based resources play a crucial role in creating sustained competitive advantage due 

to their inherently difficult-to-imitate nature (Wiklund and Shepherd, 2003). Knowledge has 

the greatest potential to create sustainable competitive advantage owing to its immobility. 

Knowledge allows firms to predict and respond to environmental changes more accurately. 

Knowledge-based resources facilitate sustainable differentiation as it is difficult to imitate, 

articulate and transfer (Wiklund and Shepherd, 2003). Co-location with various actors within 

science parks enables tenants to access market and technological knowledge quickly, which 

enhance firms’ ability to identify and exploit new opportunities (Wiklund and Shepherd, 2003). 

Diverse knowledge sources improve firms’ ability to identify and exploit new opportunities. 

Firms are able to capture market opportunities and respond rapidly to advancements made by 

rivals (Cohen and Levinthal, 1990). Knowledge acquired from external actors makes it easier 

to assess market value of new products or services (Wiklund and Shepherd, 2003). New 

knowledge can be associated with technological breakthroughs. Although firms do not possess 

considerable knowledge-based resources, they can discover, assess and respond to potential 

opportunities quickly with the assistance of science parks.  
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4.2.3 Dynamic capabilities 

Science park firms that compete in dynamic environment require a paradigm beyond RBV. 

Dynamic capabilities allow firms to adapt, recombine and integrate their internal and external 

resources and capabilities to align with the dynamic markets (Teece et al., 1997). Development 

of network with external actors is dynamic capability that is difficult to imitate. It involves the 

integration and recombination of external and internal resources and competencies to create a 

competitive advantage in dynamic environment.  

RBV theory is static and unable to explain how technology-based firms on science parks 

respond to fast changes in markets and technology. Dynamic capabilities approach allows the 

researcher to explore how science park firms integrate external resources into their operational 

processes to adapt to dynamic environment. Technology-based firms operate in dynamic 

business environment, which stimulates them to interact with different external actors. Science 

parks function as growth poles that help resident firms deal with rapid technology 

developments and unpredictable market trends. Long-term competitive advantage of tenant 

firms depends on not only their internal resources and capabilities but also their ability to 

exploit external resources provided by science park. They need to integrate internal and 

external resources to address environmental changes and maintain long-term survival. Real-

time information provided by actors in science park ecosystem allows firms to quickly identify 

and adapt to market changes or technology developments (Eisenhardt and Martin, 2000).  

In the field of strategic management, how to obtain and sustain competitiveness is a critical 

issue for firms. RBV is criticised for being static and unable to address how to integrate 

resources to cope with market dynamism (Kraaijenbrink et al., 2010; Wang and Ahmed, 2007). 

Since the 1990s, the fast-changing business environment has challenged RBV theory which 

fails to address market dynamics. The static nature of RBV theory results in failure to explain 
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competitive advantage in highly dynamic environment. Kim et al. (2015) argue that it is 

essential to go beyond resource-based perspective to justify competitive advantage. Teece et al. 

(1997) develop a dynamic capabilities approach to safeguarding competitive advantage of 

firms in rapidly changing environment. It takes market dynamism and firm evolution into 

consideration (Wang and Ahmed, 2007). Dynamic capabilities are defined as a firm’s ability to 

“integrate, build and reconfigure internal and external competences to address rapidly changing 

environments (Teece et al., 1997).”  

Tenant firms can integrate external resources obtained from relationships with different science 

park actors and their internal resources and capabilities to address dynamic environment. 

Dynamic capabilities approach links firms’ resource and capabilities with external environment, 

which is seen as the extension of resource-based perspective (Barreto, 2010). An evolutionary 

economics perspective is applied to addressing fast-changing environment. They emphasise 

firms’ ability to defend their competitive position in environments of rapid change. RBV views 

firm-specific capabilities and assets as the source of competitive advantage. Dynamic 

capabilities approach stresses newer sources of competitive advantage beyond traditional 

boundaries of strategy (Teece et al., 1997). It focuses on the integration of internal and external 

resources for creation of defensive market position. It justifies how to develop, integrate and 

recombine difficult-to-imitate managerial, operational and technological skills to deal with 

shifting environment.   

This approach stresses the ability to renew and reconfigure management capabilities, 

organisational skills and technological assets to address fast-changing environment (Teece et 

al., 1997). It offers insights into how firms develop their capacity to adapt to rapid technology 

developments and unpredictable market trends. It reflects firms’ capability to identify new or 

innovative sources of competitive advantage, which is difficult to imitate. Easy imitation 
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indicates quick dissipation of competitive advantage. The more tacit knowledge the firm 

possess, the more difficult it is to imitate by its rivals. Teece et al. (1997) identify three 

categories of determining factors for dynamic capabilities, including processes, positions and 

paths. Integration of external knowledge and resources is critical for creation of strategic 

advantage. Managerial and organizational processes shaped by asset position and evolutionary 

path is the essence of dynamic capabilities of firms.  

Dynamic capabilities involve a firm’s ability to identify possible technological change, as well 

as its ability to cope with changes through innovation (Rothaermel and Hess, 2007). Teece et 

al. (1997) regard dynamic capabilities as the heart of firms’ ability to innovate. Eisenhardt and 

Martin (2000, p.1107) define dynamic capabilities as firms’ ability to integrate and reconfigure 

resources and competences to adapt to or even create market changes. It highlights the 

importance of achieving new resource configurations in addressing rapidly changing markets 

(Eisenhardt and Martin, 2000). Firms’ ability to create situation-specific new knowledge is 

important in high-velocity environment. Dynamic capabilities approach put an emphasis on 

accessing outside knowledge or resources to gain superior firm performance (Eisenhardt and 

Martin, 2000). In-house R&D is not enough for firms to able technological development 

(Rothaermel and Hess, 2007). Powells (1996) posit that innovation success depends on not 

only R&D activities within organizational boundaries, but also a network of interactive 

learning composed of both external and internal actors.  

4.2.4 Links to the study 

In summary, RBV theory indicates that accessing strategic resources is major factor that drives 

creation and development of competitive advantage (Barney, 1991). Interaction and 

networking with other science park actors improves tenants’ accessibility to scarce resources 

that they might be short of internally. Science park collaborative network offers a means for 
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dealing with such limitation (Najafi-Tavani et al., 2018). In order to expand their resource base 

and strengthen their internal capabilities, firms seek to explore and search essential resources 

beyond the organizational boundaries. Collaboration with diverse science park actors enables 

firms to increase firm-specific resources and capabilities, thereby improving competitive 

position. Rare, valuable and difficult-to-imitate nature of relationship-specific assets allow 

firms to improve competitiveness.  

As RBV theory suggested, strategic resources are drivers for reaching a sustained market 

advantage. One of strategic resources is knowledge. Knowledge-based view (KBV) provides a 

basis for studying knowledge-based firms on science parks. Knowledge and resources 

necessary for innovative activities are not always available inside the companies. Co-location 

with diverse entities on science parks allows firms to obtain easy access to market and 

technological knowledge. Firms can quickly identify and exploit new opportunities to adapt to 

rapid changes in business environment.  

Teece and Pisano (1994) define dynamic capabilities as the “subset of capabilities which allow 

the firm to create new products and processes and respond to changing market circumstances”. 

As a major mechanism for business growth and renewal, innovation is central to dynamic 

capabilities theory. Innovation is a critical factor for firms’ survival and evolution. Innovation 

capability is a key component of dynamic capabilities, which underpins firms’ ability to 

recombine and renew its resources in line with external changes (Wang and Ahmed, 2007).. 

Nevertheless, firms cannot create and develop all resources and knowledge that are critical for 

innovation improvement. Another component of dynamic capabilities is adaptive capability, 

dealing with firms’ weaknesses in resources and knowledge (Wang and Ahmed, 2007). It 

stresses the importance of combination of external knowledge with internal knowledge to adapt 

to environmental changes Firms can take in knowledge from science park collaboration 
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network and exploit it for internal use.  

4.3 CONCEPTUAL FRAMEWORK 

This study examines how benefits derived from inter-organisational interactions can be 

channeled to enhance innovation capabilities and financial outcomes of firms. Firstly, three 

underlying theories have been identified, which are resource-based view, knowledge-based 

view, and dynamic capabilities. Secondly, four components of “engagement in science park 

collaborative network” (ESPCN) construct, including academic-industry collaboration, inter-

firm collaboration, interaction with technology intermediaries, and interaction with financial 

intermediaries. This construct refers to tenant firms’ network relationships with four different 

types of organisations or instititions that are involved in science park ecosystem. Both overall 

effects of ESPCN and its individual dimensions are expected to exert positive impacts on 

innovation capabilities and financia performance of science park firms. The next part shows 

that innovation capabilities of firms consist of organizational learning, idea generation, product 

and process development capabilities.  
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Figure 4.1. Conceptual framework 
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4.1.1 Engagement in science park collaborative network 

4.1.1.1 Academic-industry collaboration 

Science parks are designed and created for stimulating interactions between academic 

institutions and commercial enterprises (UKSPA, 2019; IASP; 2019). Academic institutions, 

including higher education institutions and research institutions, are ideal partners for 

commercial enterprises to sustain competitive advantage in the market (Petruzelli, 2011). There 

is a tendency that universities pursue a “third mission”, which is to develop connections 

industrial sector (Etzkowitz and Leydesdorff, 2000). They can provide direct support in terms 

of idea generation, technology development and problem-solving (Perkmann and Walsh, 2009; 

D’Este and Perkmann, 2011). They are key sources of high-skilled scientists and researchers, 

which provide ideas or expertise for technological development of firms (Bishop et al., 2011). 

They are key providers of the latest scientific and technological knowledge, which facilitate 

businesses to make innovative breakthroughs. Close links with academics is an effective way 

to facilitate industrial sector’s technological upgrading (Arza, 2010). Linkages with academia 

help firms explore the unknown territory. Firms can collaborate with academics to create new 

knowledge and cope with technological bottleneck (Lee, 2000). Academics can provide 

assistance in problem-solving, which is a major contribution of academic partners to R&D 

activities of businesses. Academic-industry relationships help firms explore new avenues of 

innovation and accelerate innovation process (George et al., 2002). 

4.1.1.2 Inter-firm collaboration 

Science parks provide a favourable environment for knowledge sharing and technology flow 
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between innovation-based firms (Parker, 2010; Gwebu et al, 2018). Geographical proximity 

allows for interpersonal, face-to-face and frequent linkages, which is conducive to the creation 

of collective learning milieu (Rodriguez-Pose and Hardy, 2014). Business network mitigates 

firms’ deficiencies in resources. Firms can get access to complementary knowledge, skills and 

resources through inter-firm network (Lin and Lin, 2016). They can capture information about 

emerging market demands and state-of-the-art of the markets more quickly (Song et al., 2016). 

Synergies in R&D, managerial, production and managerial systems enhance their ability to 

develop innovative products (Tomlinson, 2010). Joint problem-solving speed ups innovation 

process and maximises process efficiency (Lin and Lin, 2016). Process integration generates 

synergy effects (Goes and Park, 1997). Firms can get insights into improvement of product 

quality, process efficiency and cost reduction (Un and Asakawa, 2014). It is believed that inter-

firm relationships enable firms to share risk and challenges associated with developing new 

products or expanding into new markets (Najafi-Tavani et al., 2018). Cooperative arrangements 

allow firms to spread the costs and risks.  

4.1.1.3 Interaction with technology intermediaries  

Technology intermediaries work as knowledge brokers between geographically proximate 

actors (Lin et al., 2016). They contribute to the creation of collective learning region by linking 

different organizations involved in innovation ecosystem of science parks (Cooke et al., 1997). 

They diffuse and disseminate knowledge or technology, as well as distribute technical and 

institutional resources within science park ecosystem (Lin et al., 2016). The search function of 

intermediaries provide assistance in identification of suitable knowledge, technology, talents, 
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and partners. Their role in facilitating linkages between different actors within innovation 

system has been extensively discussed in previous studies (Inkinen and Suorsa, 2010; Lin et 

al., 2016; Parker and Hine, 2014). They help clients overcome barriers arising from negotiation 

involved in technology transfer process (Parker and Hine, 2014). Close ties with intermediaries 

allow firms to improve the efficiency and flexibility of innovation process, as well as mitigate 

inefficiencies of technology markets (Knockaert and Spithoven, 2014; Goes and Park, 1997). 

Not limited to facilitating networking and collaboration, technology intermediaries also 

provide direct services that support tenants’ innovation-related activities. Technology 

intermediaries play a supportive role during various stages of innovation process (Howells, 

2006). Firms that develop network relationships with intermediaries can get access to a wide 

range of services, including training, talent search, technology assessment, intellectual property 

rights protection, technology commercialization, market research etc (Howells, 2006; Lin et 

al., 2016).  

4.1.1.4 Interaction with financial institutions 

Innovation process involves high risk and requires long-term financial investment (Barnir and 

Smith, 2002). Financing issues are of importance for every business, especially technology-

based start-ups. Financial institutions help science park firms cope with risk involved in 

innovation process. As far as we know, the major barrier to innovative activities is to attract or 

secure finance (Freel, 2012). Innovation involves high level of risk and costs. There is a high 

likelihood of innovation induces an unacceptably high perception of risk (Hsu et al., 2014). 

Science park management can act as brokers advising affiliated firms how to gain access to 
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finance from private- and public-sector sources. Various types of capital, including 

governmental funds, venture capital, loans, foundations and project funds, are available to 

support innovation activities within firms. A wide range of financial services are provided by 

science parks, such as technology funding, technology guarantee, technology lease, technology 

credit, online financial services, investment services etc.  

Table 4.1. Measurement items for construct of engagement in science park collaborative 

network (ESPCN)  

Construct Items References 

Academic-

industry 

collaboration 

AIC1 Scientists or students are often involved in our 

R&D projects. 

AIC2 We maintain close ties with universities or 

research institutions to obtain information about the 

latest technological trends. 

AIC3 We have close cooperation with universities 

or research institutions to develop new product 

technologies. 

AIC4 We involve academics actively in product 

development. 

AIC5 We have close cooperation with universities 

or research institutions to solve technical problems. 

AIC6 We have close cooperation with universities 

or research institutions to speed up product 

development process. 

AIC7 We have close cooperation with universities 

or research institutions to generate creative ideas. 

Brettel and Cleven 

(2011); D’Este and 

Patel (2007); 

Schartinger et al. 

(2002); Perkmann 

and Walsh (2007); 

Arza (2010) 

 

 

Inter-firm 

collaboration 

IFC1 We maintain close ties with other tenants on 

science parks. 

Lau et al. (2010); 

Brettel and Cleven 

(2011); Diez-Vial 

and Montoro-

Sanchez (2016); 
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IFC2 We regularly share and exchange information 

about the latest technological trends with other 

tenants. 

IFC3 We regularly cooperate with other tenants to 

develop new product technology. 

IFC4 We regularly cooperate with other tenants to 

solve technical problems. 

IFC5 We regularly cooperate with other tenants to 

speed up product development process.  

Bakouros et al. 

(2002); Narula 

(2004); Carson et 

al. (2003); McEvily 

and Marcus (2005) 

 

Interaction 

with 

technology 

intermediaries  

ITI1 We have close ties with technology 

intermediaries of the science park. 

ITI2 We regularly involve technology intermediaries 

in our innovation process. 

ITI3 We regularly participate in conferences or 

meetings organised by technology intermediaries of 

science park. 

ITI4 We usually find collaborative partners through 

technology intermediaries of science park. 

ITI5 We regularly search talents through technology 

intermediaries of science park. 

ITI6 We regularly use technology assessment 

services provided by technology intermediaries. 

ITI7 We regularly use training services provided by 

technology intermediaries. 

Rush et al. (2007); 

Lichtenthaler and 

Ernst (2008); 

Nilsson and Sia-

Ljungstrom (2003); 

Zhu and Tann 

(2005) 

Interaction 

with financial 

institutions 

IFI1 We have close ties with financial institutions of 

the science park. 

IFI2 We regularly use financing services provided 

by financial institutions on science parks. 

IFI3 We regularly use investment decision-making 

services provided by financial institutions on science 

parks. 

Wonglimpiyarat, 

2016; Smith, 2011; 

Hsu et al., 2014; 

King and  Levine, 

1993 

 



 133 

IFI4 We regularly use capital management services 

provided by financial institutions on science parks. 

IFI5 We regularly use financial information 

consulting services provided by financial 

institutions. 

 

 

4.1.2 Innovation capabilities  

Innovation is a process that put opportunities into practical application (Koc and Ceylan, 2007). 

Innovation is considered as key to the creation of competitive advantage and thereby improving 

performance. It equips firms with flexibility to meet market demands on a sustainable basis 

and thereby enhancing the possibility of long-term survival. DTI (1994) defines innovation as 

“the successful exploitation of new ideas.” It is believed that firms that are better able to exploit 

new ideas superior innovation capabilities (Francis and Bessant, 2005).  Firms with superior 

innovation capability demonstrate better capability to recognize opportunities for profitable 

changes (Francis and Bessant, 2005). Innovation capabilities reflect firms’ ability to transform 

new ideas into new products, processes and services (Lawson and Samson, 2001). Innovation 

capabilities play a vital role in enhancing the chances for survival and growth of firms 

(Frishammar et al., 2012).  

By integrating the previous literature, this study conceptualises innovation capabilities as four 

sub-components: organisational learning, idea generation, product development, process 

development and innovation strategy. First of all, organisational learning is an important source 

of innovative ideas. Second, it is suggested that the companies which are successful innovators 

have a source of creative ideas, and a means to process new ideas. The ability of an organisation 
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to grow is dependent upon its ability to generate new ideas and to exploit them effectively for 

their long-term benefit of the organisation. Innovative ideas can originate from a broad 

spectrum of sources. Besides, many studies on evaluating a firm’s innovation capability believe 

that product development and process development are core processes through which a firm 

converts its innovative ideas or concepts into deliveries to external customers (Chiesa et al., 

1996; Christensen, 1995). Product development is primarily associated with innovative 

functions while process development is recognised as routine-based process improvement 

(Christensen, 1995).dea generation, product development process development can result from 

gradual learning process (Rush et al., 2007).  

4.1.2.1 Organisational learning 

Learning is a key dimension of building technological innovation capabilities (Rush et al., 

2007). A series of studies regard learning capability as one of important components of 

innovation capabilities (Yam et al, 2004; Guan and Ma, 2005; Lawson, 2001). Learning process 

plays an important role in continuous improvement of innovation process. Some authors 

believe that partnering relationships contribute to learning process or firms (Barlow et al., 1998; 

Kale et al., 2000; Perez, 2013). Learning capability depends on exchange process between 

organisations (Lim et al., 2013). Close relationships promote exchange of existing knowledge 

and creation of new knowledge through regular interactions and information sharing (Uzzi, 

1996). Partnership fosters learning as learning is a two-way process (Barlow et al., 1998). 

Collaborative relationships promote flexibility and provide opportunities for learning. Close 

ties with partners allow firms to find out problems and weaknesses quickly as well as identify 
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opportunities for improvement. Partnership provides learning benefits as it involves regular 

meetings with partners. Discussions and dialogue involve the sharing and exchange of 

divergent thoughts, which makes learning more likely to be achieved.  

Organisational learning capability refers to the firms’ capability to identify opportunities for 

improvement as well as to learn from previous experience of successes and failures (Kogut and 

Zander, 1992; Spender, 1996; Calantone et al., 2002). Learning process leads to continuous 

improvement in effectiveness and efficiency. It sustains long-term technology development of 

organisations (Peter, 2012). Organisational learning involves ability to capture knowledge 

about dynamic environment and to identify opportunities to innovate (Duffield and Whitty, 

2015). Firms that are committed to learning are more likely to possess state-of-the-art, which 

is associated with creation of innovative product and processes. It is less likely that they miss 

the opportunities brought by dynamic environment due to their capability to identify market 

demands and technology trends (Calantone et al., 2002). For another, organisational learning 

capability also involves the capability to learn from experience and integrate them into the 

organisations. Learning is a process of experiencing and analysing (Spender, 1996). Firms 

create innovative products or processes through trail-and-error learning process (Kogut and 

Zander, 1992). Innovation can be seen as a “probe and learn” process. Learning organisations 

can identify the strengths and weaknesses of competitors and learn from their successes and 

failures (Calantone et al., 2002).  

4.1.2.2 Idea generation  

In order to keep up with rapid changes of technology trends and market needs, firms need to 
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make more efforts to manage idea generation process (McAdam and McClelland, 2002). Firms 

are motivated to produce new ideas to meet the acceleration of technological advancement 

(Kornish and Hutchison-Krupat, 2017). In order to catch up with the pace of technology 

development, firms need to continuously generate creative ideas to survive. Innovation process 

involves idea generation and transformation of ideas into marketable products or services 

(McAdam and McClelland, 2002).  

Creative ideas provide a basis for creative products (Cooper, 2019). Ideation is usually 

described as “fuzzy front end” of innovation process (Holahan et al., 2014; Cooper, 2019). 

Frequent interactions and knowledge exchange enhance the changes to generate breakthrough 

ideas. innovation starts with ideas (Koc and Ceylan, 2007). Ideas are the main source of 

technological innovation. Idea generation is a key variable of companies’ innovation 

capabilities. Sowrey (1990) argue that a successful product developer is supposed to first 

become a successful idea generator. Knowledge exchange and technology flow is conducive to 

effective idea generation (Koc and Ceylan, 2007). The integration of diverse knowledge and 

skills leads to generation of creative ideas (Cohen and Levinthal, 1990). Science parks are 

external support instruments that serve as an important source of creative ideas. Ideas can be 

defined in different ways in different innovation areas (Drucker, 1985). Ideas might be 

solutions to technical problems, new concepts for product development, new techniques to 

improve operation process, and methods to deal with managerial issues. Kornish and 

Hutchison-Krupat (2017) define ideas as “discrete, or enumerated, descriptions of solutions to 

a problem posed.”  
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4.1.2.3 Product development 

Product development is associated with exploitation of creative ideas (Alegre and Chiva, 2006). 

