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Entrepreneurial University and Triple Helix’s Development. 

ATTRACTING FINANCIAL RESOURCES TO ENTREPRENEURIAL  

UNIVERSITY: THE ROLE OF CROWDFUNDING. 

Prof. Roberto Parente, Università degli Studi di Salerno, rparente@unisa.it - Professor of 

Entrepreneurship and Innovation, whose research interests are mainly related to high tech start-up 

from academia and the entrepreneurial University on the whole. Co-founder of several academic spin 

offs in the field of Biotech, Nanotech and ICT. Director of the LISA Lab, (Laboratory on Innovative 

Entrepreneurship and Academic Spin-Off), that is part of Department of Management Studies at 

University of Salerno and promotes research and exploratory studies on key issues related to 

innovation and entrepreneurship. Moreover, Prof. Roberto Parente and LISA Lab move their activity 

to offer unique opportunity to connect an ecosystem of people and organizations involved in 

Technology Transfer initiatives. 

Dr. Rosangela Feola, Università degli Studi di Salerno, rfeola@unisa.it - is graduated with honors in 

Economics in 2002 from the University of Salerno. She obtained a PhD in management at the same 

university with a thesis on the exploitation of science-based entrepreneurial opportunities.  

Currently she is a member of research groups on innovation and innovative entrepreneurship and 

co-authors of several national and international publications on the same subjects. She is also member 

of LISA Lab. 

She is founder of several academic spin-offs of the University of Salerno operating in the field of new 

materials and nanotechnology. In these spin-offs she conducts business planning activity, analysis of 

technology and market research. 

Ezio Marinato, Università degli studi di Salerno, emarinato@unisa.it – PhD. Student in Management 

and Information Technology at the University of Studies of Salerno. His research interests are mainly 

oriented to the understanding of Entrepreneurship and Innovation, with focus on opportunity 

recognition, business modeling and  innovation management. Currently, he is member of the LISA 

Lab. 

Valentina Cucino, Università degli Studi di Salerno, valentina.cucino@gmail.com – She graduated 

cum laude in Business Economic at the University of Salerno. LISA Lab fellow, an Laboratory of 

Entrepreneurship and Innovative academics spin-off promoted by Department of Management & 

Information technology. She has been working of support and mentoring to start-up. Currently, she is 

member of the LISA Lab. 

Abstract: Crowdfunding have recently drawn the attention of both scholars and professionals as an 

outstanding financial tool. From its birth, because of its evolutionary nature, this financial mechanism 

has experienced a lot of changes, with a common driver: the capability to adapt the crowdfunding 

model to many different fields. In this study, the authors focalize their attention on the relation between 

crowdfunding and academia, especially looking at the perspective in attracting financial resources to 

jumpstart the academic spin off in their pre-seed stage. The proposed research model is an exploratory 
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study to analyze the role of crowdfunding in financing academic spin off. Following the evidence from 

the literature review and the state of the art analysis,  the authors aim to build a case study research 

(Eisenhardt, 1989; Yin, 2009) through the observation (Burgess, 2002) of  some Italian University 

and Academic/University Spin Off behavior among different crowdfunding models and platforms.  

Because of the newness of the topic, the case study approach is expected to capture the complexity of 

the phenomenon, starting with an heuristic investigation. 
 

Keywords: Entrepreneurial University; innovation; financing; crowdfunding. 
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1. Introduction  

Crowdfunding have recently drawn the attention of both scholars and professionals as an outstanding 

financial tool. From its birth, because of its evolutionary nature, this financial mechanism has 

experienced a lot of changes, with a common driver: the capability to adapt the crowdfunding model 

to many different fields. In this study, the authors focalize their attention on the relation between 

crowdfunding and academia, especially looking at the perspective in attracting financial resources to 

jumpstart the technology transfer processes and to exploit the entrepreneurial capabilities of 

researchers. 

2. State of the art 

In the last years, economic systems have been subject to a radical evolution towards technology-based 

models of competition, within which the innovative capacity and the recombination of the internal and 

external technological competences are the basis for the foundation of a solid competitive advantage 

(Kogut & Zander, 1992). With specific reference to the academic system, this evolution has been 

actualized in the definition of a third mission for universities, that means they have to contribute more 

directly to innovation and to the local economic development (Etzkowitz, 1998). Many universities, in 

recent years, became attracted by an entrepreneurial orientation, combining the more traditional 

functions of teaching and researching with a new role in the economic system, through specific forms 

of technology transfer processes (Brett et al., 1991; Blair & Hitchens, 1998; Piccaluga, 2001; 

Bonaccorsi & Deraio, 2007).  The Entrepreneurial University is a central concept to the Triple Helix 

Model developed by Etzkowitz (1993) and Etzkowitz and Leydesdorff (1995). The Triple Helix model 

is based on the idea that the potential for innovation and economic development, in a Knowledge 

Society, lies in a more prominent role for the university and in the collaboration and hybridization of 

the three pillars of the virtuous circle of innovation: university, industry and government. 