Intensified global competition and dynamic business environment provide a stimulus for firms 

to engage in product development activities. Firms develop new products to adapt to intense 

competition, rapid market changes and technology development (Lawson and Samson, 2001). 

Product development capability is the lifeblood of firms survive and compete in dynamic 

markets (Slater et al., 2013). Long-term survival and competitive position of firms depends on 

its ability to successfully develop new products and introduce them to the market (Cooper, 

1998). It provides a basis for the development of innovative products or services that 

performance benefits. Well-integrated process of product development allows firms to achieve 

competitiveness in the market (Holahan et al., 2013). Innovative products lead to fast entry into 

the marketplace, which is associated with higher commercial value. Product innovation refers 

to incorporation of new ideas and concepts into products (Un and Asakawa, 2014). It is more 

associated with radical innovation, with incorporation of innovative ideas into products. 

Process innovation refers to “the introduction of a new method of production”, which aims to 

improve quality, features, and production efficiency of products. Process innovation focus more 

on incremental innovation with the objective of cost reduction and efficiency improvement. 

Process innovation tends to improve existing concepts and methods of producing products. 

Creating differentiated products that have more unique benefits than rivals enables firms to 

greater market share and higher profitability (Cooper, 2019). Superior products can better 

satisfy the needs of users, offer features, benefits or attributes that not available in rivals’ 
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products, can be easily perceived (Cooper, 2019). Technologies that improve product 

performance offers a foundation for creating differentiation advantage (Kerin et al., 1992). A 

clear understanding of market demands and competitive position is an indispensable 

component of innovation success. Alegre and Chiva (2006) summarise two dimensions of 

product innovation performance, including innovation efficacy and innovation efficiency. 

Innovation efficacy refers to the degree of innovation success and innovation efficiency is the 

effort made to achieve innovation success. This study focuses on innovation efficacy, which 

reflects the success of product innovation. Firms are driven by the desire to create new markets 

by new product development and adaptation of existing products (Boer and During, 2001). 

Chuang et al. (2015) measure new product capability in two dimensions, new product 

development competence and new product creativity. New product development competence 

involves capabilities associated with planning and implementation of new products. New 

product creativity captures novelty and meaningfulness of new products.  

With shortening lifecycle of products rapid technology changes, product development 

capability plays an increasingly crucial role in long-term survival of businesses (Cooper, 1998). 

Product innovation can provide “first mover advantage”, which refers to competitive advantage 

of being first entering the market (Kerin et al., 1992; Cooper, 2019). First mover status is 

associated with higher market share than followers (Kerin et al., 1992). Speed reduces the 

possibility that market conditions change. It is likely that reduced cycle time of product 

development leads to quicker realisation of making profits (Cooper, 2019).  
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4.1.2.4 Process development 

Process innovation has been paid less attention than product innovation in the literature as it is 

an intermediate outcome that lead to better firm performance (Piening and Salge, 2015). 

However, it remains a focal component of innovation theories, which allows firms to sustain 

competitive advantage (Reichstein and Salter, 2006). Process development can be considered 

as the introduction of new elements to firms’ production or operations process, such as 

equipment, input materials, work practices, project management techniques etc (Reichstein and 

Salter, 2006). Improvements in the creation of and distribution processes of existing products 

or services are an important means by which organisations can respond to market changes such 

as growth and decline of demand, new market entry, and price adjustments by competitors 

(Frishammar et al., 2012). 

Process development aims to improve operational flexibility, diminish costs, and improve 

operational efficiency and flexibility (Boer and During, 2001). It is associated with production 

technology, quality control, logistics, and plant design (Christensen, 1995). It is the capability 

to develop new or substantially improved manufacturing, supply chain and administrative 

processes (Piening and Salge, 2015). It involves both “hardware” assets (plants, equipment and 

facilities) and “systematic” assets (organisational and managerial resources in developing 

manufacturing or operational system). It involves developing methods or techniques that 

improve production or operational process (Frishammar et al., 2012). It refers to firms’ ability 

to resources and competencies for process improvement purpose. Process improvement 

enables firms to reap benefits by reducing costs and increasing process efficiency. It allows 
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firms to modify and reconfigure its operational capabilities or processes efficiency 

improvement (Piening and Salge, 2015). Reconfiguration of organisational processes results in 

superior competitive advantage and market position. Process development is increasingly seen 

as an important source competitiveness and organisational renewal (Frishammar et al., 2012). 

Process development involves small-scale changes in processes of production and distribution. 

It is associated with routine operational improvements and increase in productivity (Reichstein 

and Salter, 2006). Positive outcomes from process development include time and cost saving, 

product quality improvement, process error reduction, improved productivity and increased 

operational efficiency and effectiveness (Bunduchi et al., 2011; Piening and Salge, 2015). 

Product development and process development are closely related to each other. Most new 

products cannot be developed and manufactured without innovation in new process technology 

(Frishammar et al., 2012). While product innovation refers to new end products or services 

introduced by a firm, process innovation reflects changes in the way firms create and deliver 

such products and services. Process innovation can create value by improving quality and 

reliability of products, enhancing process efficiency, and saving time and costs (Frishammar et 

al, 2012; Piening and Salge, 2015). The potential benefits of process innovation include cost 

and time savings, quality improvement, and productivity gains. Implementing cost-reducing 

production or supply chain technologies enables a firm to either retain a higher profit margin 

or to pass on cost savings to consumers in the form of price reductions, which may lead to 

higher sales and market shares.  

Table 4.2. Measurement items for construct of innovation capabilities (IC)  
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Constructs Items References  

Organisational 

learning 

OL1 The basic values of this organisation include 

learning as key to improvement. 

OL2 We are skilled at identifying opportunities for 

improvement. 

OL3 Our employees can quickly detect problems or 

mistakes in the process of innovation 

OL4 We are skilled at capturing lessons learned from 

previous innovative activities. 

OL5 We are skilled at applying lessons from past 

experience to future innovative activities. 

OL6 Our employees are skilled at collaborating each 

other to solve problems. 

OL7 Our employees share information and learn from 

each other. 

Yam et al. (2004); 

Rush et al. (2007); 

Hull and Covin 

(2010); Calantone 

et al. (2002); Jerez-

Gomez et al. 

(2005); Chiva et al. 

(2007); Alegre and 

Chiva (2008); Hult 

(1998); Hult et al. 

(2000) 

Idea 

generation  

IG1 Creative ideas are encouraged and rewarded. 

IG2 Both quantity and quality of ideas generated are 

high. 

IG3 Ideas come from different departments and areas 

in organisations. 

IG4 There are policies for idea generation including 

all levels of organisations and supported by a reward 

system. 

IG5 Many of the ideas generated were new to the 

company. 

IG6 Many of the ideas generated were new to our 

existing customers. 

IG7 Many of the ideas generated were new to the 

market. 

Koc and Ceylan 

(2007); Schulze 

and Hoegl (2008); 

Kornish and 

Hutchison-Krupat 

(2017 

 

Product 

development 

PD1 Our company continuously introduces new 

products and develops new market. 

PD2 Our company brings new and innovative 

Lau et al. (2010); 

Brettel and Cleven 

(2011);Acur et al. 

(2010); Leskovar-
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products more often to market than our rivals. 

PD3 The percentage of new and innovative products 

in the product portfolio is higher than our rivals. 

PD4 We target a certain portion of revenue growth to 

come from product development.  

PD5 Our new product development cycle has been 

shorter than our rivals. 

PD6 Our products have more unique features than our 

rivals. 

PD7 Our products are more creative than 

competitors’ products. 

PD8 Our product development use technologies 

never used in our industry before. 

PD9 Our products show an unconventional way of 

solving problems. 

Spacapan and 

Bastic (2007); Im 

and Workman 

(2004); Chuang et 

al. (2015); Hsu and 

Fang (2009); Chen 

et al. (2014); Su et 

al. (2013); Lin 

(2007) 

Process 

development 

PcD1 We have more efficient production or operation 

process than our rivals. 

PcD2 We have lower cost of operation than 

competitors. 

PcD3 Our product development process stays within 

our budgeted costs.  

PcD4 Scheduled time is in line with development 

time. 

PcD5 We continuously generate new methods or 

skills for improving the efficiency of production or 

operation process. 

PcD6 We continuously generate new methods or 

skills for cost-saving. 

PcD7 We are creative in methods or skills for 

managing operational process. 

PcD8 We are flexible to capacity changes than 

competitors 

Acur et al. (2010); 

Ning and Li (2016); 

Dyler and Song 

(1998); Su et al. 

(2009); Slack and 

Lewis (2008); 

Kessler and 

Chakrabarti (1996) 
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There are some potential threats and limitations related to the constructs identified in this study. 

It is hard to capture the full breadth of networking activities with academic institutions, co-

located firms, technology intermediaries and financial institutions. Many studies employ only 

published measures to ensure construct validity. However, if only published measures are 

adopted, the research area does not move forward in new directions. New items are designed 

for measuring interaction with technology intermediaries and financial institutions. The 

existence of risk associated with development of new scales cannot be ignored. Some studies 

design multi-dimensional models for measuring organisational learning capability. This study 

just measures it as a first-order construct. As for idea generation, some firms can generate 

creative and commercially valuable ideas, but they are unable to transform them into new 

products or services. The correlation between idea generation and other dimensions of 

innovation capabilities might be not high enough, which is a challenge to convergent validity 

of higher-order construct. Moreover, the measures underlying the constructs of product 

development and process development are likely to be highly correlated with each other, which 

may do harm to construct validity. 

4.2 HYPOTHESES DEVELOPMENT 

4.2.1 Hypotheses for overall-effect model 

4.2.1.1 The impacts of ESPCN on innovation capabilities and financial performance  

Engagement in science park collaborative network (ESPCN) is expected to exert positive 

impacts on innovation capabilities and financial performance of tenant firms. The measurement 
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scale has been generated already. In this study, the indicators for measuring financial 

performance of science park firms include return on asset, return on investment, sales and 

profitability. Those four measures have been adopted by previous studies (Cao and Zhang, 

2011; Flammer, 2015; O’Neil et al., 2016). This study develops a multi-dimensional construct 

for measuring innovation capabilities of firms instead of common innovation performance 

indicators such as patents, R&D investment and R&D intensity. It also examines the impacts 

of science park collaboration network on financial performance, which how science parks 

create commercial benefits for tenants apart from innovation benefits. The role of science park 

ecosystem in generating economic value for resident firms can be identified. The study can 

extend the literature by examining the relationships between science park collaboration 

network, innovation capabilities and financial performance of firms.  

Science park can be seen as an integrated network connecting industrial firms, academic 

institutions, and other types of institutions. A hybrid network of public or private organisations 

with the provision of information, expertise and capital is the seedbed for local innovation 

success (Etzkowitz and Klofsten, 2005). The provide foundations for interactive synergies and 

collaborative network between individuals or organisations involved in science park ecosystem 

(Rodriguez-Pose and Hardy, 2014). They nurture an environment conducive to innovation by 

providing financial support, assistance in technological development, value-added business 

services, access to high-qualified talents etc. Teece (1986) stress the importance of 

complementary capabilities for firms’ innovation. Firms may confront the problems related to 

lack of knowledge regarding production and marketing of innovations. Science parks, which 

are technologically dynamic areas, allows for the combination of diverse and complementary 
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resources. Location on science parks solves the liability of “newness” and “smallness” due to 

the availability of intensive resource network (Gwebu et al., 2018). Based on resource-based 

view (RBV), valuable, rare and inimitable resources are sources of competitive advantage 

(Barney, 1991). Engagement in science park network can be seen as scarce, valuable and non-

imitable resources, that can create sustainable competitive for tenant firms. Co-located 

organisations or institutions can provide tenant firms with complementary resources including 

information, knowledge, skills, customer market etc (Gwebu et al., 2018). Technological 

breakthroughs can be generated through the integration of existing knowledge based and 

knowledge acquired from external actors (Rodriguez-Pose and Hardy, 2014).Science parks 

provide resource-rich and opportunity-rich environment that allows resident firms to achieve 

sustained competitive advantage (Gwebu et al., 2018).  

Resource-based view indicates that valuable, rare, non-inimitable resources can lead to creation 

of competitive advantage (Barney, 1991). Science park collaborative network can be seen a 

bundle of resources which helps tenants achieve competitiveness in the market. Network 

relationships with other science park actors enable tenants to access resources that are 

inimitable to some degree and as are context-specific and difficult to replicate. Knowledge-

based view suggests that knowledge is the source of competitive advantage (Grant, 1996). 

Firms can get quick access to knowledge, information or technology required by development 

of new products or services by closely interacting with different organisations on science parks. 

According to dynamic capabilities theory, the ability to integrate and reconfigure external and 

internal resources to respond to environmental dynamism (Teece et al., 1997). Resource and 

knowledge accumulation of science parks allows tenant firms to cope with threats associated 
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with dynamic environment (Gwebu et al., 2018). Science parks offer tenants opportunities to 

adapt to fast-changing business environment. Camagni (1991) regards collective learning as 

the heart of an innovative milieu. Science parks can be seen as an innovative milieu in which 

a coherent set of territorial relationships involving different actors are developed.  

Knowledge-based firms benefit the most from location on a science park in terms of knowledge 

spillover (Lawson and Lorenz, 1999). Science parks are innovative milieu that depend on 

knowledge spillover, resource sharing and technology transfer (Gwebu et al., 2018). A single 

site agglomerates academic institutions, SMEs and large firms, young and established 

companies, and knowledge-intensive business services, financial agencies, building an 

innovative community (Benneworth, 2014). Science parks are spaces that function as a bridge 

between academic community and business community. Academic institutions on science park 

ecosystem are important sources of high-skilled workforce and scientific and technological 

knowledge (Benneworth, 2014). Science park contribute to the formation and development of 

high-technology business network. Technology intermediaries, such as industrial associations, 

business alliances, technology assessment centres, talent resource centres, training institutions 

etc., In China, science park attract the influx of financial institutions to locate on science parks, 

which ensure continuous financial support for innovation activities of tenant firms.  

Geographical proximity plays an important role in creating synergy effects, which arise from 

common cultural, psychological, social context (Keeble et al., 1999). Geographical proximity 

contributes to constructing commonly accepted rules and procedures, which is conducive to 

seeking solutions to common problems (Keeble et al., 1999). According to Porter (1998), 
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geographical proximity and repeated interactions between actors in one region foster more 

efficient collaborations. It is essential to create a common language to discuss technological 

issues (Keeble et al., 1999). Camagni (1991) stress the emergence of common language which 

helps firms translate external knowledge into information that the firm an understand. Common 

language is necessary for coordination of decision making. The success of R&D linkages 

requires spatial proximity and a common language (Breznitz, 2011). Relationships of trust and 

reciprocity are the basis for technology and knowledge diffusion as well as technological 

innovation development. Trust-based relationships reduce the risk associated with innovation 

activities. Shared cultural background and geographical closeness provide a foundation for 

collaborative innovation (Breznitz, 2011).   

Geographical proximity provides firms easy access to tacit knowledge, which is important for 

sustainable competitive advantage (Lawson and Lorenz, 1999). Tacit knowledge is difficult to 

transfer without informal and personal contacts. Transfer of tacit knowledge is concentrated 

within technology-intensive regions (Lawson and Lorenz, 1999). According to knowledge-

based theory, knowledge is the core of firms’ competitive advantage (Kogut and Zander, 1994). 

Science parks are institutional frameworks that play an important role in facilitating knowledge 

transfer and dissemination (Shearmur and Doloreux, 2000). High-technology sectors rely on 

the knowledge and information related to rapid response to fast-changing markets and 

technology to a larger degree (Shearmur and Doloreux, 2000). Spatial proximity is a 

contributing factor to network formation (Ter Wal and Boschma, 2009). It allows for face-to-

face interactions, frequent contacts and close interpersonal linkages, which reduces the 

transaction costs of technical knowledge (Rodriguez-Pose and Hardy, 2014). Localised 
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knowledge network allows firms to identify new knowledge and innovation opportunities with 

diminished transaction costs (Ter Wal and Boschma, 2009). Therefore, the following 

hypotheses are proposed: 

H1: Engagement in science park collaborative network have positive and significant impacts 

on innovation capabilities of science park firms.   

H2: Engagement in science park collaborative network have positive and significant impacts 

on financial performance of science park firms.   

4.2.1.2 The impacts of innovation capabilities on financial performance of tenants 

In order to adapt to rapid technological change, firms need to have control of essential resources 

and capabilities to cope with such adaptations (Rothaermel, 2001). Innovation capabilities 

provide firms with first mover and lead market advantages. Firms have a preferential position 

in achieving competitive superiority, leading to long-term profitability. New product 

development allows firms to acquire technological leadership, which lead to high profits in the 

long run. Innovation is valuable, rare, difficult to imitate and difficult to substitute resources, 

which is a source of firms’ competitive advantage (Barney, 1991). Innovation is valuable as it 

satisfies market demands. Innovation is difficult to imitate, as the underlying tacit knowledge 

is difficult to transfer and replicate. Innovation is difficult to substitute because of its path-

dependent and context-specific nature.  

Although innovation is a risky process, it leads to long-term business growth. The development 

of new products and technology can lead to generation of economic value and has been viewed 
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as engine of business growth. Innovation activities are expected to generate new products and 

create new markets (Damanpour et al., 2009). A series of studies provide evidence that 

innovations have positive influences on firm performance (Parisi et al., 2006; Kostopoulos et 

al., 2011; Beers and Zand, 2014). Bigliardi (2013) the study of Kostopoulos et al. (2011) shows 

the positive linkage between innovation performance and financial performance of firms. 

Innovations permit firms to achieve first-mover advantage, target premium market segments, 

and keep ahead of the rivals (Wiklund and Shepherd, 2003). The benefits for first movers are 

larger than their competitors in high-technology sectors (Banburry and Mitchell, 1995). First-

mover advantage can lead to dominant market position of firms. They can achieve brand 

recognition and dominate distribution channels. Speed of product development is important for 

firms as a result of shortened product lifecycle and intensified business competition (Langerak 

and Hultink, 2006). Thus, the hypothesis is proposed as below. 

H3: Innovation capabilities have positive and significant impacts on financial performance of 

science park firms.   

4.2.2 Hypotheses for individual-effect model 

4.2.2.1 The impacts of academic-industry collaboration 

Science parks provide a platform for transfer of technology from academic institutions to 

industrial firms. They are regarded as mechanisms for facilitating knowledge diffusion and 

dissemination between public and private community. Innovation competencies are enhanced 

through dense network between public and private sectors (Peters et al., 1998). The industrial 

sector stimulates public sector research to develop knowledge for technological innovation that 
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meet market demands. Several studies support the view that firms can benefit from 

geographical proximity to universities (Jaffe et al., 1993; Antonelli, 2000). Maietta (2015)’s 

research implies that spatial proximity is positively related to firms’ innovation. Technology 

transfer can be realized formal collaborative research or knowledge spillover. Geographical 

closeness enables science park firms to develop close linkages with universities, which is 

associated with transmission of tacit knowledge. Entrepreneurs can maintain face-to-face 

contact with academics or researchers, allowing for communication of useful information that 

is tacit and has not yet been published. Tacit knowledge is difficult to interpret and exchange, 

which is difficult for competitors to imitate 

The major benefit of developing close relationships with universities or research institutions is 

access to highly skilled and highly qualified scientists or researchers (Arza, 2010). Universities 

or research institutions are important sources of scientific and technological knowledge. They 

are ideal partners for businesses to achieve and sustain competitive advantage because of their 

ability to integrate knowledge of different fields. In order to cope with acceleration of 

technological change, firms are increasingly aware of the importance of developing 

partnerships with academic world. Businesses can get access to state-to-the-art research, which 

strengthens their knowledge base (Bishop et al., 2011). Firms can exploit new knowledge and 

discoveries generated by the latest scientific research. They can identify sources of innovative 

ideas for R&D activities. Universities encourages the exploration of the unknown territory. 

Collaborative projects with universities explore new avenues of innovation (George et al., 

2002). R&D partnerships with academia promote technological upgrading of business 

community. Firms can seek commercialization of cutting-edge research from academic 
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institutions, which contributes to firms’ technological upgrading (Soh and Subramanian, 2014).  

Collaboration with academic community fosters product development and process innovation.  

Firms can benefit from joint R&D projects with regard to both product-oriented research and 

exploratory “blue sky” research (Lee, 2000). Combination of academia and businesses’ 

knowledge base can lead to generation of innovative products and processes (George et al., 

2002). George et al. (2002)’s study implies that linkages between industry and academia is 

positively associated with innovative output of firms. The research of Belderbos et al. (2004) 

reveals that academic-industry linkages have positive impacts on sales from innovative 

products. Firms can exploit knowledge or technology obtained from their academic partners to 

improve their ways to innovate. Face-to-face interactions with academics provide direct 

support with problem solving, which accelerate product development of companies (Perkmann 

and Walsh, 2009). Academics can provide assistance with tacking technological bottlenecks 

when develop new products or processes. Firms can seek advice from academic researchers 

with regard to specific problems in R&D and production process.  