According to the New Geography Theory, proximity always has an impact on interaction and 

innovation propensity because of the well-known advantages of co-location (Boschma, 2005). The 

concept of co-location is present in regional studies and in the analysis of clustering (Porter, 1998; 

Rullani, 2000; Cesaroni & Piccaluga, 2003; Parente, 2008) that push the focus on economies of 

agglomeration and localization. Looking at the financial sub-pillar, the importance of geographical 

proximity is seen more and more important. Many authors (Mason and Harrison, 1994; Harrison & 

Mason, 1996; Sohl 1999; Auerswald & Branscomb, 2002; Wong, 2002; Wong et al., 2009) agree on 

the idea that the most part of investors, especially angels, doesn‘t fly. But what about the new financial 

investments like crowdfunding? Is this a possible mean to overcome the lack of a regional effective 

financial system? Crowdsourcing revolution (Howe, 2006) and technology platforms started a 

disintermediation process that changed the dynamics of integration economies (Piller et al., 2004) 

between the broad types of user and producer. In the last years, crowdfunding is arising as a 

widespread financing and fundraising tool, by allowing to turn a large audience of customers into 
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investors (Schwienbacher & Larralde, 2010; Ordanini et al., 2011; Rubinton, 2011; Castrataro et al., 

2012; Belleflamme et al., 2014). These authors agree on the idea that crowdfunding lies on different 

elements that could be macro-categorized in: web, social (relational) capital (Bourdieu, 1985) and, 

indeed, crowdsourcing. The need to feed a strong wide community highlights the social network 

structure behind the crowdfunding mechanism. This is a funding vehicle that embraces different 

contexts as well as the dimension of social groups and communities (Giannola & Riotta, 2013; Davies, 

2014). Currently, a new wave of platform to support scientific research and technology transfer 

processes is developing. Many are the examples of crowdfunding platforms launched by USA 

Universities and, recently, such initiatives have been started in Italy too. Crowdfunding represents a 

novel mechanism of fundraising embedded in the current financial innovation (Moenninghoff & 

Wieandt, 2013), which operates in order to produce convergent innovation (Dubé et al., 2014). It 

means innovation that produces both economic and social (human) outcomes. Academic 

Crowdfunding has been proved as useful tool to fund research and Entrepreneurial University plays an 

important role because crowdfunding literally connects entrepreneurs/researcher with potential funders, 

individuals who can supply financial capital (Wheat et al., 2013; Marlett, 2015). This is possible 

thanks to intermediation internet based platforms, which act as market place where is possible to 

collect and canalize the scattered unlocked private capitals to sustain business ideas from research, 

decreasing the weight of geographical proximity in the innovation process (Agrawal et al., 2011).  

3. Methodology 

The proposed research model is that of an exploratory study. Following the evidence from the 

literature review and the state of the art analysis, the authors aim to produce a comparative analysis, at 

both national and international levels, of academic crowdfunding to understand which model is more 

effective than others and to test the subscribed hypothesis. Because of the newness of the topic, in 

order to evaluate the relevance of innovative financial tools like academic crowdfunding in triple helix 

ecosystem, the research has been conducted through the analysis and comparison of some academic 

crowdfunding platforms, launched by some Universities, by adopting the case study approach 

(Eisenhardt, 1989; Yin, 2009).  The case study approach is expected to capture the complexity of the 

phenomenon, starting with an heuristic investigation. Because of the strong social peculiarity and the 

community-based character of the investigation object, the case-based research empirical evidence is 

collected by observation of participants (Burgess, 2002). The data were collected by observing the 

web and technical report (Massolution, 2013; Castrataro & Pais, 2014; CrowdValley 2015) that have 

already conducted a census on the crowdfunding platforms‘ population. Moreover, some US platforms 

offer insights from the movement and traffic of projects and ideas.  The authors identified and 

analyzed some crowdfunding platforms on the basis of the following criteria: platforms that are the 

direct emanation of Universities, platforms that host (or will host) academic research projects and spin 

off, platforms with a peculiar partnership or agreement with one or more Academic Institutions. 
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4. Research Focus 

The aim of this paper is to analyze the role of crowdfunding in financing academic research and spin 

off. We will start collecting information about crowdfunding manifestations fostered by Academic 

Institutions. The aim of this study is not merely quantitative, but it is qualitative in nature. We are, in 

fact, interested in defining the different strategic and operational approaches of these platforms. Our 

final research question is: 

Q1: Can  the lack of professional investors in the regional system be bypassed? 

To answer the question the authors will test the hypothesis: 

HP1: The lack of professional investors in the regional systems can be overcome by new financial 

instruments like crowdfunding. 

5. Findings 

The first crowdfunding platform that was born with an ―academic characteristic‖ was RocketHub, 

which in 2012 closed an agreement with the University of Utah to support four crowdfunding 

campaign. Perhaps, in this work the authors focalized their attention on a few sample platforms which 

have declared their academic orientation. Throughout the analysis of the collected data, Crowdfunding 

could be classified into two macro-areas: token crowdfunding and investing crowdfunding 

(Schweinbacher & Larralde, 2010). Token Crowdfunding encompasses the different expression of 

donation crowdfunding, which is a donation based model – i.e. charity online fundraising campaign. 