More and more scholars pay attention to the “the third mission” of universities in addition to 

education and research (Etzkowitz and Leydesdorff, 2000). Universities have evolved from 

focusing on fundamental research to seeking connections with commercial community. They 

play an increasingly important role in fostering economic benefits for firms. However, 

compared with impacts on innovative performance, the evidence with regard to the positive 

impacts of academic-industry linkages on financial performance is limited. The findings of 

George et al. (2002) indicate that academic partnership is not positively related to firms’ 
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financial performance. The results of Guan et al. (2007) demonstrate weaker impacts of 

linkages with academics on profit and sales compared to impacts on innovation. Eom and Lee 

(2010) have not found positive impacts of cooperation with research institutions. Conversely, 

Bishop et al. (2011) argue that linkages with scientific community can boost the improvement 

of firm performance. Sharing of valuable resources or assets decrease firms’ expenditures. 

Collaboration with academics enables industrial firms to get access to state-to-the-art 

equipment and facilities required in R&D activities, which lead to reduction in overall costs 

and increase in profits. Support regarding problem solving and technological development, 

provided by academic experts, allowing firms to speed up their innovation development cycle. 

Firms can achieve “first-mover” advantage in the marketplace. As a result, expansion of market 

share and business growth can be realized by firms.  Integration of scientific knowledge 

obtained from academia facilitates the generation of new products or processes, which is the 

key to maintain and strengthen competitive advantage. Thus, the impacts of academic-industry 

collaboration on financial performance of science park firms is expected to be positive. The 

following hypotheses are proposed.  

H4a: Academic-industry collaboration has positive and significant impacts on innovation 

capabilities of science park firms.  

H4b: Academic-industry collaboration has positive and significant impacts on financial 

performance of science park firms.  

4.2.2.2 The impacts of inter-firm collaboration 

Considering the increasing complexity of technology and knowledge intensity of high-tech 
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industries, it becomes more and more difficult for firms to develop innovation on their own. 

Geographical proximity encourages firms to open up certain activities that foster technological 

innovation and technology commercialization (Benko, 2000). Science parks provide a 

supportive environment for the development of long-standing relationships between tenant 

firms. According to Lorenzoni and Lipparini (1999), spatial proximity and long-term and stable 

relationships are determinants of benefits derived from external network. Science parks 

ecosystem provides opportunities of interactive learning and collaborative innovation for firms. 

Firms that have insufficient resources to conduct R&D activities individually can seek linkages 

with other firms in similar sector located on science parks. Intense inter-firm network in science 

parks favours knowledge dissemination, technology diffusion and collective learning.  Spatial 

closeness and frequent contacts foster mutual trust, which contributes to the ideal results of 

collaborative relationships to a large degree. Common knowledge and common background 

allow them to have a better understanding of the knowledge they share (Bell, 2005).   

Not all of firms have all required resources for developing new products or processes. Firms 

can gain access to complementary resources, skills and knowledge through developing 

relationships with other firms (Lin and Lin, 2016). They can employ network relationships to 

compensate for their resource deficiencies in knowledge, technology, equipment and facilities. 

Inter-firm relationships allow for sharing of knowledge and enlarge firms’ knowledge base. 

Such relationships help firms overcome the scarcity of internal resources. Access to partners’ 

novel ideas or technology fosters generation of new knowledge or technology relevant to 

product or process innovation. The synergies in R&D and production systems accelerate 

innovation speed, which enhances the likelihood of achieving technological leadership in the 
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market (Tomlinson, 2010). The coordination of resources and knowledge speeds up problem-

solving process. Synthesis of knowledge domains allows for rapid solution to specific problems 

and fast access to appropriate technology. The integration of multiple knowledge bases through 

business network facilitates the creation of new knowledge and new product development. 

Firms can combine knowledge acquired from their partners with existing knowledge. The new 

combinations lead to superior innovativeness. They can capture and respond to market changes 

rapidly and produce products which better satisfy market needs. Love and Rogers (2004) have 

found evidence that inter-firm network is positively related to growth rates of innovation. The 

study of Najafi-Tavani et al. (2018) shows that collaboration with competitors has positive 

impacts on innovation capabilities. Shan et al. (1994) and Ahuja (2000) provide evidence for 

the positive relationship between patents and collaborative relationships with other firms.  

It is vital for firms to develop and maintain relationships with partners to survive and grow in 

modern fast-changing markets. Inter-firm relationships help firms identify emerging market 

opportunities promptly and expand market knowledge (Lin and Lin, 2016). Creation of 

innovative products and expansion into new markets always involves high risk. Firms can 

reduce and manage the risk and challenges through collaborative arrangements with partners. 

Collaborative partnerships bring together firms with bundles of distinctive resources and assets 

(Konsti-Laakso et al., 2012). Thus, engagement in inter-firm cooperation can help firms 

identify and adapt to rapid market changes and technological changes, reducing the possibility 

of market failures. Network relationships provide opportunities for firms to expand market 

reach (Goes and Park, 1997). In a short, inter-firm collaboration allow for the achievement of 

greater market power and superior competitive position.  
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In addition, business network is associated with reduction in costs and increase in supply chain 

efficiency. Firms can spread costs involved in R&D and innovative projects through 

embeddedness in partnerships. They can access suitable technology or resources at lower costs 

(Baum et al., 2000). Song et al. (2016) suggest that inter-firm alliances improve cost-efficiency 

when develop new product technologies. Firms can transform knowledge into innovations in a 

more cost-efficient way. In the context of rapid technological change, Integration of operation 

process induces minimization of transaction costs and efficiency maximization, contributing to 

sustainable competitive advantage (Lin and Lin, 2016). Synergy benefits are generated and 

economies of scale are achieved by integration of core competencies (Goes and Park, 1997). 

Costs, risk, and time associated with innovation-related activities are shared with partners. In 

summary, firms can gain competitive superiority by building close ties with partners. Benefits 

derived from collaboration between science park firms are hypothesized to enhance their 

financial outcomes, which is shown as below.  

H5a: Inter-firm collaboration has positive and significant impacts on innovation capabilities of 

science park firms.  

H5b: Inter-firm collaboration has positive and significant impacts on financial performance of 

science park firms. 

4.2.2.3 The impacts of interaction with technology intermediaries 

Technology intermediaries is a key actor within innovation ecosystem of science parks. They 

sit at the intersection of various actors, which are able to locate knowledge more promptly and 

process knowledge professionally (Lin et al., 2016). Innovation is a cooperative process, which 
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strengthens the role of intermediaries in collaboration building (Inkinen and Suorsa, 2010). 

Technology intermediaries play an important role in facilitating networking and collaboration 

between firms and institutions within high-technology regions (Inkinen and Suorsa, 2010). 

They contribute to mutual learning process, which is favorable for generation of creative ideas 

and new knowledge (Lin et al., 2016) Technology intermediaries develop and maintain linkages 

with different actors, which enables their clients to get access to a large pool of knowledge 

from different sources.  

Intermediary institutions can be regarded as a knowledge repository that collects and integrates 

various sources of knowledge (Hargadon and Sutton, 1997). Interaction with technology 

intermediaries increases the likelihood to speed up innovation process (De Silva et al., 2018). 

Many of firms on science parks are small and medium sized, which lack sufficient knowledge 

or resources to develop innovation. Intermediary intervention can bridge a variety of 

knowledge and resource gaps (Goes and Park, 1997). Identification of suitable technology and 

right partners is always difficult for firms. The support of intermediaries helps them locate 

suitable knowledge or technology more easily. The combination of knowledge bases of 

different actors allows for the prompt identification of knowledge or technology solutions for 

their clients (Parker and Hine, 2014). Linkages with intermediaries is conducive to the 

improvement of firms’ problem-solving ability. The speed of introducing new products to 

market can be increased due to faster problem-solving process. Knowledge acquired from 

intermediaries can be transformed into superior innovation achievement (Lin et al., 2016; 

Knockaert and Spithoven, 2014). Lin et al. (2016) provide evidence that cooperation with 

technology intermediaries can significantly improve innovation performance of firms. 
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Knockaert and Spithoven (2014) have found positive relationships between links with 

technology intermediaries and innovation speed of firms.  

Businesses that develop close network relationships with technology intermediaries can 

mitigate transactional inefficiency in the marketplace (Goes and Park, 1997). High transaction 

costs pose a barrier to in potential transactions in technology markets (Lichtenthaler, 2013). 

Intermediary intervention helps to overcome obstacles associated with market inefficiencies. 

Their function of technology scanning and information intelligence allows their clients to 

reduce external search costs. Their access to large pool of knowledge across diverse domains 

mitigate the imperfections in technology markets (Lichtenthaler and Ernst, 2008). Such 

relationships can be seen as a key enabler for maximizing the efficiency of technology markets. 

Intermediaries improve firms’ ability to appropriate benefits from innovation activities 

(Knockaert et al., 2014) through services such as information scanning, partner selection, 

market research, training, IPR protection etc. Ties with intermediaries leads to the extension of 

firms’ market knowledge (Lichtenthaler, 2013). Intermediary institutions can identify 

profitable markets for innovations developed by firms. They can support technology 

commercialization by market analysis (Lichtenthaler and Ernst, 2008). They can provide 

assistance in coping with market failures of clients’ R&D investments. The integration and 

recombination of available resources or knowledge adapt their products or services to market 

changes and technological development (Howells, 2006). Clients to capitalize quickly on 

market opportunities. It can be expected that interaction with technology intermediaries enable 

firms to accelerate innovation process and achieve cost savings, which will be transformed into 
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superior profitability and competitive advantage. Therefore, the following hypotheses are 

proposed as below.  

H 6a: Interaction with technology intermediaries has positive impacts on innovation 

capabilities of tenants. 

H 6b: Interaction with technology intermediaries has positive impacts on financial performance 

of tenants. 

4.2.2.4 The impacts of interaction with financial institutions 

Innovation is associated with high risk brought by unanticipated market demands and 

changeable technology markets (Guan et al., 2007). The government and science parks provide 

various sources of funding in support of R&D and innovation activities of tenant firms through 

financial institutions, including governmental funding, venture capital, loans, foundation etc. 

In addition to funding support, financial institutions also provide science park firms with a 

broad range of financial services, including investment decision-making, asset management, 

risk management, online financial services, etc. Knowledge stock of financial institutions 

allows them to provide better advice for their clients regarding their financing, investment and 

resource allocation decisions (George and Prabhu, 2003).  

Support from financial institutions is of critical importance for innovation success, especially 

technology-based SMEs, as innovation involves high risk and high costs. One of the major 

obstacles to innovation is shortage of finance (Yigitcanlar et al., 2018). Insufficient finance is 

a key barrier to firm innovation and firm growth (Fowowe, 2017). The assistance provided by 
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financial institutions is crucial for converting innovative ideas into commercialized innovations, 

which is key to achieving competitive advantage in the market. Financial institutions play an 

important role in assisting firm in expanding their technology resources (Geroge and Prabhu, 

2003). The expansion of operations, research and development, recruitment of high-qualified 

talents, and investment in equipment and facilities are unlikely without sufficient funding. 

O’Suillivan (2005) identify three factors that give rise to high costs of innovation: resources, 

timing and uncertainty. Innovation process is complex, which requires human resources from 

different functional departments to be involved in this process. It is widely agreed that 

innovation is time-consuming process. It is hard for firms to obtain immediate commercial 

returns from innovation process. Financial support should be sustained from idea generation to 

introduction of new products to market. Generally, innovation process involves high risk and 

uncertainty. It is difficult to estimate the funding required for innovation accurately.  

Science parks can ensure financial support for tenants by attracting financial institutions to 

locate on parks, supporting the innovation activities of firms (European Commission, 2013). 

The functions of financial institutions go beyond provision of finance that relax investment 

constraints (Lahr and Mina, 2016). Tenant firms can also benefit from a wide range of services, 

such as evaluation of investment projects, resource mobilization, risk management (King and 

Levine, 1993). Financial institutions contribute to acceleration of technological innovation, 

reduction of information cost, and business growth in the long run. Continuous sources of 

finance improve the likelihood of survival and growth of tenant firms. 

Several empirical studies provide evidence that access to finance is an important determinant 
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of innovation performance and business growth. Li (2009) believe that financial institutions 

and banking system influence innovation and catch-up rate of emerging economies. The results 

of this study suggest that support from financial institutions have important implications for 

innovation efficiency. The findings of Girma et al. (2008) indicate that firms with good access 

to domestic bank loans has superior innovation capacity. Using data of 17 EU countries, Faria 

and Barbosa (2014) find that venture capital increases number of patent applications. 

Chemmanur et al (2011) find a positive association between venture capital and total factor 

productivity. Fowowe (2017) provide evidence that the constraint of access to finance has a 

negative and significant impacts on firm growth. Therefore, following hypotheses are proposed.  

H7a: Interactions with financial institutions has positive and significant impacts on innovation 

capabilities of science park firms.  

H7b: Interactions with financial institutions has positive and significant impacts on financial 

performance of science park firms. 
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Figure 4.2. Overall-effect model 
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4.4 CONCLUSION 

This chapter has proposed a theoretical model that demonstrates the relationships between 

ESPCN, innovation capabilities and financial performance of science park firms. ESPCN and 

innovation capabilities are proposed as two multi-dimensional constructs. ESPCN construct is 

composed of four dimensions, including academic-industry collaboration, inter-firm 

collaboration, interaction with technology intermediaries, interaction with financial institutions. 

Four sub-factors constitute innovation capabilities construct, which are firms’ capabilities of 

organisational learning, idea generation, product development and process development. Two 

structural models are developed in this chapter, including the model that examines the overall 

effect of ESPCN on innovative and financial outcomes of tenant firms as well as the model that 

assesses individual effects of ESPCN dimensions on tenants. This chapter has also come up 

with hypotheses to test the impacts of ESPCN and four dimensions of EPSCN on tenant firms. 

Next chapter will focus on examining the reliability and validity of the measurement scales of 

ESPCN and innovation capabilities as well as that of two structural models.  
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CHAPTER 5 DATA ANALYSIS 

5.1 INTRODUCTION 

Following the process of data collection, the researchers should move on to the stage of scale 

validation. Exploratory factor analysis (EFA) is performed in the first place, which involves 

empirical appraisal of the underlying factor structure. It helps group a large set of items into a 

smaller number of meaningful latent variables. Researchers usually use EFA to identify items 

that do not reflect the construct they are designed to measure as well as items that strongly load 

on more than one constructs.  

Confirmatory factor analysis (CFA) is typically used by researchers after the test of the 

instrument scale using EFA. An alternative method is to conduct a CFA to validate a series of 

theoretically driven items without the prior test of EFA. However, according to Byrne (2001, 

p.99), “the application of CFA procedures to assessment instruments that are still in the initial 

stages of development represents a serious misuse of this analytic strategy”. In CFA, the items 

are constrained to load on only one factor. EFA is able to identify items that measure no factor, 

one factor, or two or more factors. It is argued that EFA can discover the correct factor structure 

satisfactorily in most cases (Worthington and Whittaker, 2006). Thus, it is logical to explore 

the factor structure by means of EFA before performing CFA regardless of how the researcher 

believe the items reflect the underlying theoretical constructs. The main purpose of CFA is to 

measure the degree to which the measurement model fits the sample data. And then, structural 

model will be tested and hypotheses will be examined.  
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5.2 Q-SORT 

After the generation of an initial list of measurement items based on literature review, two 

academics and two practitioners were invited to participate in the sorting process. In the first 

round, two academics were requested to sort question items into corresponding constructs and 

a non-applicable (NA) category. The NA category was included to prevent the respondents 

from forcing the placement of any item into a particular category. All items were mixed in a 

common pool. Before the start of the sorting process, the researcher explained the meaning and 

definition of each of the constructs.  

The sorting result was evaluated using three measures. First, inter-judge raw agreement score 

is the number of items that judges agree to place into a target construct divided by the total 

number of items. Second, item placement ratio (hit ratio) is number of items that are placed 

into the target category divided by twice the total number of items. Finally, Cohen’s Kappa as 

a measure of agreement can be interpreted as the proportion of joint judgement in which there 

is agreement after chance agreement is excluded. The result shows that inter-judge raw 

agreement score and Cohen’s Kappa score have been greater than acceptable level (Landis & 

Koch, 1977). A score greater than 0.65 has been considered acceptable by several researchers 

(Landis & Koch, 1977).  The score greater than 0.75 is considered as an excellent agreement 

level (Nahm et al., 2002). The items classified in a construct different from the target constructs 

were identified, reworded or removed. Two practitioners, who are managers of two York 

Science Park firms, were involved in the second round of Q-sort. The procedure explained in 

first round of sorting was repeated. The second-round sorting yielded satisfactory results, 
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which indicates an acceptable level of reliability and validity of constructs. Hence, the Q-sort 

method was terminated after round two. The results of Q-sort have been presented in Table 5.1.  

Table 5.1 Result of Q-sort  

Construct Items Q-sort result 

Academic-

industry 

collaboration 

AIC1 Scientists or students are often involved in our R&D 

projects. 

AIC2 We maintain close ties with universities or research 

institutions to obtain information about the latest 

technological trends. 

AIC3 We have close cooperation with universities or 

research institutions to develop new product technologies. 

AIC4 We involve academics actively in product 

development. 

AIC5 We have close cooperation with universities or 

research institutions to solve technical problems. 

AIC6 We have close cooperation with universities or 

research institutions to speed up product development 

process. 

Keep  

 

Keep  

 

Keep  

 

Removed  

 

Keep  

 

Keep  

Inter-firm 

collaboration 

IFC1 We maintain close ties with other tenants on science 

parks. 

IFC2 We regularly share and exchange information about 

the latest technological trends with other tenants. 

IFC3 We regularly cooperate with other tenants to develop 

new product technology. 

IFC4 We regularly cooperate with other tenants to solve 

technical problems. 

IFC5 We regularly cooperate with other tenants to speed 

up product development process.  

Keep 

 

Keep 

 

Keep 

Keep 

 

Keep 
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Interaction 

with 

technology 

intermediarie

s  

ITI1 We have close ties with technology intermediaries of 

the science park. 

ITI2 We regularly involve technology intermediaries in 

our innovation process. 

ITI3 We regularly participate in conferences or meetings 

organised by technology intermediaries of science park. 

ITI4 We usually find collaborative partners through 

technology intermediaries of science park. 

ITI5 We regularly search talents through technology 

intermediaries of science park. 

ITI6 We regularly use technology assessment services 

provided by technology intermediaries. 

ITI7 We regularly use training services provided by 

technology intermediaries. 

Keep  

 

Removed 

Keep 

 

Keep 

Keep 

 

Keep 

Keep  

Interaction 

with financial 

institutions 

IFI1 We have close ties with financial institutions of the 

science park. 

IFI2 We regularly use financing services provided by 

financial institutions on science parks. 

IFI3 We regularly use investment decision-making 

services provided by financial institutions on science 

parks. 

IFI4 We regularly use capital management services 

provided by financial institutions on science parks. 

IFI5 We regularly use financial information consulting 

services provided by financial institutions. 

Keep 

 

Keep 

 

Keep 

 

Keep 

 

Keep  

 

Organisation

al learning 

OL1 The basic values of this organisation include learning 

as key to improvement. 

OL2 We are skilled at identifying opportunities for 

improvement. 

OL3 Our employees can quickly detect problems or 

Removed 

 

Keep 
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mistakes in the process of innovation 

OL4 We are skilled at capturing lessons learned from 

previous innovative activities. 

OL5 We are skilled at applying lessons from past 

experience to future innovative activities. 

OL6 Our employees are skilled at collaborating each other 

to solve problems. 

OL7 Our employees share information and learn from each 

other. 

Keep 

 

Keep 

Keep 

 

Removed 

 

Removed 

Idea 

generation  

IG1 Creative ideas are encouraged and rewarded. 

IG2 Both quantity and quality of ideas generated are high. 

IG3 Ideas come from different departments and areas in 

organisations. 

IG4 There are policies for idea generation including all 

levels of organisations and supported by a reward system. 

IG5 Many of the ideas generated were new to the company. 

IG6 Many of the ideas generated were new to our existing 

customers. 

IG7 Many of the ideas generated were new to the market. 

Removed 

Keep 

Keep 

 

Removed 

Keep 

Keep 

 

Keep 

Product 

development 

PD1 Our company continuously introduces new products 

and develops new market. 

PD2 Our company brings new and innovative products 

more often to market than our rivals. 

PD3 The percentage of new and innovative products in the 

product portfolio is higher than our competitors. 

PD4 We target a certain portion of revenue growth to come 

from product development.  

PD5 Our new product development cycle has been shorter 

Keep 

 

Keep 

Keep 

 

Removed 

Keep 
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than our competitors. 

PD6 Our products have more unique features than our 

competitors. 

PD7 Our products are more creative than competitors. 

PD8 Our product development use technologies never used 

in our industry before. 

PD9 Our products show an unconventional way of solving 

problems. 

 

Keep 

Removed 

Keep 

 

Removed 

Process 

development 

PcD1 We have more efficient production or operation 

process than our rivals. 

PcD2 We have lower cost of operation than competitors. 

PcD3 Our product development process stays within our 

budgeted costs.  

PcD4 Scheduled time is in line with development time. 

PcD5 We continuously generate new methods or skills for 

improving the efficiency of production or operation 

process. 

PcD6 We continuously generate new methods or skills for 

cost-saving. 

PcD7 We are creative in methods or skills for managing 

operational process. 

PcD8 We are flexible to cope with emergencies emerged 

in operational process. 

Keep 

 

Removed 

Removed 

Removed 

Keep 

 

Keep 

 

Keep 

Reworded 

 

5.3 QUESTIONNAIRE DESIGN 

5.3.1 Questionnaire translation 

The questionnaire will be sent to managers of Chinese companies, so it is necessary to translate 

the questionnaire into Chinese version (Beaudart, 2017). The author got in touch with two 
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Chinese researchers who has overseas educational background. They translated the Chinese 

questionnaire back to English. The aim is to ensure that the question items state what the 

original items express. The author compared the original version and re-translated version of 

questionnaire. There is no obvious change between the two versions of questionnaire. That is 

to say, the Chinese questionnaire can demonstrate the meaning of original questionnaire.  

5.3.2 Pilot test 

Following two rounds of Q-sort, a pilot study was conducted with two practitioners of Beijing 

Zhongguancun Science Park before sending out questionnaires in a large number. The 

questionnaire was further modified according to the suggestions given by the experts. Piloting 

is not solely to do with trying to ensure that survey questions operate well; it also has a role in 

ensuring that the research instrument as a whole functions well. It may be possible to identify 

questions that make respondents feel uncomfortable and to detect any tendency for respondents’ 

interest to be lost at certain junctures. Sequencing of questions is important to increase response 

rate and it is better to start with easy, non-threating non-sensitive questions. According to 

Marshall (2005), there are sensitive questions to pose, they are best placed towards the end of 

a questionnaire. Thus, sensitive question items regarding the financial performance of science 

park firms were placed at the end of the questionnaire. Easy questions regarding the 

background information about the respondents and the company in which they work at were 

placed at the start of the questionnaire.  
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5.4 LARGE-SCALE SURVEY 

A questionnaire was distributed to collect responses from managers of firms located on science 

parks in Beijing and Shanghai. The questionnaire was sent to managers of firms on science 

parks in Beijing by WeChat while it was sent to firm managers in Shanghai science parks by 

email. The questionnaire was sent to contacts by email or WeChat (as shown in Appendix 1, 

p.272). The target respondents are firms in ten industrial sectors.  

Apart from the items to measure the constructs, the survey instrument is also designed to collect 

information about the respondents, characteristics of the companies in which they currently 

work. Background questions provide demographic and socio-economic information on the 

individual or firm. At the individual level these include gender, age, and position; while at the 

level of the firm it includes evidence on the industry in which the firm operates, the number of 

staff employed, the number of years since the firm established, and the ownership of the firm. 

Financial performance is measured by return on assets, return on investment, profitability, and 

sales. The questionnaire just focuses on financial performance over last two years. A large 

proportion of firms located on science parks are start-ups. It is difficult to collect enough 

responses if the questions focus on a longer period of performance.  

Table 5.2 shows the information about respondents and firms they are affiliated to, including 

gender, age, and position of respondents, as well as industrial sector, ownership, age, and size 

of sample firms. Respondents who are not included in those five types of positions and firms 

that are younger than 2 years old are eliminated. CEOs, R&D managers, production managers, 
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operation management managers and marketing managers are closely associated with 

innovation activities of firms. They are able to understand and answer the questions.  

The questionnaire was sent out on a large scale. The target respondents are CEOs or senior 

managers of firms located at science parks in Beijing and Shanghai. Since the late 1980s, 

science parks have been established in major Chinese metropolises under the Torch program, 

which is an important science and technology initiative by the Chinese government. Through 

years of investment and effort, more than 100 science parks have been established in China. 

Science parks in Beijing and Shanghai were selected as the sample. Beijing Zhongguancun 

Science Park is well known as the most successful science park in China. Many of China’s 

high-technology companies and multinational firms’ Chinese headquarters are located within 

Zhongguancun Science Park (Zhang et al., 2012). Shanghai Zhangjiang Science Park is the 

Pharmaceutical Hub in China, which is one of China’s first state-level high-tech zones 

approved by the State Council (Ding and Lu, 2010).  

In order to improve the response rate, 10 secretary-generals of a range of Zhongguancun’s 

industry alliances have been contacted by telephone to ask for their help in sending out the 

questionnaire. One of them were very kind to accept my request. In March, the researcher went 

back to China and made some progress in data collection after meetings with the managers of 

Industry Alliance. The researcher planned to send out the question items by means of email 

originally. However, the manager of Industry Alliance said that he can add the researcher to 

several WeChat groups of managers of Zhongguancun Science Park firms. He suggested that 

the questionnaire could be shared as a link in the groups. After he added the researcher into 
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three WeChat groups that are composed of Zhongguancun Science Park, the questionnaire has 

been shared three times in the groups to remind group members to fill in it. There are 1410 

members in those four WeChat groups, 155 responses have been collected finally.  

In order to collect data from firm managers of Shanghai Zhangjiang Science Park, a Chinese 

marketing research company EP assisted the data collection process. The company has access 

to contact details of science park firms’ managers and facilitated the data collection process. 

They distributed the online questionnaire to 2086 managers of Shanghai Zhangjiang Science 

Park firms via email. 180 responses have been received within three days, which is high-

efficient and time-saving. There are 335 responses collected from managers of science park 

firms in total. In summary, the response rate of the survey towards science park firms’ 

managers in Beijing and Shanghai is 9.6%. After removing unengaged responses which tick 

the same answer for all of the questions and take short time to finish (less than 3 minutes), 312 

were kept for the analysis in the next stage. The effective response rate of the questionnaire is 

9.2%. 

Table 5.2 Respondent table (N=312) 

Gender of respondents Percentage 

Male 71.5% 

Female 28.5% 

Age of respondents Percentage 

21 - 30 14.7% 

31 - 40 58.7% 

41 - 50 23.4% 

51 - 60 2.2% 
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61 - 70 0.6% 

Over 70 0.3% 

Title of respondents Percentage  

CEO 13.1% 

R&D manager 27.9% 

Production manager 17.9% 

Operation management manager 24.0% 

Marketing manager 17.0% 

Other 0 

Industrial sector Percentage 

Electronics and Information Technology 33.7% 

Biopharmaceutical 14.7% 

New materials 9.0% 

New energy 12.5% 

Advanced Manufacturing 21.5% 

Earth/Space/Marine engineering 1.0% 

Environmental protection 5.1% 

Aviation and aerospace  1.3% 

Automobile 1.3% 

Other 0 

Firm ownership Percentage 

State-owned enterprises 25.6% 

Private enterprises 51.3% 

Chinese-foreign joint venture / Foreign 

direct investment 

22.8% 

Other 0.3% 

Firm age Percentage 

Below 2 years 0 

2 - 5 years 18.3% 
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6 - 10 years 33.7% 

11 - 20 years 30.8% 

Over 20 years 17.9% 

Number of employees Percentage 

Below 10 0 

10 - 50 19.6% 

51 - 200 36.2% 

201 - 500 26.9% 

Over 500 17.9% 

 

5.5 EXPLORATORY FACTOR ANALYSIS 

Exploratory factor analysis (EFA) is a widely used statistical technique during the initial stage 

of scale construction. Researchers use it to explore the factor structure with observed data. A 

large set of items is grouped into subscales measuring different constructs. In the first place, 

Kaiser-Meyer-Olkin (KMO) test is performed for examining whether the data is suitable for 

structure detection. According to Norusis (1998), KMO measure close to 1 indicates better 

performance related to correlations between variables. Kaiser (1974) pointed out that score of 

0.60 is mediocre and 0.80 or higher is desirable. Tabachnick and Fidell (2001) argued that the 

value above 0.60 is considered as suitable for factor analysis. The criteria used in this study is 

that KMO value should be higher than 0.60.  

After measuring the sample adequacy, unidimensionality is tested to determine whether a set 

of indicators reflect only a single underlying factor or not (Segars, 1997). The measurement 

items should be strongly associated with the construct they intend to measure. Without 



 176 

specifying the number of constructs prior to the analysis, principal component method is 

applied to conducting data analysis. With regard to rotation methods, Varimax method is 

employed as it is the most common choice to clarify factors in previous studies (Costello and 

Osborne, 2005). This study applies three criteria to the purification of items. The first criteria 

is that items with factor loadings higher than 0.30 is acceptable (Flynn et al.1994). Second, 

eigenvalue of subscale should be greater than 1.0. According to Kaiser (1958), eigenvalue 

below 1.0 indicates that the factor is potentially unstable. Third, the variance of the items 

extracted in communality should be above 0.50.  

On the other hand, the researcher should identify the items that do not measure a priori factor 

or that strongly load on multiple factors. Cross-loading should be examined as it leads to the 

issue of factor intercorrelations. If the difference between the loading on the intended construct 

and the loading on other constructs of the cross-loaded items is less than 0.15, the researcher 

should remove the items from the scale (Worthington and Whittaker, 2006). Moreover, Chen 

and Paulraj (2004) argued that nuisance items, those items that do not load on targeted factors 

should be dropped.  

In the next step, Cronbach’s alpha test is performed to estimate the reliability of the subscale 

(Cronbach, 1951). Constructs are considered acceptable if the reliability coefficients exceed 

0.70. Researchers should delete the constructs that fail to achieve the targeted alpha value.  

5.5.1 Exploratory factor analysis: Engagement in science park collaborative 

network (ESPCN) 
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First of all, KMO value for the ESPCN construct is 0.935, which is much higher than cut-off 

value of 0.60, indicating that the data is suitable for the exploration of factor structure. 

Furthermore, the SPSS v26 is adopted in the study. four factors are extracted by EFA from the 

data, which supports the original structure developed by the author. All measurement items for 

the ESPCN construct meet the three criteria proposed above. First, the factor loadings of items 

in the scale are larger than 0.30. All items load most strongly on the factor they intend to 

measure, with the factor loadings ranging from 0.700 to 0.825. Although several items load on 

two factors, the difference between the factor loadings is greater than 0.15. Thus, they are still 

kept in the scale. Second, the eigenvalues of the four factors all exceed 1.0. Second, the 

variance of the items extracted by factors are all above 0.50. In addition, the four factors present 

a satisfactory level of Cronbach’s alpha scores, ranging from 0.852 to 0.915, which are greater 

than the cut-off value of 0.70.  

Table 5.3. EFA results of ESPCN 

 

Component 

Factor 1 

Eigenvalue=9.472 

Percentage of 

variance=45.104 

Cronbach’s 

alpha=0.915 

Factor 2 

Eigenvalue=2.350 

Percentage of 

variance=11.192 

Cronbach’s 

alpha=0.922 

Factor 3 

Eigenvalue=1.687 

Percentage of 

variance=8.034 

Cronbach’s 

alpha=0.907 

Factor 4 

Eigenvalue=1.494 

Percentage of 

variance=7.115 

Cronbach’s 

alpha=0.852 

ITI1 0.817    

ITI2 0.741    
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ITI3 0.726    

ITI4 0.766    

ITI5 0.768    

ITI6 0.767    

IFI1  0.799   

IFI2  0.759   

IFI3  0.790   

IFI4  0.785   

IFI5  0.825   

IFC1   0.784  

IFC2   0.795  

IFC3   0.806  

IFC4   0.796  

IFC5   0.725  

AIC1    0.704 

AIC2    0.738 

AIC3    0.804 

AIC4    0.796 

AIC5    0.700 

 

5.5.2 Exploratory factor analysis: Innovation capabilities (IC) 

KMO value for IC construct is 0.917, which indicates a satisfactory level of sample adequacy. 

According to the results from varimax rotation, four factors are extracted from the sample data. 

Three items, IG1, PD4 and PD6, have been eliminated from the scale. IG1 is dropped as it does 

not load on the targeted construct. PD4 and PD6 are deleted as a result of cross-loading 
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problems. As for PD4 and PD6, their loadings on non-targeted construct are higher than that 

on the construct they intend to measure. The other 18 items measure the dimensions as 

intended, with the factor loadings ranging from 0.604 to 0.900. Hence, they are retained in the 

scale. Besides, the eigenvalues for the four factors exceed the minimum criteria of 1.0. The 

variance of items extracted in commonality are greater than 0.50. Besides, the four factors 

achieve the target value of Cronbach’s alpha, ranging from 0.823 to 0.919. 

 

Table 5.4. EFA results of IC 

 

Component 

Factor 1 

Eigenvalue=8.560 

Percentage of 

variance=50.354 

Cronbach’s 

alpha=0.919 

Factor 2 

Eigenvalue=1.535 

Percentage of 

variance=9.032 

Cronbach’s 

alpha=0.912 

Factor 3 

Eigenvalue=1.414 

Percentage of 

variance=8.318 

Cronbach’s 

alpha=0.909 

Factor 4 

Eigenvalue=1.333 

Percentage of 

variance=7.840 

Cronbach’s 

alpha=0.823 

PcD1 .822    

PcD2 .778    

PcD3 .774    

PcD4 .770    

PcD5 .769    

PD1  .817   

PD2  .831   

PD3  .774   
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PD5  .771   

IG2   .725  

IG3   .685  

IG4   .895  

IG5   .901  

OL1    .810 

OL2    .818 

OL3    .718 

OL4    .604 

 

5.6 CONFIRMATORY FACTOR ANALYSIS 

CFA is usually used for assessing the validity of a scale based on EFA that have identified the 

correct pattern of item-factor relationship (Hoyle, 2012; Worthington and Whittaker, 2006). It 

provides a basis for the structural model that specifies the relationships between various 

constructs.  

Firstly, it is not satisfactory to analyse a single model. In order to confirm the factor model of 

ESPCN and IC, the researcher examines competing models to appraise the degree to which a 

priori measurement model fits the data better than alternative models. Comparison of model fit 

is undertaken to identify whether a significant loss in fit indices occurs when going from the 

hypothesized factor model to competing models. Two of the four-correlated factor models are 

compared with Harman’s one-factor models and four-uncorrelated factor models (Harman, 

1960).  
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Secondly, the researcher evaluates construct validity, which can be defined as the degree to 

which the items in a scale measures the theoretical construct they intend to measure (Peter 

1980, p.134). It reflects the notion of convergence, which indicates the degree to which items 

chosen measure the factors they are hypothesised to measure as well as discrimination between 

those items and items of a different factor. In order words, construct validity could be achieved 

when multiple indicators of the same construct are highly correlated and not relate highly with 

indicators of other constructs. Construct validity is measured in terms of convergent validity 

and discriminant validity. 

With regard to convergent validity, it reflects the extent to which an observed item correlates 

highly with other items used to measure the same factor (Churchill, 1979). The items designed 

to measure the same construct should be highly intercorrelated among themselves (Voorhees 

et al., 2016). According to Fornell and Larcker (1981), the average variance extracted (AVE) 

value of constructs should be greater than 0.50. Bagozzi and Yi (1998) recommend threshold 

values of 0.70 for composite reliability.  

Compared to convergent validity, discriminant validity is relatively difficult to achieve. 

Discriminant validity shows the extent to which measures of a particular construct differ from 

others in the same model (Zeng et al., 2010). All theoretical constructs in a research model 

should have relatively low inter-correlations (ϕ) (Voorhees et al., 2016). The inter-correlation 

value (ϕ) that is below 0.70 indicates discriminant validity of constructs in the model. In 

addition, this study utilizes a stronger test of discriminant validity among the first-order 

constructs. The AVE values of each latent variables are compared with the square of correlation 
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of the specific construct with any other constructs (ϕ2) (Zait and Bertea, 2011; Fornell and 

Larcker, 1981). AVE reflects the explained variance of the construct. This test aims to examine 

whether the items of the factor explain more variance than do the items of the other factors. 

Hence, if the AVE values are larger than square of correlation among constructs (ϕ2) , there is 

not a problem with discriminant validity.  

Thirdly, the researcher performs second-order factor analysis to examine whether the 

covariances among the first-order constructs are accounted for by second-order constructs. 

Marsh and Hocevar (1985) propose a index to test if second-order factors are able to explain 

the factor covariances effectively, which is called target coefficient (T). It is the ratio of the 

chi-square of the first-order factor model to the chi-square of the second-order factor model. A 

target coefficient of 1 suggests that the relationships among the first-order variables could be 

totally explained by a higher-order variable. T coefficient of 0.80-1.00 indicates that the 

second-order factor effectively accounts for first-order factors.   

5.6.1 Confirmatory factor analysis: ESPCN 

5.6.1.1 Comparison with competing models 

Table 5.5 shows model fit indices of one-factor model (Model 1), four-uncorrelated factor 

model (Model 2), and four-correlated factor model (Model 3). In the one-factor model, all items 

of ESPCN are all loaded onto a single factor. Model fitness of one-factor model is evaluated to 

examine whether observed variables can be explained by a single factor. With regard to Model 

2, the covariances among the four first-order constructs are all assumed to be zero. In the 

hypothesised model, four latent constructs of ESPCN are correlated with each other.  
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As shown in Table 5.5, the null model with four uncorrelated factors fits the data better than 

the model with single factor. The one-factor model represents observed data poorly, suggesting 

that it is an unacceptable model. The results also demonstrate that the fitness performance of 

four-correlated factor model is better than both one-factor model and null model. This indicates 

that a priori model fits the data better than the other two models. The fit indices of a priori 

model indicate a satisfactory level of model fit. Besides, χ2 difference test is used to compute 

the difference of χ2 value between the hypothesized model and the null model. In summary, the 

results of comparison with alternative models suggests that the hypothesized model of ESPCN 

is the most satisfactory model.  

Table 5.5. Fit statistics of competing models of ESPCN 

Model χ2 Df Normed χ2  CFI NNFI RMSEA SRMR 

Model 1 1786.661 189 9.453 0.638 0.598 0.165 0.117 

Model 2 714.763 187 3.822 0.881 0.866 0.095 0.310 

Model 3 324.354 181 1.792 0.968 0.962 0.050 0.043 

5.6.1.2 Validation of first-order constructs 

In terms of convergent validity, all the items load strongly on the intended factors as factor 

loadings are above 0.60. According to Table 5.6, the composite reliabilities of ESPCN’s four 

factors are all higher than 0.70. Table 4 shows that the AVE values of four first-order factors 

exceed 0.50. The results indicate that all dimensions of the measurement model of ESPCN 

exhibit good convergent validity. The scale items sufficiently represent their target construct.  
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With regard to discriminant validity, Table 5.7 demonstrates that the ϕ value is lower than 0.70. 

It suggests that the scale items do not measure the factors that are not supposed to be 

theoretically correlated with. Table 5.7 reveals that the AVE values of each latent variable is 

greater than square of any correlation among any pair of latent variables (ϕ2) . This result 

provides evidence of discriminant validity among first-order constructs of IC. 

Table 5.6. Convergent validity of first-order model of ESPCN 

Construct CR AVE 

AIC 0.854 0.540 

IFC 0.908 0.664 

ITI 0.922 0.665 

IFI 0.912 0.674 

Table 5.7. Discriminant validity of first-order model of ESPCN 

Construct AVE Inter-

correlation 

ϕ ϕ2 AVE > ϕ2? 

AIC 0.540 AIC and IFC 0.57 0.325 Yes 

IFC 0.664 AIC and ITI 0.49 0.240 Yes 

ITI 0.665 AIC and IFI 0.43 0.185 Yes 

IFI 0.674 IFC and ITI 0.60 0.360 Yes 

  IFC and IFI 0.53 0.281 Yes 

  IWTI and IFI 0.69 0.476 Yes 
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Figure 5.1. First-order model of ESPCN 
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5.6.1.3Validation of second-order model 

The results provide evidence that a satisfactory level of fitness is associated with the second-

order factor model (as shown in Table 5.8). In addition, T coefficient is tested to evaluate the 

extent to which first-order constructs can be subsummed under a higher-order construct. By 

comparing chi-square value of the second-order model and the model with four intercorrelated 

factors, it is T coefficients for ESPCN is 0.955, this result indicates the existence of the second-

order construct model. Four sub-constructs load significantly onto the second-order construct. 

The second-order model could sufficiently explain the relations among the corresponding first-

order factors.  

 

Table 5.8. Comparison of fitness of second-order model of ESPCN to four-correlated model 

Model χ2 Df Normed χ2  CFI NNFI RMSEA SRMR 

Model 3 324.354 181 1.792 0.968 0.962 0.050 0.043 

Model 4 339.714 183 1.856 0.965 0.959 0.052 0.051 
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Figure 5.2. Second-order model of ESPCN 
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5.6.2 Confirmatory factor analysis: IC 

5.6.2.1 Comparison with competing models 

Table 5.9 shows fit statistics of one-factor model (Model 1), four-uncorrelated factor model 

(Model 2), and four-correlated factor model (Model 3). It obviously suggests that Model 3 have 

better performance in fitness than Model 1 and Model 2. The one-factor model and four-

uncorrelated factor model. The hypothesized model of IC with four correlated factors fit the 

sample data better than the other two models. Additionally, the χ2 difference is significant at 

0.01 level. Therefore, the hypothesized first-order model of IC is the best choice for this 

research.  

Table 5.9. Fit statistics of competing models of IC 

Model χ2 Df Normed χ2  CFI NNFI RMSEA SRMR 

Model 1 1604.154 119 13.480 0.634 0.582 0.200 0.102 

Model 2 735.115 119 6.117 0.848 0.827 0.129 0.354 

Model 3 237.050 111 2.136 0.969 0.962 0.060 0.074 

5.6.2.2 Validation of first-order constructs 

As for convergent validity, Figure 5.3 shows that all the items of IC load strongly on the 

intended factors as all factor loadings are larger than 0.70. The composite reliabilities of IC’s 

four dimensions are all higher than 0.70. Table 5.10 shows that the AVE values of four first-

order factors exceed 0.50. The results indicate that all sub-scales of the measurement model of 

IC show convergent validity.  
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Values of inter-correlation (ϕ) between sub-constructs of IC are lower than 0.70, which 

indicates discriminant validity. Table 5.11 reveals that the AVE values of each latent variable 

is greater than square of any correlation among first-order variables (ϕ2) . This result provides 

evidence of discriminant validity. 