Instead, investing crowdfunding can be further broken down into passive investment and active 

investment. The passive investment encloses the lending based and reward based models, that differ 

one another from the type of return provided for the investors. The active investment, essentially, 

defines the equity based model, which is going to be the most important crowdfunding manifestation 

for the SMEs. Looking at a generalized context, Crowdfunding on the whole acts in different but 

correlated directions: supplies financial resource, offers markets insights, lets the SMEs to engages 

venture capital (Wardrop et al., 2015). Thus, Crowdfunding represents an alternative finance market. 

According to Massolution (2013) and a prior study (Rota et al., 2015), there are more than 800 

crowdfunding platforms actively working around the world, thus the authors, in order to simplify the 

research process, identified the most important ones in US and Europe, where are located the greatest 

number of platforms. Perhaps, what emerged from the first stage of research was an overload of 

information. So, an optimization and rationalization of the volume of data have been occurred: the 

investigation processes were relocated on the understanding of higher education institution behavior 

with regard to the crowdfunding. The well-known implementation of crowdfunding mechanisms at the 

different levels of social and economic life, shows an upgrowing interest in researchers and scholars. 

This interest gets over the pure studies of the phenomenon and affects the idea to adopt new funding 

solution for Entrepreneurial University‘s projects. All around the world, Academic Crowdfunding is 

spreading itself affecting scientific research, student entrepreneur ship, spin off projects and a lot of 
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generalist projects that could be summarized under the unfair concept of bulk. What is considerable is 

the different approaches adopted by the single academic institution facing the crowdfunding 

mechanism. Following the above quoted optimization of research, the authors identified and gathered 

nine platforms (tab. 1) which represents the expression of the four models for academic crowdfunding: 

academic owned crowdfunding platform (Academic Owned) that encompasses also crowdfunding 

platform provided by white-label software house (Marlett, 2015); academic platform provided by a 

private actor (Platform Provider); a partnership with an existing crowdfunding platform (Partnered 

Platform); an inside-out model, meant to be as a campaign led on an external existing platform 

(Private), decided by the individual project, without any partnership or agreement between the chosen 

platform and the mother university.  

Tab. 1 – The observed Crowdfunding Platform clissified by model and type. 

MODEL PLATFORM NAT. TYPE Project  

Donation 

   

Total Successful 

 

Colorado Boulder University 

Crowdfunding US Academic Owned 19 18 

 

Universitiamo IT Academic Owned 7 3 

Reward 

    

 

 

Eppela IT Private N/A N/A 

 

Experiment** US Partnered 139 135 

 

Boston University US Academic Owned 5 4 

 

Crowdfund MIT US 

Academic Owned 

(WLS) 17 7 

 

Hubbub.net* UK Platform Provider 82 66 

Equity 

    

 

 

ShareIn UK Partnered 6 2 

 

Starsup IT Private 12 2 

*Hubbub.net recently joined Crowdcube, the world first equity crowdfunding platform, to provide 

both reward and equity crowdfunding solution. 

**The authors only cosidered the campaign linked to an Academic Institution. 

 

Self-elaboration, 2015. 

All the observed platforms, except for Eppela, provided insights to describe the phenomenon and they 

are all oriented to the academic crowdfunding. The authors investigated the platforms in order to 

understand their activities and the peculiarity of the campaign: while the academic owned platforms, 

except for Universitiamo, use a generalist approach in the choice of the projects, platforms like 

Experiment are strongly involved in the scientific research funding. Within the whole of ten classified 

platform, the partnered platform seems to express a major capability to attract project (50%); moreover, 

the platform provider express more than a half (29%) of the partner platform capability (graph. 1). 

Some considerations have to be done: the smallest contribution to the development of academic 

crowdfunding comes from the private platforms that gather only the 4% of campaigns. 

The analysis of the success rate percentage (Successful Project/Total project on the platform) 

underlines a great capability in leading project to the success by the partnered platforms (graph. 2). 
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Graph. 1 – Classification of platform by projects.* 

 

*Eppela was excluded, because it did not provided any insight. 

Self-elaboration, 2015. 

 

Graph. 2 – Platform models per success rate. 

 

Self-elaboration, 2015. 

Classifying the platform per backers, meant to be the individuals and formal investors who funded the 

projects (tab. 2). The analysis shows that Academic owned platforms are able to attract backers more 

than other platforms (53%) (Graph. 3), followed by the partnered platforms (34%). This is meant to be 

a change from the previous results. 
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Tab. 2 – The observed Crowdfunding Platform classified per backers. 