 

Figure 5.3. First-order model of IC 
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Table 5.10. Convergent validity of first-order model of IC 

Construct CR AVE 

OL 0.801 0.503 

IG 0.903 0.707 

PD 0.913 0.723 

PcD 0.920 0.697 

Table 5.11. Discriminant validity of first-order model of IC 

Construct AVE Inter-

correlation 

ϕ  ϕ2 AVE > ϕ2 

OL 0.503 OL and IG 0.46 0.212 Yes 

IG 0.707 OL and PD 0.63 0.397 Yes 

PD 0.723 OL and PcD 0.66 0.436 Yes 

PcD 0.697 IG and PD 0.52 0.270 Yes 

  IG and PcD 0.53 0.281 Yes 

  PD and PcD 0.67 0.449 Yes 

 

5.6.2.3 Validation of second-order constructs 

For one thing, the result regarding fitness performance of the second-order factor model reveals 

that the second-order factor model has a good fit to the empirical data. For another, T 

coefficient for the second-order model of IC is 0.995, which provides strong evidence that the 

model is acceptable. Four sub-constructs load significantly onto the second-order construct. 

Thus, the second-order construct is able to represent the relationships between underlying sub-

constructs.  
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Table 5.12. Fitness comparison of second-order model of IC to four-correlated model 

Model χ2 Df Normed χ2  CFI NNFI RMSEA SRMR 

Model 3 237.050 111 2.136 0.969 0.962 0.060 0.074 

Model 4 238.275 113 2.109 0.969 0.963 0.060 0.074 

 

Figure 5.4. Second-order model of IC 
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5.6.3 Test of CFA model 

CFA has been undertaken to examine the measurement model in terms of ESPCN, IC, and 

financial performance. 9 first-order constructs have been tested together. The model fit 

performance which is shown in Table 5.13, the measurement model is acceptable. Table 5. 

indicates that factor loadings are satisfactory. According to Table 5.14 and Table 5.15, the 

values of AVE and composite reliability suggest convergent validity of the nine constructs. 

The square of inter-correlation between any two constructs (ϕ2) in the model is lower than 

AVE values. Thus, there is no problem with discriminant validity.  

Table 5.13. Fitness performance of the CFA model 

 

Table 5.14. Results of CFA model 

N=312 Standardised factor loading 

 (Error) 

t-value Composite 

reliability 

Academic-industry 

collaboration (AIC) 

   

AIC1 0.71 (0.50) N/A 0.853 

AIC2 0.70 (0.51) 11.344  

AIC3 0.75 (0.44) 12.159  

AIC4 0.78 (0.39) 12.488  

AIC5 0.72 (0.48) 11.686  

Model χ2 Df Normed χ2  CFI NNFI RMSEA SRMR 

CFA model 1248.529 781 1.599 0.952 0.947 0.044 0.0539 
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Inter-firm 

collaboration (IFC) 

   

IFC1 0.85 (0.28) N/A 0.909 

IFC2 0.82 (0.33) 17.417  

IFC3 0.83 (0.31) 18.041  

IFC4 0.84 (0.29) 18.141  

IFC5 0.74 (0.45) 15.161  

Interaction with 

technology 

intermediaries (ITI) 

   

ITI1 0.86 (0.26) N/A 0.923 

ITI2 0.77 (0.41) 16.474  

ITI3 0.79 (0.38) 17.155  

ITI4 0.83 (0.31) 18.277  

ITI5 0.83 (0.31) 18.374  

ITI6 0.82 (0.33) 17.901  

Interaction with 

financial institutions 

(IFI) 

   

IFI1 0.75 (0.44) N/A 0.912 

IFI2 0.83 (0.31) 14.957  

IFI3 0.83 (0.31) 18.879  

IFI4 0.88 (0.23) 15.826  

IFI5 0.81 (0.34) 18.131  

Organisational 

learning (OL) 

   

OL1 0.75 (0.44) N/A 0.827 

OL2 0.75 (0.44) 12.237  

OL3 0.73 (0.47) 11.925  



 194 

OL4 0.72 (0.48) 11.803  

Idea generation (IG)    

IG2 0.71 (0.50) N/A 0.905 

IG3 0.65 (0.58) 15.244  

IG4 0.98 (0.04) 16.873  

IG5 0.98 (0.04) 16.875  

Product development 

(PD) 

   

PD1 0.85 (0.28) N/A 0.911 

PD2 0.87 (0.24) 19.881  

PD3 0.87 (0.24) 19.565  

PD5 0.80 (0.36) 17.293  

Process development 

(PcD) 

   

PcD1 0.87 (0.24) N/A 0..920 

PcD2 0.87 (0.24) 20.606  

PcD3 0.81 (0.34) 18.362  

PcD4 0.80 (0.36) 17.775  

PcD5 0.82 (0.33) 18.427  

Financial performance 

(FP) 

   

FP1 0.81 (0.34) N/A 0.899 

FP2 0.78 (0.39) 15.448  

FP3 0.86 (0.26) 17.385  

FP4 0.87 (0.24) 17.809  
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Table 5.15 Discriminant validity test of CFA model 

Construct AVE Inter-

correlation 

ϕ ϕ2 AVE > ϕ2? 

Academic-industry 

collaboration (AIC) 

0.537 AIC and 

IFC 

0.57 0.325 Yes 

Inter-firm collaboration 

(IFC) 

0.667 AIC and ITI 0.49 0.240 Yes 

Interaction with 

technology intermediaries 

(ITI) 

0.668 AIC and IFI 0.43 0.185 Yes 

Interaction with 

technology intermediaries 

(IFI) 

0.674 AIC and OL 0.62 0.384 Yes 

Organisational learning 

(OL) 

0.544 AIC and IG 0.43 0.185 Yes 

Idea generation (IG) 0.712 AIC and PD 0.55 0.303 Yes 

Product development (PD) 0.719 AIC and 

PcD 

0.52 0.270 Yes 

Process development 

(PcD) 

0.697 AIC and FP 0.61 0.372 Yes 

Financial performance 

(FP) 

0.690 IFC and ITI 0.60 0.360 Yes 

  IFC and IFI 0.53 0.281 Yes 

  IFC and OL 0.49 0.240 Yes 

  IFC and IG 0.47 0.221 Yes 

  IFC and PD 0.47 0.221 Yes 

  IFC and 

PcD 

0.53 0.281 Yes 
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  IFC and FP 0.42 0.176 Yes 

  ITI and IFI 0.69 0.476 Yes 

  ITI and OL 0.55 0.303 Yes 

  ITI and IG 0.42 0.176 Yes 

  ITI and PD 0.55 0.303 Yes 

  ITI and PcD 0.60 0.360 Yes 

  ITI and FP 0.52 0.270 Yes 

  IFI and OL 0.47 0.221 Yes 

  IFI and IG 0.40 0.160 Yes 

  IFI and PD 0.52 0.270 Yes 

  IFI and PcD 0.54 0.292 Yes 

  IFI and FP 0.55 0.303 Yes 

  OL and IG 0.43 0.185 Yes 

  OL and PD 0.59 0.348 Yes 

  OL and PcD 0.63 0.397 Yes 

  OL and FP 0.54 0.292 Yes 

  IG and PD 0.52 0.270 Yes 

  IG and PcD 0.53 0.281 Yes 

  IG and FP 0.41 0.168 Yes 

  PD and PcD 0.67 0.449 Yes 

  PD and FP 0.58 0.336 Yes 

  PcD and FP 0.60 0.360 Yes 
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5.6.3 Common method bias 

According to Podsakoff et al. (2003, p.979), common method bias “is attributable to the 

measurement method rather than to the constructs the measures represent.” The use of a 

common rater is a source of common method bias. In this survey, the researcher designs a 

questionnaire using 7-point Likert scale, which poses a potential problem to the results of data 

analysis. Common method bias also occurs when the answers are obtained from a single 

respondent, which is a potentially serious concern for the researcher. To remediate this problem, 

Harmon’s single-factor model test is conducted to assess the likelihood of existence of common 

method bias. Confirmatory factor analysis is applied to Harman’s single-factor model (Brewer 

et al., 1979; Flynn et al., 2010). The model fit of a one-factor model is compared to that of a 

CFA model including 9 proposed constructs. Table 5.16 reflects that single-factor model has a 

poor fit compared with CFA model, which indicates common method bias is small. 

Table 5.16. Common method bias test 

 

5.7 STRUCTURAL MODEL 

The final stage is to check the structural model when the measurement model is confirmed. 

The next stage is to test the structural model when the measurement model is confirmed. Firstly, 

the overall model fit of the hypothesized model is measured by both absolute fit indices 

(RMSEA and SRMR) and incremental fit indices (NNFI and CFI). The fit statistics of the 

Model χ2 Df Normed χ2  CFI NNFI RMSEA SRMR 

CFA model 1248.529 781 1.599 0.952 0.947 0.044 0.0539 

Single-factor 

model 

5184.910 819 6.331 0.555 0.532 0.131 0.0967 
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structural model are summarized in Table 5.16. After assessment of model fit, hypotheses 

proposed in the framework are tested.  

Table 5.17. Fit indices of structural model 

 

 

Model χ2 Df Normed χ2  CFI NNFI RMSEA SRMR 

Overall-effect 

structural model 

(Model A) 

1280.184 804 1.592 0.951 0.948 0.044 0.061 

Individual-effect 

structural model 

(Model B) 

1216.997 975 1.531 0.957 0.953 0.041 0.055 
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Figure 5.5. Hypotheses testing with overall-effect model
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Figure 5.6. Hypotheses testing with individual-effect model 
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5.7.1Data analysis of overall-effect model 

The fit statistics of the structural model are summarized in Table 5.16. The overall goodness 

of fit indices suggest satisfactory fit of the hypothesized model. The value of normed chi-square 

(χ2 /df) is 1.592, which is less than 2.0, indicating a good model fit. RMSEA is 0.044, which is 

below 0.08, reflecting a good fit to the data. The values of NNFI and CFI are above 0.90. The 

results reveal that the model does a good job in representing the structure underlying the data. 

The next step is to test the three hypotheses proposed in this study with an examination of 

structural coefficients within the structural model. The Figure 1 shows the path diagram for the 

structural model. H1 predicts the path from ESPCN to IC. As shown in Figure 1, the path 

coefficient from ESPCN to IC is 0.88, which is statistically significant at the level of 0.001. 

This indicates that Hypothesis 1 is supported. Engagement in science park network has 

positive, significant and direct impacts on innovation capabilities of tenant firms. Hypothesis 

2 that predicts IC has a positive and significant effect on FP is also supported with path 

coefficient of 0.41, which is significant at the level of 0.05. By yielding a positive and 

significant path coefficient for the relationship between ESPCN and FP, Hypothesis 3 is 

supported. This suggests that engagement in science park network has positive, significant and 

direct impacts on financial performance of on-park firms. Besides, EPSCN also has an positive 

and indirect effect on FP along the path of IC In a word, the results support the claim that 

engagement in science park network drives tenants to achieve superior innovation capabilities 

and financial performance.  
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5.7.1.1 Mediation effect test 

This study follows the approach developed by Sarkis et al. (2010) to test mediation effect of 

innovation capabilities. The existence of mediation effect manifest in satisfying four conditions 

proposed by Sarkis et al. (2010). The first condition is that independent variables have 

significant impacts on dependent variables without the mediator. The second condition is that 

independent variables have significant impacts on mediator. Thirdly, mediator needs to exert 

significant effects on dependent variables. Finally, adding the mediator diminishes the impacts 

of independent variables on dependent variables. Three results can be obtained from the test of 

mediation model. If the results do not satisfy any of the conditions, no mediation effect exists. 

If all the conditions are satisfied and the impact of the independent variable on the dependent 

variable is significant, the independent variable is partially mediated by the mediator. If all the 

conditions are satisfied and the independent variable is insignificantly related to the dependent 

variable, the independent variable is completely mediated.  

The first step of testing mediation effect of IC is to examine the relationship between 

independent variable (ESPCN) and the dependent variable (FP). Figure 7 demonstrates 

significant relationship between ESPCN and FP (p < 0.001). The second step of mediation 

evaluation is to test the relationship between ESPCN and IC. The figure shows that the impact 

of ESPCN on IC is significant at the level of p < 0.001. The third step is to show the relationship 

between IC and FP. It can be found that IC has significant impacts on FP at the p < 0.05 level. 

Finally, the author compares the effects of ESPCN on FP with and without the mediator IC. 

The effect of ESPCN on FP is weaker with the mediator than that without the mediator. Thus, 
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the mediation effect exists. The existence of complete mediation effect is only available when 

ESPCN has insignificant effects on FP with the mediator. However, there is statistically 

significant relationship between ESPCN and FP with the mediator IC. Hence, ESPCN is 

partially mediated by IC.  

Figure 5.7. Mediation testing model  
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5.7.2 Data analysis of individual-effect model 

The overall goodness of fit indices suggests satisfactory fit of the hypothesized model. 

According to Table 11, the value of normed chi-square is less than 2.0; RMSEA is lower than 

0.08; SRMR is below 0.08; and the values of CFI, IFI and NNFI exceed 0.95. The results reveal 

that the model does a good job in representing the structure underlying the data.  

The hypotheses are tested after confirming that the structural model fits the data. Figure shows 

the path diagram for the structural model. The path coefficient from AIC to IC and from AIC 

to FP are 0.38 and 0.28 respectively (p<0.001), indicating that H3a and H4b are supported. 

Academic-industry collaboration has positive and significant impacts on innovation 

capabilities and financial performance. H5a that predicts inter-firm collaboration has positive 

and significant impacts on innovation capabilities is supported with path coefficient of 0.40, 

which is significant at the level of 0.05. However, H5b is not supported as path coefficient is 

negative and significant at the 0.05 level. Inter-firm collaboration has negative and significant 

impacts on financial performance.  

By yielding a positive and significant path coefficient for the relationship between ITI and IC, 

H6a is supported. This suggests that interaction with technology intermediaries has positive 

and significant impacts on innovation capabilities. However, H6b is not supported as path 

coefficient is not statistically significant. There is no significant association between interaction 

with technology intermediaries and financial performance of firms. Both H7a and H7b are 

supported since path coefficients are positive and significant at the level of 0.05 and 0.01 

respectively. Interaction with financial institutions is positively and significantly related to 
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firms’ innovation capabilities and financial performance. 

Table 5.18. Hypotheses testing results 

Structural links Supported or not 

supported 

Standardised path 

coefficient  

t-value 

H1: ESPCN -> innovation 

capabilities 

Supported 0.88 7.436 

H2: ESPCN -> financial 

performance 

Supported 0.33 1.993 

H3: Innovation capabilities -> 

financial performance 

Supported 0.41 2.432 

H4a: Academic-industry 

collaboration -> innovation 

capabilities 

Supported 0.38 5.236 

H4b: Academic-industry 

collaboration -> financial 

performance 

Supported 0.28 3.528 

H5a: Inter-firm collaboration -

> Innovation capabilities 

Supported 0.14 2.065 

H5b: Inter-firm collaboration 

-> Financial performance 

Not supported -0.15 -2.135 

H6a: Interaction with 

technology intermediaries -> 

Innovation capabilities 

Supported 0.32 3.982 

H6b: Interaction with 

technology intermediaries -> 

Financial performance 

Not supported 0.00 0.20 

H7a: Interaction with 

financial institutions -> 

Supported 0.18 2.539 
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Innovation capabilities 

H7b: Interaction with 

financial institutions -> 

Financial performance  

Supported 0.21 2.833 

 

 

5.9 CONCLUSION 

First of all, the measurement scale of ESPCN and innovation capabilities have been validated 

by a rigorous process in this chapter. First-order constructs that compose ESPCN have been 

assessed through EFA and CFA. ESPCN construct can represent the covariances between four 

sub-dimensions, including academic-industry collaboration, inter-firm collaboration, 

interaction with technology intermediaries, and interaction with financial institutions. The 

higher-order construct of innovation capabilities that is composed of three first-order constructs, 

has also been validated. Two structural models developed in Chapter 4 are validated when the 

measurement model has been confirmed. Overall-effect model reflects the impacts of ESPCN 

on innovation capabilities and financial performance of tenant firms. Individual-effect model 

reflects how individual dimensions of ESPCN scale influences innovation capabilities and 

financial performance of tenants differently. 9 of 11 hypotheses proposed in hypothesised 

model are supported by a sample data of 312 managers of Chinese science park firms.  
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CHAPTER 6 DISCUSSION  

6.1 INTRODUCTION 

This chapter aims to discuss research findings based on the results of data analysis. Each section 

of Chapter 6 links back to three research questions proposed in introduction chapter. The 

research questions are listed as below: 

RQ1) What would the measurement scale of ESPCN entail? 

RQ2) What is the impact of ESPCN on innovation capabilities and financial performance of 

tenant firms? 

RQ3) What are the impacts of four types of relationships exist in science park ecosystem on 

innovation capabilities and financial performance of tenant firms? 

The first research question has been answered by proposing a multi-dimensional construct of 

ESPCN. The construct has been developed based on Chapter of Literature of Review and then 

it has been proposed in Chapter 3 as a part of conceptual framework. Its validity and reliability 

have been checked by Results Chapter. Hence, the measurement scale of ESPCN has been 

identified and the first question has been solved. In addition, two models proposed in Chapter 

3 provide a basis for answering the second and the third research questions. Chapter 5 examines 

two structural models after the validity tests of measurement scales of ESPCN and innovation 

capabilities. Chapter 5 tests and validates two structural models, including Model A which 

examines the overall impacts of ESPCN on innovation capabilities and financial performance 

of tenant firms in Chinese context, as well as Model B that assesses the impacts of ESPCN’s 
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individual dimensions on tenants. The results indicate that 9 of 11 hypothesised relationships 

proposed in Chapter 3 have been supported by the results of structural model analysis, which 

answer the second and the third research questions.  

Chapter 6 is structured as follows. Section 6.2 discusses the measurement scale of ESPCN. 

Section 6.3 presents a discussion of the individual impacts of four dimensions of ESPCN on 

innovation and financial performance of science park firms. In Section 6.4 overall effects of 

ESPCN on tenant firms have been discussed. The discussion of individual-effect structural 

model (Model B) has been presented prior to that of overall-effect model (Model A) so that 

Model A can be discussed based on comparison to Model B.  

6.2 DISCUSSION OF MEASUREMENT SCALE OF ESPCN 

Chapter 5 has applied SEM approach to validating the measurement scale of ESPCN. The 

results indicate that four first-order constructs constitute higher-order construct of ESPCN, 

including academic-industry collaboration, inter-firm collaboration, interaction with 

technology intermediaries, and interaction with financial institutions. It is suggested that 

ESPCN can be represented by four dimensions, which are positively and significantly 

correlated with each other. The multi-dimensional construct provides a basis for exploring the 

impacts of science park ecosystem on resident firms. It provides a checklist for tenants 

regarding how to exploit the benefits brought by a science park location to create value. Firms 

can utilise network relationships with different organisations within science parks to cope with 

rapidly changing markets and increasing complexity of technology.  
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The second-order model of ESPCN reveals that interaction with technology intermediaries 

demonstrates the highest factor loading of 0.85. It indicates that interaction with technology 

intermediaries displays the greatest explanatory power of ESPCN. Technology intermediaries 

function as knowledge brokers which encourage and promote knowledge sharing and 

networking between resident firms and various organisations in science park ecosystem 

(Howells, 2006). Within the innovation system of science parks, they play a critical role in 

supporting and stimulating the growth of tenant firms. Technology intermediaries are 

committed to performing enabling functions for tenants’ innovation process (Miller, 2014). 

Technology intermediaries sit at the intersection of various actors on science park ecosystem. 

They integrate knowledge bases of different science park actors, which can help firms identify 

suitable knowledge or technology (Lin et al., 2016). They play a key role in linking firms and 

institutions within innovation system of science park (Inkinen and Suora, 2010). With the 

assistance of technology intermediaries, firms can get quick access to suitable academic or 

business partners, and financial investors. In addition, there is high level of correlation value 

between interaction with technology intermediaries and interaction with financial institutions 

according to first-order model of ESPCN, which is 0.69. Technology intermediaries and 

financial institutions are both important supportive institutions that give assistance to 

innovative activities of firms resident on science parks. Technology intermediaries can 

facilitate tenants’ access to finance for R&D and innovative activities and financial services 

that help tenants to overcome barriers to innovation (Lin et al., 2016).  
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6.3 DISCUSSION OF INDIVIDUAL-EFFECT MODEL (MODEL B) 

This study tests the individual effects of four types of relationships exist in science park 

ecosystem on the hosted firms. The impacts of academic-industry collaboration, inter-firm 

collaboration, interaction with technology intermediaries, and interaction with financial 

institutions on science park firms will be discussed. The results of testing the individual-effect 

model show that two out of eight hypotheses proposed in Chapter 3 are not supported. Firstly, 

academic-industry collaboration has the greatest impacts on both innovation capabilities and 

financial performance of firms. Inter-firm collaboration has positive impacts on innovation 

capabilities while has negative impacts on financial performance. Interaction with technology 

intermediaries exert positive impacts on innovation capabilities while is insignificantly related 

to financial performance of tenants. Interaction with financial institutions is positively related 

to both innovation capabilities and financial performance. In a summary, relationships with 

academics and financial institutions are positively associated with both innovative and financial 

outcomes; relationships with other tenant firms and technology intermediaries have positive 

impacts on innovation, however, do not show positive impacts on financial value.  

6.3.1 The impacts of academic-industry collaboration 

Science parks provide an environment that promote linkages and collaborations between 

industrial businesses and knowledge creation institutions (Miller, 2014). According to Hansson 

(2007), the rationale for creating science parks lies in locating industrial sites proximate to 

higher education institutions or research centres, motivating the commercialisation of scientific 

research. The commercialisation of advancement in emerging areas of knowledge is a key 
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factor for innovation success (Etzkowitz and Klofsten, 2005). Collaboration with universities 

or research institutions appears to have the strongest effects on innovation capabilities and 

commercial performance. The findings of this study reveal that universities and research 

institutions are the most important source of superior innovativeness and commercial 

performance for science park firms. Science park establishments mainly contributes to 

promoting knowledge flow between academia and business sector. Cross-fertilization between 

academic community and business community is the dominate idea of science parks. Spatial 

proximity is favourable for firms developing close linkages with universities, which allows for 

greater knowledge exchange and resource sharing (Massey et al., 1992).  