MODEL PLATFORM NAT. TYPE Backers 

 Donation 

   

Total Mean 

 

Colorado Boulder University 

Crowdfunding US Academic Owned 2926 114 

 

Universitiamo IT Academic Owned 790 112 

Reward 

     

 

Eppela IT Private N/A N/A 

 

Experiment** US Partnered 6491 101 

 

Boston University US Academic Owned 515 103 

 

Crowdfund MIT US 

Academic Owned 

(WLS) 6214 366 

 

Hubbub.net* UK Platform Provider 2288 381 

Equity 

     

 

ShareIn UK Partnered 120 20 

 

Starsup IT Private 144 12 

 

*Hubbub.net recently joined Crowdcube, the world first equity crowdfunding platform, 

to provide both reward and equity crowdfunding solution. 

 

**The authors only cosidered the campaign linked to an 

Academic Institution. 

  

 

***The mean is weighted on the 

number of backers 

    

Graph.  3 – Platform models per backers percentage (%). 

 

Self-elaboration, 2015. 

 

Perhaps, the average number of backers per project (Graph. 4) shows a different behavior for each one 

of the four models. The platform provider model expresses a better capability to canalize individuals 

on a single project; following, the academic owned models are able to gather 174 individuals per 

project. Looking at the private platforms, authors noticed a big gap regarding the platform providers in 

attracting backers. Although, these results should be read under the glass of financial resources 

attracted. 
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Graph. 4  – Platform models per average number of backers per project. 

 

*Only Equity platforms are included Self-elaboration, 2015. 

On the financial side, the attracted resources are not considerable (Graph. 5 & Tab.3), except for the 

Italian equity platforms which are able to attract a consistent injections of capital per project, thanks to 

an existing and valuable regulation
1
. In the detail, authors break the results into different parts, for 

each observed platform (Tab. 4). Excluding the equity model platform which are able to attract more 

financial results than backers, Experiment seems to be the strongest platform on the market, since it 

has raised more than 700K of dollars. Otherwise, given the weight of the number of backers for each 

project, Universitiamo shows its capability to raise more funds per project than the other platform 

(37K of dollars).  The analysis of the average volume of financial resource attracted highlights how 

the Private (Equity) Crowdfunding Platforms and Partnered Platforms are able to canalize much 

higher investment on each project (Graf. 6). 

Graph. 5 – Total and Average attracted financial resources (x1000). 

 

Self-elaboration, 2015. 

 



 

 10 

 

Tab. 3  – The observed Crowdfunding Platform classified by attracted financial resources.  

MODEL PLATFORM NAT.  Attracted Financial Resource  

 

Donation 

  

 Total   Mean  

 Weighted 

Mean***  

 

Colorado Boulder 

University Crowdfunding US $   80.818,00   $ 4.253,58   $ 5.407,45  

 

Universitiamo IT  $   174.348,94   $24.906,99   $37.889,13  

Reward 

     

 

Eppela IT  N/A   N/A   N/A  

 

Experiment** US  $    721.734,00   $   11.277,09   $6.805,12  

 

Boston University US  $    48.796,00  

 

$     9.759,20   $11.745,32  

 

Crowdfund MIT US  $    503.495,00   $   29.617,35   $ 1.866,20  

 

Hubbub.net* UK  $    181.558,75   $   30.259,79   $ 3.327,07  

Equity 

     

 

ShareIn UK  $    320.192,12   $   53.365,35   $72.403,64  

 

Starsup IT 

 

$   1.003.342,12   $   83.611,84   $ 136.690,62  

 

*Hubbub.net recently joined Crowdcube, the world first equity crowdfunding platform, to 

provide both reward and equity crowdfunding solution. 

 

**The authors only cosidered the campaign linked to an 

Academic Institution. 

  

 

***The mean is weighted on the 

number of backers 

   Self-elaboration, 2015. 

 

Graph. 6  – Average volume of attracted financial resources. 

 

Self-elaboration, 2015. 

Equity crowdfunding platforms prove their superiority even if all the observed platforms are compared 

with one another through the total amount of funds raised (Graph. 7). Comparing the total amount 

with the average amount of financial resources (Graph. 7), the platform Experiment shows a better 

capability to attract resources than other non-equity platforms, but looking at the average volume of 

money per project, there is a countertrend: Universitiamo, Crowdfund MIT, Hubbub.net attract more 

money per project. Through the analysis of the single platform, a specific orientation to the academic 

research and spin off is expressed mainly by three platforms: Universitiamo, Experiment, ShareIn. 

These platforms are expression of the three principal subset of crowdfunding model; in fact, 

Universitiamo is a donation platform, Experiment is a reward based platform and ShareIn is an equity 

crowdfunding platform. They are all European. Moreover, they represent three of the four identified 
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sub-set for the academic crowdfunding: academic owned platform, partnered platform, private 

platform. Thus, the authors compared them by three main elements: money, backers, projects (Graph. 

8).  

Graph. 7  – Comparison of Total and Average volume of attracted financial resources.(x1000) 

 

Self-elaboration, 2015. 

 

Graph. 8 – Comparison between three platform by volume of funds, backers, projects. 

 

Self-elaboration, 2015. 