Academic institutions are a major source of knowledge and talents that firms need. They are 

vehicles for knowledge creation and centres for knowledge diffusion (Tsai, 2009). Most of 

firms located on science parks are knowledge-based and innovate-oriented firms. Innovation 

plays a key role in achieving competitive advantage. Universities and R&D institutions are 

producers of new scientific and technological knowledge (Petruzelli, 2011). They provide a 

knowledge basis for technological development of firms that lead to commercial success. For 

one thing, they can generate new ideas and knowledge for product or process innovation of 

science park firms (Massey et al., 1992). For another, universities can also directly support the 

spin-off process of transforming results of scientific research into commercial businesses. They 

serve as knowledge repositories that help firms to make technological breakthroughs.  

Long duration of basic and fundamental research carried out by universities and public research 

institutions (PRIs) reduces the livelihood of earning immediate economic returns. However, 
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firms can obtain insights into scientific research and new ideas and knowledge acquired from 

universities and PRIs to open up new opportunities for innovation (Knudsen, 2007). 

Maintaining close ties with academic institutions leads to accumulation of knowledge stock, 

which contributes to innovation in a long term. They are ideal partners for to maintain sustained 

competitive advantage in the marketplace (Petruzelli, 2011).  

University scientific research drives industrial innovation (Perkmann and Walsh, 2009). 

Cutting-edge scientific research of academic institutions can provide a basis for industries’ 

technological upgrading (Arza, 2010). Companies can cooperate with academics for the 

development of specific technologies relevant to products and processes. Academics can be 

involved in testing of new ideas or concepts with commercial potential emerged within firms. 

Tenant firms can gain access to knowledge about the frontier of scientific research from local 

knowledge institutions. Academic institutions can provide assistance in terms of problem 

solving. Businesses can seek assistance from academics in terms of specific issues in their 

R&D and production process (Perkmann and Walsh, 2009). 

6.3.2 The impacts of inter-firm collaboration 

The relationship between inter-firm collaboration and financial performance is negative, which 

does not support H5b, which expects that inter-firm collaboration is positively related to tenants’ 

financial performance. Science park firms fail to achieve commercial benefits from inter-firm 

relationships. Besides, it is also unexpected that inter-firm network has the weakest impacts on 

innovation capabilities. Although the impact of inter-firm network on innovation capabilities 

is the weakest, the effect is significant (5a is supported). The result appears to be contradictory. 
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Collaboration with co-located firms is effective in improving firms’ ability to innovate while 

fails to improve financial performance. Firms can enhance their ability to generate creative 

ideas, develop new products and processes through inter-firm network. Inter-firm collaboration 

involves the combination of multiple knowledge bases to create new knowledge and develop 

technological innovation (Lin et al., 2016). Integration of knowledge domains enables rapid 

solutions to specific problems and fast access to suitable technical knowledge, which is 

important for innovation success (Tomlinson, 2010). However, the benefits obtained from 

business network in terms of innovation activities can not compensate for the costs associated 

with such network. Thus, tenant firms are unable to achieve superior financial performance by 

developing collaborative relationships with co-located firms. 

Opportunism has serious influences on inter-firm relationships. It results in increased 

transaction costs as one party pursue individual interests at the expense of its counterpart (Luo, 

2006). Opportunism incurs incur costly monitoring efforts (Wathne adn Heide, 2000). The firm 

will suffer from reduced economic value consequently. Firms have to invest heavily in 

coordination, which include the costs associated with the integration of decision-making and 

operation processes for the purpose of increasing resource utilization (Clemons and Row, 1992; 

Kumar and Dissel, 1996). The threat of opportunism enhances the need to develop mechanisms 

to monitor its counterpart’s behaviour, which incur increase in costs (Luo, 2006). Transaction 

risk arises from transaction-specific capital, information asymmetries, and loss of resource 

control (Kumar and Dissel, 1996). Transaction-specific capital refers to the investment in the 

asset that has no value in uses other than the specific partnership. Information asymmetries 

give rise to issues related to monitoring performance. Loss of resource control occurs when the 
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information or know-ow involved in the partnership cannot be returned or controlled if the 

partnership terminates. 

Firms are faced with bargaining, monitoring and maladaption costs in partnership (Dahlstrom 

and Nygaard, 1999). Negotiation between business partners can incur bargaining costs. 

Transacting parties need to modify or improve contractual terms. One party may behave 

opportunistically to enhance their bargaining position. The other party has to devote more 

resources to reduce the possibility that they are subject to opportunism behaviours. In order to 

ensure fulfillment of contracts, monitoring costs are incurred. Opportunism behavior of 

partners can influence monitoring costs significantly. Maladaption costs are expenditures 

associated with failures in communication and coordination between business partners. 

Negative effects of inter-firm relationships on financial performance indicate that firms have 

difficulty in achieving financial returns from investment in developing. If costs associated with 

negative aspects of inter-firm networking outweigh the benefits obtained from such 

relationships, financial performance would diminish. Co-location of science park firms benefit 

from collective learning and knowledge spillover. They can achieve superior innovation 

achievement by collaborating with co-located firms. They also face the risk of knowledge 

leakage (Grillitsch and Nilsson, 2017). However, if costs associated with negative aspects of 

inter-firm networking outweigh the benefits obtained from such relationships, financial 

performance would diminish. Despite some benefits, inter-firm relationships could inevitably 

lead to fiscal waste and inefficiency (Longoria, 2005). Transaction costs involve costs of 

information, search, negotiation, coordination, monitoring, as well as costs arising from 
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opportunism of partners. Collaborative relationships may have negative effectiveness when the 

other actors behave inappropriately (Fang et al., 2011).  

Oliveira and Lumineau (2019) pointed out multiple dimensions of conflict that may arise from 

networking relationships, including operating and structural conflicts, personal and cultural 

conflicts, and disagreements on strategic decisions. Conflicts and opportunism affect the 

relationships between partners. High level of conflicts between partners can result in decreased 

productivity and performance of firms (Abosag et al., 2016). Some studies provide evidence 

for negative impacts of opportunism on firm performance (Luo, 2007; Morgan and Hunt, 1994; 

Yang and Wang, 2013). The study of Luo (2007) suggests that opportunism in partnership 

reduce firms’ sales growth and financial returns. Opportunistic or unethical behaviours increase 

transaction costs.  

Firms may lose strategic resources to partners that in turn reduces firm performance. 

Knowledge leakage is a major problem of engaging in business network. Firms’ efforts to 

receive knowledge also result in knowledge leakage (Frishammar et al., 2015). It is believed 

that firms can improve their knowledge base through inter-firm relationships. However, they 

are likely to be faced with the loss of commercially valuable knowledge to other actors, which 

weakens their competitive position in the market. There is a need to control knowledge flow to 

avoid knowledge leakage (Frishammar et al., 2015). Protection of important knowledge is 

critical to competitiveness and firms need to develop appropriability regime or mechanism that 

protect its core knowledge from imitation by other actors. Decreasing the negative effects of 

dark sides within networking relationships can exert greater impacts on success of network 
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than purely investment in developing positive relationship (Abosag et al., 2016).  

Taking Chinese scenario into consideration, the rules of game over inter-firm relationships is 

different between China and developed economies (Zhou and Xu, 2012). It is difficult to predict 

and manage incidents in cooperative agreements in highly uncertain situations (Clemons and 

Row, 1992). Opportunistic behaviour is promoted by uncertainties. Emerging economies are 

characterized by high market volatility. In emerging economies, opportunism in contractual 

agreements easily arise from variable government policies, volatile markets, unverifiable 

information, and incomplete legal protection system (Luo, 2006). Great environmental change 

and regulatory instability are associated with rapid growth in China. Government intervention 

pays a key role in economic transition of emerging markets, which leads to market uncertainty. 

Government policies tend to be variable, making it difficult for firms to predict industry trends 

and structural change. Regulatory uncertainty poses an obstacle to strategy formation and 

implementation of firms. Partners are reluctant to contribute resources to joint activities as they 

have little control over risk arising from the uncertain context. In order to minimize exposure 

to uncertainty, firms decrease their resource commitment to partnership or behave 

opportunistically. Firms tend to seek their own interests in the face of such turbulence.  

Firms encounter institutional barriers as legal system in China that support market transactions 

is not well established (Zhou and Xu, 2012). As a result of untrustworthy legal system in 

emerging markets, firms are prone to withhold information or decrease their resource 

investment (Luo, 2006). Lack of legal protection of intellectual properties in China results in 

increased opportunism in cooperative relationships. Despite the enactment of a series of 
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commercial laws by the government, they are not enforced strictly in China. It is inevitable that 

firms perform opportunistically in the face of weak legal protection. Deficiency in supervision 

mechanisms increases hazards of appropriation. Firms react defensively to sustain their market 

position, making knowledge sharing in inter-partner coordination difficult.  

6.3.3 The impacts of interaction with technology intermediaries 

The data analysis indicates that there is no significant relationship between interaction with 

technology intermediaries and financial performance of science park firms. There is a positive 

and significant relationship between interaction with technology intermediaries and innovation 

capabilities of tenant firms. However, close relationships with technology intermediaries do 

not exert direct impacts on financial outcomes of firms. They play an important role in 

improving the efficiency of innovative activities of science park firms (De Silva et al., 2018). 

They support and facilitate collaborations for knowledge exchange and technology transfer 

(Lin et al., 2016). Their extensive network allows firms to get access to a large pool of 

knowledge and resources. As a result, they enable science park firms to maintain competitive 

advantage in innovation.  

Intermediary services do not significantly influence financial performance of tenants. Although 

technology intermediaries are effective in improving innovation capabilities of firms on science 

parks, they fail to help firms achieve economic payoffs. Intermediary institutions in China are 

still new and it is likely that they are not be able to help firms transform innovations into 

commercial benefits. The quality of services provided by Chinese technology intermediaries 

might not be high enough. They might fail to develop solid relationships with resident firms. 
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They may lack essential technology-specific or industry-specific knowledge to support firms 

to achieve success in the market (Teece 1998; Lichtenthaler, 2013). On the other hand, active 

involvement in cooperation with intermediary institutions may induce higher costs, making 

firms fail to improve their profits. Besides, science park firms should take an active part in four 

types of relationships simultaneously to reach satisfactory level of monetary performance.  

6.3.4 The impacts of interaction with financial institutions 

Apart from academic-industry collaboration, interaction with financial institutions is another 

type of relationship that is positively related to both innovation capabilities and financial 

performance. Many technology-based firms with innovative technologies are short of financial 

resources, and expertise in managing financial activities. Chinese science parks play a vital role 

in overcoming shortage of finance as well as financial expertise of hosted firms. They attract 

the influx of financial institutions as well as facilitate networking between tenants and financial 

institutions. The availability of finance enables firms in emerging markets to mitigate 

technological and economic risks to a large degree (George and Prabhu, 2003). Support from 

financial institutions have important implications for innovative and commercial achievement. 

Previous studies focus on the role of finance in influencing innovative or financial performance 

(King and Levine, 1993b; Demirguc-Kunt and Maksimovic, 1998; Celikyurt et al., 2010; Kerr 

et al., 2011). However, the functions of financial institutions are not limited to provision of 

finance, but also offer a wide range of value-added services. This study measures the effects of 

financial institutions on tenant firms in terms of both provision of funding and other types of 

financial services.  
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Support from financial institutions is of critical importance for innovation success as 

innovation involves high risk and high costs (O’Suillivan, 2005; .Yigitcanlar et al., 2018) One 

of the major obstacles to innovation is shortage of finance (Yigitcanlar et al., 2018). Insufficient 

finance is a key barrier to firm innovation and firm growth (Fowowe, 2017; Aghion et al., 2005). 

High-quality financial services are necessary for facilitating the improvement of innovation 

process. Financial institutions play an important role in assisting science park firms in 

expanding their technology resources, and financing and improving the efficiency of their 

innovation activities (Geroge and Prabhu, 2003; King and Levine, 1993). They contribute to 

reduction of information costs, survival and business growth in the long run (King and Levine, 

1993). The assistance provided by financial institutions is crucial for converting innovative 

ideas into commercialised innovations, which is key to achieving competitive advantage in the 

market. The expansion of operations, research and development, recruitment of high-qualified 

talents, and investment in equipment and facilities are unlikely without sufficient funding 

(Fowewe, 2017).  

Innovation activities are associated with uncertainty to a large degree (O’Suillivna, 2005). It is 

difficult to predict inputs and outputs of innovation activities. Innovative activities are 

unforeseeable and idiosyncratic, which entail a high likelihood of failure (Hsu et al., 2014). 

Many contingencies are hard to predict during innovation process. It is hard for firms to obtain 

immediate commercial returns from innovation process. Financial institutions play a key role 

in investment evaluation, risk management, and resource allocation (King and Levine, 1993). 

Knowledge accumulation of financial agencies can be translated into reliable advice for 

investment and capital management (George and Prabhu, 2003). Knowledge and services 
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provided by financial institutions motivate firms to engage in innovative projects with high risk 

and high uncertainty (Hsu et al., 2014). Moreover, innovation process is complex, ranging from 

concept development to market launch, which goes through multiple phases (O’Suillivan, 

2005). Financial support should be sustained until the innovative products are introduced to the 

market. It is widely agreed that innovation is time-consuming process. With the support of 

financial institutions on science parks, tenants can overcome finance limitations to undertake 

innovation activities and achieve commercial success in the market.  

6.4 DISCUSSION OF OVERALL-EFFECT STRUCTURAL MODEL 

(MODEL A)  

The effects of ESPCN on tenant firms are measured in terms of innovation capabilities and 

financial performance. The findings strongly support the hypothesis that science park network 

improves innovation capabilities and financial performance of tenants. Joint value creation 

process generates benefits for hosted firms. Agglomeration economy is associated with the 

concentration of economic activities (Malmberg and Maskell, 2002). It is associated with cost 

advantage as a result of a dedicated infrastructure, an education system of distinctive relevance, 

and a pool of high-skilled human resources (Maskell, 201). Science park location also helps 

firms save costs associated with collecting information and knowledge about business 

environment (Maskell, 2001). The spatially defined community makes it easier for resident 

firms to gain access to suitable knowledge, technology or partners. The signalling effect a 

location inside science parks helps hosted firms attract talents and capital, access wider market, 

and develop external network (Gwebu et al., 2018). Science parks provide assistance for 
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tenants in terms of finance, marketing and training (European Commission, 2013). 

Geographical proximity is driving force for interactive relationships (Vedovello, 1997). It is 

conducive to frequent and face-to-face interactions, which decrease transaction costs 

(Rodriguez-Pose and Hardy, 2014). Spatial closeness between various types of organisations 

facilitates knowledge spillover and fosters collective learning climate (Malmberg and Maskell, 

2002). It is easier for employers to find good choices of labour with required skills due to the 

availability of a local pool of high-skilled workforce. The concentration of institutions and 

commercial firms in one location are conducive to the formation of coordinative relationships 

and building of mutual trust (Malmberg and Maskell, 2002). The availability of collective 

resources diminishes transaction costs. Common situations make it easier to discover 

opportunities and threats and identify strengths and weaknesses (Malmberg and Maskell, 2002). 

Sharing of common culture with specific norms and values enables firms to acquire and 

understand subtle, tacit and complex knowledge (Maskell, 2001). Firms can collaborate with 

other actors of science parks to solve technical problems through exchange of subtle and 

complex information.  

Dynamic capabilities theory highlights firms’ ability to adapt external and internal resources to 

environmental changes, which delivers a competitive advantage (Teece et al., 1997). Science 

parks help tenants quickly identify and respond to opportunities or challenges brought by 

dynamic environment. Science parks provide a knowledge-intensive environment for firms to 

conduct R&D and innovative activities. They create a dynamic ecosystem for knowledge-based 

development. They provide resource-rich and opportunity-rich environment, allowing tenants 
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to survive and grow in dynamic business environment (Gwebu et al., 2018). Science parks can 

be seen as innovation ecosystem that is typically characterised by the relationships among 

institutions that stimulate and support knowledge creation and the companies that exploit the 

knowledge (George and Prabhu, 2003). Innovative capacity of science parks is dependent on a 

combination of policies, investments, and resource commitments that underlie the creation of 

technological innovation. Functions of knowledge exploitation can be improved when firms 

and institutions co-exist within science parks. 

Science parks play a crucial role in promotion of knowledge exchange and synergies between 

firms and various types of actors (Gwebu et al., 2018). They are growth poles for the 

technology-based firms. A hybrid network of public or private organisations with the provision 

of expertise, information, capital is the seedbed for innovation success of resident firms 

(Etzkowitz and Klofsten, 2005). Science park ecosystem is a source of sustainable competitive 

advantage. Science parks bring together diverse groups of innovative actors in the same 

location. They are real estate development projects aimed at developing a knowledge-based 

ecosystem. Science parks facilitate knowledge-based development by promoting interaction 

between local actors and transfer of tacit knowledge (Benneworth, 2014). Universities and 

research institutions are important sources of new scientific and technological knowledge and 

high-skilled researchers or graduate students. Co-located commercial businesses enable firms 

to get access to complementary knowledge or resources, and share risk and costs of innovative 

activities. Technology intermediaries of science parks facilitate networking and technology 

transfer activities and provide direct services for innovation process of resident firms. Financial 

institutions provide finance that support innovative activities of firms. They can also provide 



 223 

assistance for firms through provision of financial services, such as investment suggestions and 

asset management. Firms can exploit network resources to manage the risks and challenges 

brought by rapid changes in markets and technology trends (Lin and Lin, 2016).  

The findings indicate that inter-firm collaboration and interaction with technology 

intermediaries do not pose positive effects on financial performance of tenants. ESPCN, which 

is a multi-dimensional construct, is positively related to tenants’ ability to achieve commercial 

success in the market. Tenant firms that engage in four types of relationships at the same time 

can maximize benefits obtained from science park location. Innovation requires the 

combination of a diversity of specialized techniques and skills (Calia et al., 2007). Synthesis 

of knowledge base of diverse types of partners allows firms to achieve rapid solutions to 

specific problems and fast access to suitable technology. They can share risk and costs, 

overcome resource weaknesses, and speed up innovation process through active involvement 

in science park collaborative network (Xie and Gao, 2018). Science park network brings 

together organizations or institutions with diverse resources and assets, which helps resident 

firms overcome resource scarcity. Different types of relationships are complementary to each 

other. The overall effects of four practices are considerably stronger than that of individual 

practice.  

6.5 THEORETICAL CONTRIBUTION 

First of all, this study contributes to literature through scale development. ESPCN is 

conceptualized as a multi-dimensional construct composed of four dimensions. Diverse actors 

involved in science park ecosystem are classified into four groups: academic institutions, 
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resident firms, technology intermediaries, and financial institutions. The ESPCN scale unpacks 

four types of network relationships exist on science park ecosystem, including academic-

industry collaboration, inter-firm collaboration, interaction with technology intermediaries, and 

interaction with financial institutions. A sample of 312 managers of firms on Chinese science 

parks is applied to the validation of the measurement scale. The results indicate that ESPCN is 

a higher-order model which can be represented by those four dimensions, which provides a 

comprehensive view of science park ecosystem. There are heterogeneous actors involved in 

science park ecosystem, making it difficult to assess the role of science park ecosystem in 

supporting the growth of tenant firms. ESPCN scale provides a basis for measuring the effects 

of engagement in science park ecosystem on resident firms. Interaction with technology 

intermediaries has the strongest explanatory power among these four dimensions of ESPCN. It 

suggests that interaction with technology intermediaries play a key role in representing ESPCN. 

Besides, it can be suggested that innovation capabilities is not a single identifiable construct, 

but a higher-order concept that is measured by four elements in this study. These components 

are built from existing literature on innovation capabilities and innovation management.   

This research extends literature by developing two structural models that test the overall effect 

of ESPCN and individual effect of ESPCN dimensions on innovation capabilities and financial 

performance of firms on science parks. The overall-effect model sheds light on how 

engagement in science park ecosystem contributes to resident firms’ innovation achievement 

and financial value. The results show that overall effect of ESPCN has positive and significant 

impacts on innovation achievement of resident firms, and in turn transformed into superior 

commercial value. That is to say, tenants can improve their ability to innovate through 
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engagement in collaborative network of science parks, and increase their financial benefits by 

reaping benefits from superior innovation capabilities. This study develops a framework that 

examines how networking, collaborations, knowledge sharing and technology flows involved 

in science park ecosystem facilitate business growth. It provides a comprehensive picture of 

how science park ecosystem contributes to tenants’ outcomes.  

The model overcomes weakness in past studies on assessing the impacts of science park 

location on tenant firms by providing insights into collaborative network created among firms 

and institutions. A large amount of existing studies measure the role of science parks in creating 

value for tenants by comparing performance of firms located inside and outside science parks 

(Lindelof and Lofsten, 2003; Lamperati et al., 2015; Liberati et al., 2016). However, mixed 

results of previous studies suggest that there is no direct relationship between science park 

location and firm performance. Based on literature review, a comprehensive set of practices 

that exploit benefits associated with science park ecosystem are identified. The tenants that has 

better capability to exploit the science park location can achieve superior innovation 

capabilities and financial performance. The degree to which science parks can improve firm 

performance not only depends on parks’ ability to create a favourable environment, but also 

tenants’ ability to make use of the resources and support provided by science park ecosystem.  

This study also examines the theoretical model that reflects the individual impacts of ESPCN 

dimensions on innovation capabilities and financial performance of science park firms. It 

highlights how four components of ESPCN influence science park firms differently from one 

to another. Previous research investigates only one or two factors that affect performance of 
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science park firms (Diez-Vial and Fernandez-Olmos, 2013; Diez-Vial and Montoro-Sanchez, 

2016; Ramirez-Alesn and Fernandez-Olmos, 2018). This study provides a systematic approach 

that looks into the contributors to competitive advantage of tenant firms. Two types of 

relationships exert positive influences on both innovation capabilities and financial 

performance. Academic-industry collaboration has the greatest impacts on both innovation and 

financial performance. Interaction with financial institutions is the other type of relationship 

that support hypotheses proposed in Chapter 4. The other two types of relationships, including 

inter-firm collaboration and interaction with technology intermediaries, are just positively 

related to innovation capabilities.  

However, the individual-effect model neglects the complexity of the interplay of elements that 

comprise the ESPCN construct. Four types of relationships are interdependent with each other. 

Thus, this study also presents the overall-effect model that illustrates the synergy effects of four 

dimensions of ESPCN scale. Compared with individual-effect model, this model demonstrates 

better performance with regard to the effectiveness in facilitating tenants’ achievement in 

innovation and growth performance. It provides insights that four types of relationships should 

be adopted simultaneously, which can generate much greater effects than just adoption of a 

single type of relationship. Tenant firms can reap more benefits and rewards from operation of 

four practices as a bundle than employ one of them individually. According to RBV theory, 

ESPCN can be seen as a bundle of resources or capabilities, which are valuable and difficult to 

imitate and enables science parks to achieve a competitive advantage.  

Furthermore, the study tests the mediation effect of innovation capabilities between ESPCN 
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and financial performance. After adding the mediator, the effect of ESPCN on financial 

performance has dropped from 0.69 to 0.33. There is still significant relationship between 

ESPCN and financial performance. The results indicate that innovation capabilities have a 

partial mediation effect on financial performance. It suggests that part of financial performance 

can be influenced by the overall effect of ESPCN, and part of financial performance can be 

enhanced by innovation capabilities.  

6.6 MANAGERIAL IMPLICATIONS 

The results of this study have some managerial implications for both at science park level and 

tenant firms’ level. For management team of Chinese science parks, they should be proactive 

with facilitating interactive relationships and networking between firms and institutions. 

Creating an integrated ecosystem that support innovation and business growth of tenants should 

be an important concern for science park management. The measurement scale of ESPCN can 

work as an aid to management team of science parks in design of strategies or policies that can 

support and encourage growth of resident firms. Management team can implement policies that 

provide incentives that encourage firms to collaborate with actors within science park 

ecosystem. They should be committed to creating an entrepreneurial environment that supports 

and encourages firms’ innovation activities. Science parks should not just function as property-

based mechanism that house technology-based companies. It is insufficient to only provide 

shared space and facilities for tenants. Science parks plays a vital role in facilitating knowledge 

and technology diffusion among firms and institutions.  

Science parks play an important coordinating role in the formation and development of network 
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between academia and industry. According to test result of ESPCN scale, technology 

intermediaries play the most important role in science park ecosystem. The management team 

should be committed to improving the quality of services provided by technology 

intermediaries. Good-quality services provided by technology intermediaries of achieve 

innovation success, and in turn can be transformed into improvement of commercial value. 

Besides, linkages with financial institutions is another type of relationship that fosters 

improvement in both innovation and financial performance. Science parks can facilitate access 

to services provided by financial institutions. Public support programs can be initiated to 

provide assistance for firms’ innovation activities through financial institutions.  

Although inter-firm collaboration exerts negative impacts on financial performance according 

to the results, it is unreasonable to conclude that inter-firm network is not a good thing for 

tenant firms. Policy makers can be proactive in developing an enabling entrepreneurial 

ecosystem. It is critical for policy makers to develop a secure and transparent legal system, 

creating a favourable regulatory environment for firms inside science parks (Etzkowtiz and 

Zhou, 2017). It is also important for science park management to create a positive collaboration 

culture (Chan et al., 2009). Science parks can facilitate building of trust between tenant firms. 

Relationships of trust and reciprocity reduce risk associated with innovation activities (Lawson 

and Lorenz, 1999). Such relationships avoid competing through vicious competition. Science 

park management can encourage hosted firms to share their knowledge and resources with 

other tenants, which can lead to more fruitful and productive results of interactions (Phillimore, 

1999). Tenant firms can be trained with regard to intellectual property protection.   
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The measurement scale of ESPCN provide insights into how firms can exploit the benefits 

associated with science park location. It provides a checklist for decision-making of managers 

of firms located on Chinese science parks. Firm who can obtain more rewards from science 

park location are those that have made considerable efforts and wise strategies too. Science 

park collaborative network can be viewed as a bundle of resources which facilitates on-park 

firms to get access to resources and capabilities that are necessary for their innovation. The 

overall-effect model indicates that four types of relationships should be adopted simultaneously, 

which can generate much greater effects than adoption of a single type of relationship. Firms 

which can fully exploit the benefits of science park location are more likely to achieve 

innovation success and superior financial performance. On-park firms should take an active 

part in developing close and long-term relationships with various organisations or institutions 

on science parks. They need to consider in a more comprehensive way. Tenant firms can 

develop a comprehensive set of relationships with science park actors.  

The individual-effect model also provides some implications for tenant firms. They should be 

proactive with developing network relationships with academic institutions as they are the most 

strongest contributor to firms’ outcomes. Innovation capabilities and financial performance of 

tenant firms are most easily enhanced by collaboration with universities and research 

institutions. Firm managers should be aware that they can invest more resources and capital in 

developing and maintaining close ties with knowledge institutions, which is an important 

source of technological breakthroughs. Considering the negative impacts of collaboration 

between tenant firms, they can seek assistance of technology intermediaries on science parks. 

Rich knowledge base of technology intermediaries can provide tenants with quick access to 
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suitable knowledge, technology, skills, capital, talents and partners. They play a key role in 

filling in resource gap of science park firms. Besides, tenants should refrain from behaving 

opportunistically. They need to take a more open attitude towards contribution of their 

knowledge and resources to collaborative R&D or innovative activities in order to achieve 

benefit maximization. It is also important develop long-standing and close relationships with 

business partners, which lead to building of mutual trust. Moreover, firms can seek assistance 

provided by financial institutions through technology intermediaries. Technology 

intermediaries can help tenants get easier access to finance and services offered by financial 

institutions. The governments should be proactive in introducing funding mechanisms as part 

of their strategies that stimulate innovative activities of science park firms (Yigitcanlar et al., 

2018). Some authors posit that technological innovation development must be supported and 

facilitated by government incentives (Yigitcanlar, 2009; Scotchmer, 2004). In the era of global 

knowledge economy, innovation plays a fundamental role in the growth of regional and 

national economy (Yigitcanlar et al., 2018). 

6.7 CONCLUSION 

This chapter discusses how the research findings answer three research questions proposed in 

introduction chapter. The validation of ESPCN scale suggests that it is a multi-dimensional 

construct. ESPCN can be represented by four dimensions, including academic-industry 

collaboration, inter-firm collaboration, interaction with technology intermediaries, and 

interaction with financial institutions. Technology intermediaries has the greatest explanatory 

power towards ESPCN as they play an in important role in linking firms and institutions on 
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science park ecosystem. The results of overall-effect model indicate that it is favourable for 

tenants to adopt four types of relationship simultaneously. Tenant firms can reap more benefits 

from adoption of a comprehensive sets of relationships than just focus on one type of 

relationship. Science park management team should be committed to creating an integrated 

ecosystem that promotes technology diffusion and knowledge flows between firms and 

institutions. The individual-effect model demonstrates different effects of different types of 

relationships. On-park firms can invest more in developing close ties with knowledge 

institutions which exert greatest performance effects on tenants. For another, they can 

overcome risks or challenges with inter-firm network by seeking assistance by technology 

intermediaries。 
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CHAPTER 7 CONCLUSION 

7.1 INTRODUCTION 

Most of prior studies that explore the impacts of science parks on firms are conducted in 

contexts of developed countries. Thus, this study contributes to science park literature by 

exploring the impacts of Chinese science parks on affiliated firms, which is the largest 

developing economy. On the other hand, comparison between the performance of on-park and 

off-park companies is the most widely approach used by previous studies to assess the effects 

of science parks on tenants. How interactive innovation and knowledge sharing process within 

science parks contributes to firms’ growth has been ignored to some degree. This research fills 

in the gap by employing questionnaire survey method for data collection and structural 

equation modeling (SEM) approach for data analysis. The study contributes to literature by 

addressing three research questions proposed in previous chapter. Firstly, it develops and 

validates a multi-dimensional concept for science park collaborative network. Secondly, it 

extends the literature by examining the effectiveness of science park collaborative network in 

contributing to innovation capabilities and financial performance of tenant firms. Moreover, 

this study looks into how individual dimensions of science park ecosystem influences tenants’ 

achievement in innovation and growth in commercial value. The research findings provide 

implications for managers of both science parks and science park firms. Management team of 

science parks will have a better understanding of how to promote the growth of hosted firms 

through networking facilitation. For another, firm managers can better know how to exploit the 

benefits of science park location for improving their innovation process.  
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First of all, this chapter summarises research findings that answer three research questions 

proposed in Chapter 1. Next, theoretical contribution of this research to literature has been 

clarified. And then, implications for management team of science parks and managers of 

science park firms have been presented. Finally, this chapter points out the limitations 

associated with the research and provide some suggestions for future research. 

7.2 ADRESSING RESEARCH QUESTIONS 

7.2.1 What would the measurement scale for science park collaborative 

network (ESPCN) entail? 

This study comes up with a multi-dimensional concept for answering the first research question. 

Difficulties associated with measurement of science park effectiveness due to complex nature 

of science parks. The measurement scale of ESPCN is developed and validated in Chapter 5 

by 312 valid questionnaire response. ESPCN is defined as a multi-dimensional construct which 

is composed of four dimensions, including academic-industry collaboration, inter-firm 

collaboration, interaction with technology intermediaries, and interaction with financial 

institutions. The research results indicate that ESPCN can be represented by four dimensions 

as those four factors are positively and significantly correlated with each other. It provides a 

comprehensive view of science park ecosystem. Academic institutions act as knowledge 

providers for firms as they are an important source of high-qualified talents. Technology 

intermediaries can be regarded as knowledge reservoir that supports both innovation process 

and networking activities of tenants. Financial institutions provide finance for innovation 

process of firms as well as offer financial services that helps investment decision-making. 
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7.2.2 What is the aggregate impact of ESPCN on innovation capabilities and 

financial performance of tenant firms? 

The second research question is associated with the examination of science park collaborative 

network’s overall effects on their affiliated firms. The impacts of science park ecosystem are 

measured by its innovation effects and commercial effects. The research findings obtained 

support the hypotheses proposed for the overall-effect model in Chapter 3. Science park 

network has direct, positive, and significant impacts on innovation capabilities of tenant firms, 

and in turn contributes to the enhancement of financial performance. Tenant firms improve 

innovation capabilities through engagement in science park ecosystem, and enhance financial 

performance by appropriating benefits from innovation improvement. Science parks in China 

successfully create value for their affiliated firms. The results presented in Chapter 5 suggests 

that the impacts of science park ecosystem on innovation capabilities is much stronger than 

impacts on financial performance. Science parks, which can be seen as innovative milieu, has 

stronger influences on innovation achievement of hosted firms than commercial value. They 

play a vital role in contributing to stimulating and facilitating innovation. Compared with 

individual-effect model, overall-effect model shows better performance in terms of impacts on 

innovation and financial performance of tenant firms. The approach employed by previous 

studies to assess the effects of science parks is limited to the comparison of performance 

between on- and off-park companies. This research fills in gap by exploring how knowledge 

sharing and collaborative innovation involved in science park network contributes to the 

development of tenant firms.  
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7.2.3 What are individual impacts of ESPCN’s four sub-dimensions on 

innovation capabilities and financial performance of tenant firms? 

As for the last research question, it aims to examine the effects of individual dimensions of 

ESPCN. Based on SEM analysis, this study has found that four types of network relationships 

have positive and significant impacts on innovation capabilities of tenant firms. However, it 

shows mixed results with regard to individual effects of each type of relationship on financial 

performance of hosted firms. The findings suggest that inter-firm collaboration is negatively 

related to tenants’ financial performance. The impacts of interaction with technology 

intermediaries on financial performance is insignificant. Collaboration with academics has the 

greatest positive impacts on both innovative and commercial achievement of science park firms. 

Interaction with financial institutions is the other type which has positive impacts on both 

innovative and financial It appears that inter-firm collaboration shows disappointed results in 

terms of their effectiveness in creating value for tenants. It is also unexpected that its impacts 

on innovation is the weakest among four types of relationships.  

7.3 THEORETICAL CONTRIBUTION 

Firstly, the study develops a multi-dimensional construct of ESPCN, which has been validated 

by factor analysis and structural equation modeling approach in Chapter 5. ESPCN is a four-

dimensional concept. This study unpacks different types of collaborations that exist in science 

park ecosystem. It is difficult to generalise the results with regard to the effectiveness of science 

parks as heterogeneous actors of science park ecosystem have different objectives. Science 

parks are regarded as collaborative network with the aim to overcome resource limitations of 
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tenant firms. A diversity of actors involved in science park ecosystem are categorized into four 

groups, including academic institutions, companies, technology intermediaries and financial 

institutions. Relationships with four groups of science park actors are four dimensions of 

ESPCN construct.  

This study contributes to literature by shedding light on how collaborative network of science 

parks can explain or facilitate tenants’ achievement in innovation and commercial value. It 

justifies how science parks deliver value to hosted firms. Most of studies compare performance 

of on-park firms with that of off-park firms in order to measure the role of science parks in 

creating value for firms (Lamperti et al., 2015; Liberati et al., 2016; Lindelof and Lofsten, 2003; 

Ferguson and Olofsson, 2004). Rather than measure the effectiveness of science parks by 

comparing on-park and off-park firms, this study explores the processes of knowledge sharing 

and technology transfer that occur in network between different actors in the science park 

ecosystem. It develops a conceptual foundation for exploring the effectiveness of science park 

ecosystem in creating value for tenants. The combination of four types of collaboration 

improves the possibility of science park firms to achieve success in innovation and commercial 

benefits. The synthesis of different types of network relationships show stronger effects on 

tenants than individual dimensions of ESPCN. It provides insights that science park firms 

should be proactive with developing four types of network relationships simultaneously, which 

can create greater value for them than just adoption of a single type of network. This study 

provides a comprehensive view of science park ecosystem that supports the growth of affiliated 

firms. Moreover, mediation effect of innovation capabilities between ESPCN and financial 

performance has been examined. The test indicates that innovation capabilities have a partial 
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mediation effect on financial performance, suggesting that part of financial performance can 

be affected by ESPCN and part of it can be influenced by innovation capabilities.  

This study also looks into the effects of individual dimension of ESPCN. Whether direct and 

positive impacts of ESPCN components have been exerted on tenant firms’ ability to innovate 

and create commercial returns has been examined. The most and the least influential types of 

relationship have been identified. Some previous studies focus on one or two factors that 

influence the performance of firms residing in parks (Diez-Vial and Fernandez-Olmos, 2014; 

Ramirez-Aleson and Fernandez-Olmos, 2018). Science park network coordinates the resources 

and efforts of diverse actors. This study develops a systematic approach that examines the 

contributors to competitive advantage of science park firms. This research extends the literature 

by exploring which type of organization involved in science park ecosystem has the stronger 

or weaker impacts on tenant firms. According to the results, collaborating with universities and 

research institutions is the most effective way for science park firms to facilitate innovation 

achievement as well as increase financial benefits. Inter-firm collaboration performs the worst 

in terms of creating value for on-park firms.  

7.4 MANAGERIAL IMPLICATIONS 

This study has implications for management team of Chinese science parks. Science parks not 

only offer shared spaced and facilities for firms but also fosters interactions and networking 

that makes knowledge diffusion among firms and other organizations easier. Managers of 

science parks should be committed to creation of an integrated ecosystem that facilitate 

innovation success and financial growth of tenant firms. it is insufficient to only offer shared 
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space and facilities for firms. Science parks’ management team should take an active part in 

fostering and stimulating knowledge diffusion and technology flows among firms and various 

science park actors. For one thing, the results suggest that universities or research institutions 

have the strongest impacts on science park firms. Park managers should place great emphasis 

on creating effective institutional arrangements or strategies to promote academic-industry 

collaboration. Universities or research institutes play a vital role not only as the creators of new 

knowledge and technology but also as the suppliers of the capable personnel. Park firms’ 

interactions with technology intermediaries and financial institutions should also be 

encouraged by the science park side. Technology intermediaries play a critical role in 

facilitating knowledge sharing and technology flows between firms and other organisations. 

Technology intermediaries should play a greater role in supporting inter-firm collaboration in 

particular. They can help firms overcome the challenges involved in inter-firm relationships 

through providing services related to partner selection, negotiation support, intellectual 

property protection etc. The quality of services provided by technology intermediaries should 

be improved, which helps firms achieve superior commercial benefits from business network. 

On the other hand, policy makers  

For managers of science park firms, it is suggested that they can actively develop linkages with 

different actors of science park ecosystem. The measurement scale of ESPCN proposed in this 

study provides a checklist for tenant firms on Chinese science parks regarding how to exploit 

the benefits of park location. The overall-effect model indicates that four types of relationships 

should be adopted simultaneously, which can generate more benefits than adoption of a single 

type of relationship. The success of science park firms depends on the combination of various 
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types of network relationships to a greater degree. The individual-effect model suggests that 

firms should invest more resources in developing close relationships with public research 

sector and financial institutions because they contribute significantly to improving both 

innovation capabilities and financial performance. They can collaborate with academics to 

pursue technology development and make breakthroughs in their sector. Close ties with 

financial institutions can help them overcome challenges and mitigate risk associated with 

innovative activities. Networking with other tenants exerts negative influences on commercial 

gains of tenant firms. There is risk or challenges associated with inter-firm network within 

Chinese science parks. Apart from formal cooperation and collaboration, informal 

communication and close and long-term ties between tenants are required for building mutual 

trust. Firms can seek assistance from technology intermediaries, which can help them cope 

with the risks involved in inter-firm relationships. Close ties with them enable firms to mitigate 

challenges brought by volatile legal and business environment.  

7.5 LIMITATIONS AND FUTURE RESEARCH 

There are some limitations associated with this study. For one thing, high costs are associated 

with approaching all the science parks in China. For another, the difficulties in collecting data 

from more than 100 science parks in China could not be ignored. Moreover, it is unlikely to 

approach all Chinese science parks. The respondents of survey is limited to firms located on 

science parks in Beijing and Shanghai, which are the most developed cities in China. Both of 

them have an advantage over other regions in China with regard to preferential government 

policies, powerful financial support, and high concentration of both universities with good 



 240 

reputation and world-known enterprises’ Chinese headquarters. It can be assumed that the 

effectiveness of science parks located in other regions of China in creating value for their 

hosted firms might be different from that of parks in Beijing and Shanghai. Furthermore, the 

questionnaire survey was undertaken in two waves.  

Statistical approach is adopted in this study to examine the role of science parks in shaping 

tenants’ innovation capabilities and financial performance. More qualitative research can be 

undertaken to explore the impacts of science park collaborative network on innovation process 

of science park firms. For example, future research can dig into how science park network 

influences firms’ idea generation and product or process innovation by means of interviews. 

The reasons why some types of collaborative relationships do not produce satisfactory results 

can be investigated. Different from quantitative studies, qualitative studies are more effective 

in answering “how” and “why” questions. 

Future research can focus on how park characteristics, founder characteristics and firm 

characteristics affect the location-performance relationship. Heterogeneity of tenants on 

science parks may leads to different firm performance. The degree to which start-ups and 

established firms benefit from the park location might be different. The opportunities or 

challenges facing smaller and younger firms are likely different from that facing larger and 

older firms. Future studies could consider comparisons between diverse groups of tenant firms. 

Besides, parks with different characteristics may exert different impacts on their affiliated firms. 

The impacts of science park network on tenants may also depend on size, age, and location of 

science parks.  
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Secondly, future research can also examine how collaborative network within science park 

ecosystem influences performance of tenant firms in other regions of China or even other 

countries. Furthermore, this study focuses on collaborative relationships between firms and 

different actors within science park ecosystem, which tends to be formal. Future research can 

explore how informal linkages contribute to firms’ achievement in innovation and commercial 

value. Informal linkages is a good way to share and exchange tacit knowledge, which is 

context-speicifc, based on experience, and difficult to communicate (Duffield and Whitty, 

2015).  
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Appendix 1 Questionnaire 

Dear sir/madam, 

Hello! Thanks for participating in this survey. This study aims to explore the how the 

engagement in science park collaborative network influences firms' innovation capabilities and 

financial performance.  In this study, science parks are regarded as collaborative network that 

mitigate resource deficiencies of tenants. Your relationships with different actors on science 

park ecosystem, innovation capabilities and financial performance will be measured in terms 

of following question items. Your answers will help the researcher examines how science park 

ecosystem creates value for tenant firms. For management team of science parks, they can have 

an understanding of how to create a favourable environment for the growth of hosted firms. 

For firm managers within science parks, the study may provide insights into how to exploit the 

benefits of science park location to improve their innovative and financial outcomes. 

All questionnaire will be completed anonymously. Your answers to this questionnaire will be 

CONFIDENTIAL. We promise that access to information held on this questionnaire will not 

be given to anyone else without your written permission. You can rest assured that fill in the 

questionnaire according to actual conditions of yourself and your company. This study is 

undertaken by a PhD student of the York Management School at the University of York. The 

information is just used for academic research, not for business purpose.  