The results shows how different approaches produce different effects. The partnered platform 

Experiment is affected by a huge traffic of backers, but the academic owned platform Universitiamo 

has more backers per project. Although, ShareIn is able to attract an average investment of 53K of 

dollars; thus, considering its number of project, ShareIn underlines a strong impact on the financial 

needs both for start-up and for academic spin-off. Moreover, equity platforms likely seem to act as a 

Venture Capital Fund. Finally, looking at the single case, Experiment experience could proof the 

highest success rate owned by the partnered platforms on the whole, because of the highest 

participation shown by individuals. Thus, Experiment seems to be the closest crowdfunding 

manifestation to the long tail model (Anderson, 2006). Shifting the perspectives, the authors noticed 

that the reported results sprang a new behavior from academic spin off. According to NETVAL 

(Ramaciotti et al., 2015) in Italy there are 1144 living academic and university spin off, almost equally 

distributed across the country. There is a promising relationship between crowdfunding and spin off, 

which are open to this mechanism as a way to overcome the financial barriers. Unfortunately, only few 
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projects can close their campaign with a success. This is the case of the project #SmartME. 

#SmartME‘s target is to turn the city of Messina, in Sicily (South of Italy), and encompasses different 

actors from University and Insitution. In fact, the project has been ideated by the academic spin off 

DHLab, the research group MDSLab, the IT Centre of the University of Messina (CIAM) and it has 

been fostered by the Municipality of Messina. The core of the project is to apply the IoT paradigm to 

the city area in order to create: an open data platform; an interlinked urban infrastructure that involves 

transportation system, traffic management system, lightning control system and community. This 

would be possible thanks to an integrated network of sensors, actuators and other smart devices 

already installed in the Messina area and only used on domains and for specific purposes so far. The 

proposers of #SmartME project launched the crowdfunding campaign in the beginning of 2015 and, 

following the initial success that quickly brought the campaign beyond critical threshold, they decided 

to extend the duration of the campaign that was closed on April the 13
th
. The adopted model was the 

―all-or-nothing‖ reward based one, with seven levels of reward, appealing for different kinds of 

potential backers, both individual and business or firms. Considering the international approach of the 

chosen platform, Eppela, the basin of potential backers was huge. The financing goal, €15.000, was 

doubled. In fact, #SmartME raised €34.132 from 84 backers that financed from €5 up to €500 or more 

each, excluding about 6 backers who financed an amount not enlisted in the reward classification. 

Through the collected secondary data, the authors noticed that the 84 backers are the sum of 63 

individual, 18 legal entities and 3 undetermined subjects; the number of total backers is larger than the 

average number of backers per projects on private platforms (12) and partnered platforms (64) but the 

raised money are in line with the above quoted results. Another correspondence, between the findings 

about the platforms comparison and the #SmartME case, comes from the geography of the investors 

that is heterogeneous. The 63 individual backers belongs to the community of Messina and part of 

Italian country; instead the 18 legal entities are the sum of businesses, consortiums and authorities all 

across Europe and United States. These data are noteworthy, the geography of investments does not 

represent a parameter that influence nor the success neither the investment flow of a crowdfunding 

campaign. This information agrees with Agrawal (2011) observations about geography dispersion of 

crowdfunding investors. The reason lies under the effect of IT-mediation produced by both the 

non-boundary technology of online crowdfunding platforms and their social network peculiarity. This 

could be translated not only as a success, but also as an expression of the community needs to actively 

participate to innovation projects. The investments from the backers abroad Italy, on the other hand, 

express two different needs to be satisfied: first, the need to test new solution and to receive the proof 

of concept from other context; secondly, the need to enforce their image and brand via the connection 

on a social innovation project. 

6. Conclusion 

The findings shown a complex ecosystem that is dynamically changing and they also agree with the 

results of some agency like Massolution that underlines the strength of the reward based model and 
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donation based models even in the academic crowdfunding mechanism. Otherwise, the rapid growth 

of the equity crowdfunding model is opening an opportunity window to jumpstart academic projects, 

highlighting a major disruptive potential thanks to the superior average volume of funds raised per 

projects. The recent Italian regulation, meant to be the flywheel for others foreigner governments, is 

the reason to explain the growth of the equity model.  The difficulties to measure the potential still 

remain hard to overcome because of the ―historical consolidation‖ of the reward based and donation 

based platforms. Going back to the hypothesis of this work, by the analysis of the findings, the HP1 

could be confirmed. As the authors wrote above, the crowdfunding environment is complex and varied, 

a bubble that contains many manifestation of the three principal models. This complexity conserves 

the advantage of the choice between different solutions, thus the project creators could choose which 

model fits better to their idea. Consequently, there is a platform for each projects, i.e. scientific 

research projects could express their maximum potential on the academic owned platform (both 

reward based and donation based) and partnered platform. On the other hand, the Equity model 

capability to attract funds seems the ideal model to be adopted by academic and university spin off. 

Equity Crowdfunding act as a Venture Capital indeed, but it could only satisfy the financial needs in 

the proof of concept and pre-seed stage, working as a catalyst for Business Angels and Venture 

Capitalist attention.  In this way, crowdfunding for Academia could jumpstart both the research and 

the venture creation. According with the results, the key factor for the success of a crowdfunding 

campaign is not about the platform and the traffic on a specific platform (Wheat et al., 2013), but is 

about the capacity to attract, in the Newtonian meaning, a critical or gravitational mass of backers. 