Contact details: 

Jiamei Yan, The York Management School, University of York, York YO10 5DD. 

Email address: jy1023@york.ac.uk 

Telephone No.: +8615840181815 (China) 

             +447512245371 (UK) 

 

 

mailto:jy1023@york.ac.uk
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Part A: Basic information 

1. You are in: 

○Beijing 

○Shanghai 

2. Your age: [单选题] * 

○Below 20  

○20-30 

○31-40 

○41-50 

○51-60 

○61-70 

○More than 70 

2. Your gender: [单选题] * 

○Male 

○Female 

3. Your role in the company: [单选题] * 

○CEO 

○R&D Manager 

○Manufacturing Manager 

○Operations Management Manager 

○Marketing Manager 

○Other 

4. The sector of the company: [单选题] * 

○Electronics and Information Technology 

○Biopharmaceuticals 

○New materials 

○New energy 

○Advanced Manufacturing 

○Earth/Space/Marine Engineering 
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○Environmental Protection 

○Aviation and Aerospace 

○Automobile 

○Other 

5. Ownership of the company [单选题] * 

○State-owned enterprises 

○Private enterprises 

○International joint ventures/Foreign direct investment 

○Other 

6. Age of the firm [单选题] * 

○Less than 2 years 

○2-5 years 

○6-10 years 

○11-20 years 

○More than 20 years 

7. Number of the firm's employees [单选题] * 

○Less than 10 

○10-50 

○51-200 

○200-500 

○More than 500 

 

 

Part B:  Please indicate your level of agreement to following statements. 

9. Academic-Industry Collaboration[矩阵量表题] * 

 
Strongly 

disagree 
  Neutral   

Strongly 

agree 
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AIC1 Scientists or students are 

often involved in our R&D projects. 

经常有学者或学生参与公司的研

发项目. 

1 2 3 4 5 6 7 

AIC2 We maintain close ties with 

local universities or research 

institutions to obtain the latest 

results of scientific research. 

我们和本地的大学或研究机构保

持密切的联系来获取最新科研成

果。 

1 2 3 4 5 6 7 

AIC3 We have close cooperation 

with local universities or research 

institutions to develop new product 

technologies. 

我们和本地的大学或研究机构有

开发新产品技术的密切合作. 

1 2 3 4 5 6 7 

AIC4 We have close cooperation 

with local universities or research 

institutions to solve technical 

problems. 

我们和本地的大学或研究机构有

共同解决技术性问题的密切合作. 

1 2 3 4 5 6 7 

AIC5 We have close cooperation 

with local universities or research 

institutions to speed up product 

development process. 

我们经常为了提高产品开发进度

和本地的大学或研究机构进行密

切合作. 

       

10. Inter-firm Collaboration[矩阵量表题] * 

 
Strongly 

disagree 
  Neutral   

Strongly 

agree 
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IFC1 We maintain close ties with 

other tenants on science parks. 

我们和园区其他企业保持着密切

的联系。 

1 2 3 4 5 6 7 

IFC2 We regularly share and 

exchange information about the 

latest technological trends with 

other tenants. 

我们经常和科技园其他企业分享

科技发展趋势的最新资讯. 

       

IFC3 We regularly cooperate with 

other tenants to develop new 

product technology. 

我们经常与科技园其他企业合作

开发新产品技术. 

1 2 3 4 5 6 7 

IFC4 We regularly cooperate with 

other tenants to solve technical 

problems. 

我们经常和科技园其他企业合作

解决技术性问题. 

1 2 3 4 5 6 7 

IFC5 We regularly cooperate with 

other tenants to speed up product 

development process. 

公司经常为了加快产品开发进度

和科技园其他企业合作. 

1 2 3 4 5 6 7 

 

 

 

11. Interaction with technology intermediaries[矩阵量表题] * 

 
Strongly 

disagree 

  Neutral   Strongly 

agree 
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ITI1 We maintain close ties with 

technology intermediaries of the 

science park. 

我们与园区的科技中介保持着密

切的关系. 

1 2 3 4 5 6 7 

ITI2 We regularly participate in 

conferences or meetings organised 

by technology intermediaries. 

我们经常参加园区科技中介组织

的会议或社交活动. 

1 2 3 4 5 6 7 

ITI3 We usually find collaborative 

partners through technology 

intermediaries. 

我们通常通过园区科技中介寻找

合作伙伴. 

1 2 3 4 5 6 7 

ITI4 We regularly search talents 

through technology intermediaries. 

我们经常通过园区科技中介寻搜

罗人才. 

1 2 3 4 5 6 7 

ITI5 We regularly use technology 

assessment services provided by 

technology intermediaries. 

我们经常利用园区科技中介提供

的科技评估服务. 

1 2 3 4 5 6 7 

ITI6 We regularly use training 

services provided by technology 

intermediaries. 

我们经常利用园区科技中介提供

的员工培训服务. 

1 2 3 4 5 6 7 

12. Interaction with financial institutions[矩阵量表题] * 

 
Strongly 

disagree 

  Neutral   Strongly 

agree 
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IFI1 We have close ties with 

financial service organisations of 

the science park. 

我们与园区的金融服务机构有着

密切的联系. 

1 2 3 4 5 6 7 

IFI2 We regularly use funding 

services provided by financial 

institutions on science parks. 

我们经常利用科技园提供的融资

服务. 

1 2 3 4 5 6 7 

IFI3 We regularly use investment 

decision services provided by 

financial institutions on science 

parks. 

我们经常利用科技园提供投资决

策服务. 

       

IFI4 We regularly use capital 

management services provided by 

financial institutions on science 

parks. 

我们经常利用科技园提供的资本

管理服务. 

1 2 3 4 5 6 7 

IFI5 We regularly use financial 

information consulting services 

provided by financial institutions on 

science parks. 

我们经常利用科技园提供的金融

信息咨询服务. 

1 2 3 4 5 6 7 

13. Organisational learning[矩阵量表题] * 

 
Strongly 

disagree 

  Neutral   Strongly 

agree 

OL1 We are skilled at identifying 

opportunities for improvement. 

1 2 3 4 5 6 7 
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我们擅长发现改进的机会。 

OL2 Our employees can quickly 

detect problems or mistakes in the 

process of innovation. 

我们的员工能够迅速发现创新过

程中的问题和错误。 

1 2 3 4 5 6 7 

OL3 We are skilled at capturing 

lessons learned from previous 

innovative activities. 

我们善于从过去的创新活动中吸

取教训。 

1 2 3 4 5 6 7 

OL4 We are skilled at applying 

lessons from past experience to 

future innovative activities. 

我们善于将过去吸取的经验运用

到未来的创新活动中. 

1 2 3 4 5 6 7 

14. Idea generation [矩阵量表题] * 

 
Strongly 

disagree 

  Neutral   Strongly 

agree 

IG1 Both quantity and quality of 

ideas generated are high. 

我们的创意在数量和质量上都很

高. 

1 2 3 4 5 6 7 

IG2 Ideas come from different 

departments and areas in 

organisations. 

创意来源于企业的不同部门或领

域. 

1 2 3 4 5 6 7 

IG3 Many of the ideas generated 

were new to the company. 

很多创意对于公司来说是全新的. 

1 2 3 4 5 6 7 
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IG4 Many of the ideas generated 

were new to our existing customers. 

很多创意对于我们现有的客户来

说是全新的. 

1 2 3 4 5 6 7 

IG5 Many of the ideas generated 

were new to the market. 

很多创意对于市场来说是全新的. 

1 2 3 4 5 6 7 

15. Product development[矩阵量表题] * 

 
Strongly 

disagree 

  Neutral   Strongly 

agree 

PD1 Our company continuously 

introduces new products and 

develops new market. 

我们公司持续不断地推出新产

品和开发新市场. 

1 2 3 4 5 6 7 

PD2 Our company brings new and 

innovative products more often to 

market than our rivals. 

我们比其他公司更频繁地向市

场推出新产品. 

1 2 3 4 5 6 7 

PD3 The percentage of new and 

innovative products in the product 

portfolio is higher than our rivals. 

新产品在公司产品组合中的比

重比竞争对手高. 

1 2 3 4 5 6 7 

PD4 Our new product 

development cycle has been 

shorter than our rivals. 

我们的新产品开发周期低于竞

争对手. 

1 2 3 4 5 6 7 

PD5 Our products have more 

unique features than our rivals. 

1 2 3 4 5 6 7 
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我们的产品比竞争对手有更多

与众不同的特性. 

PD6 Our product development use 

technologies never used in our 

industry before. 

我们的产品开发使用在本行业

中从未使用过的技术. 

1 2 3 4 5 6 7 

16. Process development[矩阵量表题] * 

 
Strongly 

disagree 

  Neutral   Strongly 

agree 

PcD1 We have more efficient 

production or operation process 

than our rivals. 

我们的运营流程比竞争对手效

率更高. 

1 2 3 4 5 6 7 

PcD2 We are creative in methods 

or skills for managing operation 

process. 

我们管理运营流程的方法或技

术具有创造性。 

1 2 3 4 5 6 7 

PcD3 We continuously generate 

new methods or skills for 

improving the efficiency of 

production or operation process. 

我们持续地创造出提高生产或

运营效率的新方法或新技术. 

1 2 3 4 5 6 7 

PcD4 We continuously generate 

new methods or skills for cost 

saving. 

我们持续地创造出节约成本的

新方法或新技术. 

1 2 3 4 5 6 7 
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PcD5 We are flexible to adapt to 

our operational process to address 

market changes. 

我们可以灵活地调整我们的运

营流程来应对市场的变化. 

1 2 3 4 5 6 7 

17. Financial performance[矩阵量表题] 

 
Significantly 

decrease 

  No 

change 

  Significantly 

increase 

FP1 Our firm's 

profitability over last two 

years 

近两年来我们公司的利

润 

1 2 3 4 5 6 7 

FP2 Our firm's sales over 

last two years 

近两年来我们公司的销

售额 

1 2 3 4 5 6 7 

FP3 Our firm's return on 

asset over last two years 

近两年来我们公司的资

产回报率 

1 2 3 4 5 6 7 

FP4 Our firm's return on 

investment over last two 

years 

近两年来我们公司的投

资回报率 

1 2 3 4 5 6 7 
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Two samples of questionnaire response are presented as below. 

Beijing  
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Shanghai 
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Appendix 2 Correlation analysis 

The correlation between question items is tested before conducting exploratory factor analysis.  

Table A. Pearson correlation coefficient between items of AIC 

 AIC1 AIC2 AIC3 AIC4 

AIC2 0.530    

AIC3 0.522 0.549   

AIC4 0.526 0.522 0.620  

AIC5 0.485 0.473 0.530 0.600 

Table B. Pearson correlation coefficient between items of IFC 

 IFC1 IFC2 IFC3 IFC4 

IFC2 0.696    

IFC3 0.699 0.705   

IFC4 0.711 0.660 0.707  

IFC5 0.632 0.602 0.588 0.642 

Table C. Pearson correlation coefficient between items of ITI 

 ITI1 ITI2 ITI3 ITI4 ITI5 

ITI2 0.721     

ITI3 0.679 0.588    

ITI4 0.694 0.595 0.714   

ITI5 0.713 0.623 0.629 0.675  

ITI6 0.675 0.639 0.617 0.674 0.717 
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Table D. Pearson correlation coefficient between items of IFI 

 IFI1 IFI2 IFI3 IFI4 

IFI2 0.661    

IFI3 0.662 0.689   

IFI4 0.625 0.719 0.741  

IFI5 0.744 0.657 0.657 0.730 

Table E. Pearson correlation coefficient between items of OL 

 OL1 OL2 OL3 

OL2 0.650   

OL3 0.489 0.577  

OL4 0.517 0.444 0.566 

Table F. Pearson correlation coefficient between items of IG 

 IG1 IG2 IG3 IG4 

IG2 0.466    

IG3 0.441 0.702   

IG4 0.287 0.677 0.636  

IG5 0.273 0.693 0.629 0.953 

Table G. Pearson correlation coefficient between items of PD 

 PD1 PD2 PD3 PD4 PD5 

PD2 0.758     

PD3 0.724 0.763    

PD4 0.535 0.603 0.623   

PD5 0.707 0.689 0.691 0.563  

PD6 0.474 0.560 0.550 0.641 0.537 
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Table H. Pearson correlation coefficient between items of PcD 

 PcD1 PcD2 PcD3 PcD4 

PcD2 0.763    

PcD3 0.695 0.721   

PcD4 0.697 0.664 0.676  

PcD5 0.725 0.704 0.635 0.664 
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Appendix 3 Science Parks in Western countries  

The origin of science parks - Silicon Valley, USA 

Silicon Valley has been the world’s premier innovation community. It is a high-tech hotspot 

filled with entrepreneurs who are ambitious, creative, open-minded, and willing to take risk 

(Klepper, 2010). Silicon Valley creates a region of that other countries are eager to learn from. 

Next to New York, it hosts the second largest number of Global Fortune 500 companies. Hi-

tech firms in Silicon Valley have achieved enormous success, such as Apple, Google, HP, 

Facebook, Twitter, etc. They are brand names with global impacts and global reputation. It is 

a vivid dream. A range of factors contribute to the success story of Silicon Valley, including 

government support, links with high-education institutions, venture capital, entrepreneurial 

culture etc.  

The influences of government intervention on Silicon Valley cannot be underestimated. R&D 

investment of government has substantial impacts on innovation and start-ups (Bell et al., 2008). 

The government plays a facilitating role in the growth of Silicon Valley. They provide the 

necessary infrastructure and remove the institutional barriers e.g. liberal visa policy. Immigrant 

entrepreneurs, especially from China and India, have set up half of first-generation start-ups in 

Silicon Valley (Engel et al., 2011). Some immigrant entrepreneurs such as Elon Musk of Tesla 

and Sergey Brin of Google have become role models. The US government plays a proactive 

role not only in funding R&D activities, but also stimulating commercialization and technology 

transfer (Hyde, 2017). The Bayh-Dole Act of 1980 designed a uniform IPR policy that 

encourages the commercialization.  

Universities are indispensable part of science park innovation system. Higher education 

institutions is a cornerstone of the success of Silicon Valley (Engel et al., 2011). The Bay area 

is the home to world-leading universities, federal and state research institutions and R&D 

laboratories. Silicon Valley has access to a huge pool of highly skilled talents, which are 
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indispensable resources for firms (Guzman, 2012). Thousands of PhD students, doing state-of-

the-art research, constituting Silicon Valley highly qualified workforce. The highly skilled 

talent pool is an important source of Silicon Valley’s continuous development of technological 

innovation (Woodward et al., 2006). Knowledge institutions active in Bay area have reputation 

for leading-edge innovation. They are innovation magnet for the best and the most potential 

researchers and exceptional students around the world.  

Tapan Munroe, Silicon Valley analyst, said “Ideas are the soul of innovation, money is the life 

blood.” Half of the US venture capital is invested in firms on Silicon Valley (Engel et al., 2011). 

One of preconditions for the success of Silicon Valley is access to plentiful venture capital. 

The ample availability of funding is the pillar of innovative development of Silicon Valley. 

The two innovative giants in Silicon Valley, Apple and Google, invest 12.5 billion US dollars 

on R&D activities together (Hyde, 2017). Venture capital firms are concentrated on the Wall 

Street of Silicon Valley (Bell et al., 2008). They play an indispensable role in the achievement 

of Silicon Valley. They are central ingredients in Silicon Valley ecosystem. 

Cambridge Phenomenon, UK 

Science parks are a focal component of European economic context (Miller, 2014). Cambridge 

phenomenon is known as “Silicon Fen”, which is one of the top hi-tech clusters in Europe 

(Library house, 2008). Cambridge firms are specialised in information technology (IT), 

biotechnology, advanced electronics etc (Garnsey and Heffernan, 2010). Cambridge is an 

innovation milieu, which is featured by synergies between businesses, universities, research 

institutions, financial organizations, and intermediary institutions. Cambridge is characterised 

by the tradition of spin-off from the Cambridge University. Cambridge is geographically 

proximate to London for capital markets, international trade, and customers (Keeble, 1999). It 

can benefit from a large pool of resources and advanced service structures. In the 1960s, 

Cambridge region has witnessed rapid growth in a cluster of knowledge-based SMEs (Breznitz, 

2011). The boom of innovative companies in Cambridge has attracted public attention. The 

initiator of Cambridge Science Park is John Brownfield, who is the Bursar of Trinity College. 

Cambridge Science Park and St John’s College were built in 1970 and 1987 respectively. 
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Trinity College is a rich college, not expecting returns on its investment. The companies within 

Cambridge Science Park put an emphasis on scientific research and development. Different 

from Trinity, St John’s College showed more interest in commercial returns.  

University and R&D consultancies are significant in fostering the regional culture of trust 

(Keeble et al., 1999). They encourage the formation of spin-offs and facilitate collaborative 

research, which are conducive to technological innovation capabilities of Cambridge region. 

The University of Cambridge has a reputation of world-leading scientific research. It contains 

diverse high-technology sectors, which serves as a strong scientific and technological base for 

local economic development. It is also known for its liberal attitude towards commercialization 

of scientific results (Myint et al., 2005). The university plays a focal role in Cambridge hi-tech 

region. Its liberal collaborative research. The local common codes of conduct allows for the 

development of trust-based relationships, which is the key to the success of innovative 

collaborations. The local cultural context feeds cross-fertilizing R&D between on-park 

companies. Cambridge cluster of small-sized, technology-based companies has attracted 

international attention (Lawson and Lorenz, 1999). Cambridge high-tech region has a 

concentration of consultancies. Technology-based companies concentrate around centres of 

science. According to Garnsey and Heffernan (2005), “resources in the local science base are 

converted into and attract business activity, giving rise to a richer, more diverse economic 

habitat.”  

Sophia-Antipolis, France 

Pierre Laffitte, who is the Director of the Ecole Nationale Superieure des Mines de Paris 

(Parker, 2010). His idea was transition from an agricultural region to a region of science and 

technology. The model focuses on stimulating local-led innovation and entrepreneurship (Wal, 

2013). The original idea was to develop a high-technology region through influx of the 

investment by multinational companies (MNCs). Sophia-Antipolis relies on the attraction of 

national and international MNCs, which is regarded as the basis for local growth. The provision 

of well-developed infrastructure is a key factor for MNCs’ decision to locate in Sophia-

Antipolis. The system places an emphasis on local entrepreneurial activities and networking 
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process. Sophia-Antipolis has supported entrepreneurship by development relationships with 

venture capitals and business angels.  

The growth rate of number of companies has slowed down since the end of the 1980s (Wal, 

2013). The competitiveness in terms of the attraction of foreign investment has decreased. 

Ireland and Scotland can provide cheap workforce than Sophia-Antipolis; Metropolises like 

Paris and London provides proximity to markets and business and financial services. Sophia-

Antipolis has lost its competitive advantage relative to other regions. The shift of locational 

preferences drives firms to locate to other regions. Sophia-Antipolis is just a “satellite platform” 

according to Markusen (1996). The absence of local interactive linkages is a major shortcoming 

of Sophia-Antipolis. The absence of collective learning processes was a clear signal for the 

crisis of Sophia-Antipolis (Longhi, 1999). The concept of collective learning is associated with 

“innovative milieu” which are created through “the creation and further development of a base 

of shared knowledge among the individuals within a productive system” (Lawson, 1997). The 

process of collective learning is critical to the sustainable development of regional economy 

and viability of regional innovation system. Keeble et al. (1998) and Longhi (1999) have 

identified prerequisites for the process of collective learning.  

The strategy has transformed from attracting international and national investments from large 

enterprises to creation of local innovation and entrepreneurship through interactions between 

institutions within the ecosystem (Longhi, 1999). Sophia-Antipolis has evolved from over-

dependence on investment by MNCs to the generation of local sources of innovation and 

entrepreneurship. The region has shifted from a region for global activities of MNCs to a region 

of local-led learning and innovation processes. Besides, a series of institutions are associated 

with the transition. Eurocom provides Masters and PhD programs for engineers, which is a 

source of highly qualified human resources. INRIA stimulates the growth of start-ups and 

promotes technology transfer (Lawson, 1997). Greater emphasis was put on local sources of 

competencies. Sophia-Antipolis has witnessed increasing growth rate of high-technology 

SMEs. 
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Appendix 4 Summary of studies about innovation capabilities  

Capabilities  Authors 

Product creation 

Product innovation 

 

Product development 

 

Berkhout et al. (2010);  

Christensen (1995); Francis and Bessant (2005); Lim et al. 

(2013); Nassimbeni (2001); Wang and Chang (2011); 

Wonbglimpiyarat (2010);  

Adler and Sbenbar (1990); Chiesa et al. (1997); Holahan et 

al. (2014) 

Process innovation 

 

Innovation process improvement 

Chiesa et al. (1997); Christensen (1995); Francis and 

Bessant (2005); Holahan et al. (2014); Nassimbeni (2001); 

Wang and Chang (2011); Wonbglimpiyarat (2010); 

Boly et al (2014); 

Innovation culture 

 

Culture and climate 

Innovation climate 

Organisational culture 

Culture and climate 

Innovation-oriented culture 

Acur et al. (2010); Brettel and Cleven (2011); Frishammar 

et al. (2012); Leskovar-Spacapan and Bastic (2007); 

Lawson and Samson (2001);  

Cormican and I’Sulivan (2004); 

Frishammar et al. (2012); Neely et al. (1990); 

Holahan et al. (2014); Salter et al. (2014); 

Lawson and Samson (2001) 

Leskovar-Spacapan and Bastic (2007) 

Marketing capability  
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