The success rate (Graph. 3) shows how a focalization policy is more effective, underlining a big gap 

between the partnered platform and the private one – overtly generalist. The major number of 

successful campaign describes an higher potential to succeed for the academic projects that are 

uploaded on partnered platform and academic owned. Evidently, given that the revenue stream of the 

platforms come from a success fee fasten to the ending of the single campaign, the partnered platform 

are more interested in pushing the research and the spin off than other platforms. To answer the 

question Q1, the case of #SmartMe shown how the distance between creators and investors is non 

influential. Moreover, comparing the findings with the last AIFI report (2015), that draw the attention 

to a decrease in the number of investment in the South of Italy, crowdfunding seems to be able to fill 

the existing investment gap between the Italian geographical areas and Europe. According to Boschma 

(2005), geographical proximity is neither necessary nor sufficient to create co-evolutive innovation 

systems. Entrepreneurial University has the task to adopt and improve financial innovation like 

crowdfunding, not to place side by side with other financial resources, but to jumpstart the business 

and technology transfer projects in order to overcome the absence of both formal and informal 

investors in its neighborhood and attract them. Academic crowdfunding acts like an interests catalyst 

and innovation accelerator. The case of #SmartME is symbolic and a simplified representation of a 

triple helix ecosystem (Etzkowitz, 1993; Etzkowitz, H., & Leydesdorff, L., 1993; Etzkowitz, H., & 
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Leydesdorff, L., 2000)  where the core of innovation is started from the original three pillar (Fig. 1a e 

Fig. 1b) but fostered and financed by a wider helix that is the community (Fig. 1c), that finally 

encompass the core of innovation (Fig. 1d). In fact, community seems to represent better the concepts 

of cultural based and media based public and civil society that legitimates the innovation policy 

(Carayannis & Campbell, 2009). Community has a triple function: 

1) Innovation creator, as an exemplification of the co-creation model through its participation at 

three levels, financing, purchasing and knowledge production (i.e. in a smart city implementation the 

community is also a source of data). 

2) Beneficiary of the innovation. 

3) Catalyst of resources, according to a ―Newtonian logic‖, because the community easily grows its 

mass and increase the force of attraction used to attract other actors who own new useful resources, 

especially the financial ones.   

In this way, crowdfunding is an unconventional tool that intervenes in both Industry and Community 

Helix. 

Fig. 1 – The crowdfunding in a triple helix environment. 

 

Self-elaboration, 2015. 

 

Moreover, Crowdfunding intervenes as a motivational crowdwork factor (Greber et al., 2012; 

Miglietta et al., 2013) that permits to pass over the barriers linked to proximity and credit crunch 

(Freund, 2012). Actually, the results are interesting: even if the academic crowdfunding is not 

widespread as its original shape, the nature of entrepreneurial university‘s projects is aimed to produce 

benefits for all the society and to transfer knowledge as well as technology, and it pushes the diffusion 

of this mechanism. Even biomedical start-ups, penalized by the decrease in R&D investment, could 

have benefits from crowdfunding (Miglietta et al., 2013). On the other hand, the findings highlight a 

risk for academic research and spin off to develop a ―demand dependency‖, that is to say the risk to 

raise funds only if innovation and research could be understood by the ―real world‖, distancing the 

opportunity of growth from that kind of research and firms too much technical and avant-gardiste. 
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This finding agree with the concept of knowledge as a resource and the common need to rebuild the 

entrepreneurial texture in regional context. The ideal target is innovating to create a sustainable 

economic development, via the creation of new business with solid and strong competitive advantages. 

Finally, authors noticed that both the donation and reward model seem to fit better for the Academic 

research funding, because of its estimated social impact; differently, equity crowdfunding model could 

be the best choice for academic and university spin off as a direct emanation of Academic 

Entrepreneurial attitude. Spin offs are both technology transfer tool and enterprise indeed, thus they 

have to enter the financial market; unfortunately, the lack of financial resources represents a barrier 

that makes hard to overcome the ―death valley‖. AIFI (2015) shows how the Private Equity and 

Venture Capital Market has a larger number of investment in the expansion stage and buy out (35% 

each), while the early stage number of investment is 27%. Seed and pre-seed are not considered. 

Consequently, given the average amount of $53K raised through the (partnered) equity platform, 

crowdfunding could successfully intervene in the pre-seed stage, to help spin offs on the financial side.   

On the other hand, findings underline a limitation in the research are mainly connected to the 

explorative nature of the research. 

Policy Implication and further research direction: 

Currently, Institution have gathered the requests of defining the rules of the game of crowdfunding. 

Weighing out the potential of such financial mechanism, Government like the Italian one decided to 

study the phenomenon and release regulations about crowdfunding. US, India and Turkey are moving 

in the same way (Bruton et al., 2014). Models like crowdfunding, today, are subject to high levels of 

regulation (Heminway & Hoffman, 2010; Mollick, 2014). Looking at the innovation core of a Triple 

Helix‘s context, University highly contributes to the rebuilding of the entrepreneurial tissue, especially 

in sectors characterized by high R&D investment needs. This study underlines the importance to 

define and promote a different form of crowdfunding model such as the academic one, in the way to 

help policy maker to re-organize the regulation system. Rules count and there is a perceived need to 

incentivize and to make easier the access to crowdfunding for both formal and informal investors. On 

the other hand this paper helps University in evaluating the possibility to implement crowdfunding 

platforms and define the eventual approach adopted. This work leads the authors to another question 

they want to answer, strongly related to the peculiarity of each University. The future research focus 

will be aimed to understand how academic reputation and single University‘s scientific prestige impact 

on the fundraising effectiveness via crowdfunding platforms. 
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1. Introduction  

As we know now, TH, Triple Helix (Etzkowitz & Leydesdorff, 1995; 1997; 2000; Leydesdorff & 

Etzkowitz, 1996; 1997; 1998; 2001; 2002) is the newly excellent configuration and framework of 

university-industry-government relationships. It is significant for upgrading our world competitiveness 

that explores the connotation and the essentials of Chinese university-industry-government 

relationships based on TH. However, there is a strange saying university-industry- academy in red 

China with a forbidden zone for government as a potential rule. This article will refer to the Gordian 

knot. Thus we might as well provocatively suggest that one could perhaps call it a Triple Felix model 

given by Leydesdorff & Etzkowitz(2002) and then offer the core issue showed by the title for 

convenience. 

When we make a comprehensive review of the practices and theories in the TH relationships of some 

developed countries, we will find they always hunt for their appropriate location along 

tri-dimensionality coordinates from now to future. These coordinates are self-history traditional 

culture, foreign experience and theories, dynamic down-to-earth problems in turn. They are enmeshed 

in the river of time arrow (Figure 1). Certainly, their sizes and scales are different from each other. It is 

good for China to plan, harmonize, develop, and integrate its‘ relationships of 

university-industry-government.  

 

 

 

 

 

 

 

 

Figure 1 three coordinates in time arrow on the problem of Chinese university-industry-government 

As one of France's greatest writer and philosopher, Voltaire (pen name Voltaire, Francois Marie Arouet 

de, 1694-1778) said that if a man could not understand the spirit and soul of his times, he would take 

in all its sorrow and bitterness. Then his words do fit for the situation of a nation or a country, 

especially for a developing large country. 

2. Evolutionary Path to Triple Helix of Chinese 

After the foundation of PRC in 1949, China stuck gradually in the mud of »Triple Helix I«—an 

etatistic model of university-industry-government relations, where the nation state encompasses 

academia and industry and directs the relations between them (Leydesdorff & Etzkowitz, 2001). The 

strongest version of this model could be found in 1966-1976‘ Culture Revolutionary. 

One can distinguish different phases in the recent history of the political economy of China. 
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Considering Chinese special political economy progress, we may mark off four stages as follows:ⅰ) 

in 1960‘, sporadic cooperation phase of Chinese university-industry-government relationship; ⅱ) 

during 1978-1993, gestation and cultivation phase; ⅲ) during 1994-1997, bud and sprout phase; ⅳ) 

from 1997 to now, growth and development phase. 

Actually, Chinese university-industry-government cooperation may trace back to the 1960‘ 

sporadically. Based on flimsy conditions and oversimplified units abraded by handcraft little by little, 

state government, academe circle and military control enterprises ally to manufacture and develop 

―two bombs & one satellite‖. However, well begin comes to an untimely end due to ten years 

catastrophe in Culture Revolutionary. 

After the Cultural Revolution, the focus in public policy shifted only gradually away from regarding 

the ―class struggle as the central task‖ to a program of ―modernization‖ and ―economic construction‖. 

The reconstruction of an S&T system and a focus on human resource management (e.g., higher 

education) were accordingly central to this period of institution building(Leydesdorff & Guoping, 

2001). Meanwhile the deliberate decision ―to rejuvenate the country through science and education‖ 

implied the use of evolutionary systems and the restructuring of institutional relations among 

universities, industry, and government (Zhengfeng & Guoping, 1999). The High-tech Research and 

Development Program (Program 863) was launched and formulated in terms of ―state-dominant, 

university & academe-undertaken, industry-attended‖ in 1986. The project of industry-university- 

academe unite exploration was enforced in 1992. 

On March 1
st
, 1994, No.7 documentation about education and technology, i.e. some opinions on how 

to make universities develop their high-tech industries was examined and approved by the State 

Education Commission, the State S&T Commission and the State System-reform Commission. Thus 

Chinese universities-industry-government relationship was paid stress and appointed to routine affairs 

in due form.  

While major decision about reform the state-owned enterprises deeply was not taken until the 15
th
 

National Conference of the Chinese Communist Party in 1997, the  Chinese Academy of Sciences 

started to put forward its transform from pure research unit to applied company in the constitution of 

CNIS. On August 20
th
, 1999, Center of Party and State Department brought forward some decisions on 

strengthening technology innovation, developing high-tech and promoting it industrialization. The 

State Education Ministry(2000) offered some corresponding executive proposals for the universities 

all over the country at middle-level.  

As a good incarnate example of tri-lateral networks and hybrid organizations(Ley- desdorff & 

Etzkowitz, 2001), the huge achievements of the Zongguancun Science Park may make know Chinese 

government‘ determination to promote the progress of high-tech industries. The total area of the 

Zongguancun Science Park contains more than 8000 high-tech enterprises from 1988 to 2000. 

North-east University set up its science park in 1985, so did Tsinghua University, Peking University, 

Tianjin University, Huazhong S&T University in 1990‘. Then a set of vigorous high-tech joint-stock 
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companies was formed with the help of intellect resources of the key universities and the base of 

financial credits and preferential duties of local governments. These high-tech joint-stock companies 

were Tsinghua Tongfang, North Chia-Tai, Tianda Tiancai, Huagong S&T, Nankai Gede, Zheda Haina 

etc. (Jianjun, 2000).  

3. University-Industry-Government Not University-Industry-Academe in China 

From the point of information quantity on the internet, I carried through a test during 17:40-47,

 on Dec 12
th
, in 2003. When I try to input the phrases of ―university- industry-government‖ a

nd ―university-industry-academy‖ and ―industry-university- academy‖, their information quantitie

s are 3230 and 0 and 3 each other by means of google engine. However, when I input the 

Chinese phrases of ―产学研‖ (―university -industry-academy‖ in Chinese) and ―官产学‖(―univer

sity-industry-government‖ in Chinese), their information quantities are 124 000 and 4 410 each

 other. That is to say, contrary to large quantities of literatures on the ―产学研‖, there is a lit

tle literatures on the ―官产学‖. This doesn‘t indicate that China economical society needn‘t it.

 By contraries, it does tremendous good for state stratagem and world competition. 

3.1 limitations and flaws on University-Industry-Academy 

As we know now, the project of industry-university-academe unite exploration was enforced by the 

former State Economy & Trade Commissions(the hodiernal Business Ministries), the former State 

Education Commissions(the hodiernal State Education Ministry) and Chinese Academy of Sciences in 

April, 1992. This work rolls out to many branches and nets of its with the aid of the enterprises, 

universities and academes over the country. Its aim is to form cooperate development system among 

universities, industries and academes for exploring the path to foster cooperation between technology 

and economy and improving the steps of scientific attainments‘ industrialization and reconstructing 

sunset industries by the high-tech.  

Recently, the main researchers on the so called industry-university-academe are Zhaohua(1996), 

Lianshui(1998), Houde(1998), Jingqin(1999a,1999b), Li(2001,2002a, 2002b), Kaiyong(2000), 

Hai(2001), Enhua(2001), Enhua & Xiuli(2002), Dezhi(2001), Yi & Guisheng(2001), Peiguo(2001), 

Lian(2001), Yichen etc.(2001), Dunrong etc. (2002), Yamin(2002), Quanli & Enshun(2002) et al. As 

to its innovation model, Zhaohua(1996) took for ten kinds such as all-in-one model, high-tech yard 

model, share model, center model, project model, immateriality college model, engineering model, 

all-embracing model, government plan model, and strategy alliance model. Lianshui(1998) put 

forward total cooperation model. After Jingqin(1999a,1999b) availed himself of transaction cost which 

was derived from Coase(1937)‘ classic The Nature of The Firm, he offered three new models such as 

interior model, exterior model, and half interior model. Dezhi(2001), Peiguo(2001), Enhua & 

Xiuli(2002) et al analyzed technology demand, technology supply, benefit distribution, risk investment, 

information communication and outside surroundings in technology innovation of 

industry-university-academe cooperation. Yi & Guisheng(2001) took the cause and transfer of 
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viscosity knowledge into account. Yamin(2002) & Dunrong etc.(2002) focused on bureaucratism 

phenomena derived from attaching importance to short-term profit and looking down on basic 

research as also over-arrogation(Peimin et al, 1994:439) of academic power and administration power 

in Chinese higher education. Taking one with another, the most systemic and wonderful research on it 

is Li(2001, 2002a,2002b). He studies the development stratagem and some interrelated policies on 

which four state governments such as England, America, Deutschland and Japan want to upgrade their 

world Competitiveness. Meanwhile Li anatomies some successful experience in the 

―industry-university-academe‖ cooperation of several developed countries aided by government‘ eyes. 

As we know from the view of acceptation, the principal part of ―industry-university- academe‖ 

cooperation is amphibolous. Generally speaking, university-industry collaboration may means some 

problems about project cooperation, technology transfer and conjunct exploitation as it proved by 

Jingqin(1999b)‘ definition of ―collective innovation in the industry-university-academe‖. Furthermore, 

there is no apropos foreign word or phrase the same with the Chinese characters: ―产学研‖, so is 

Li(2001) ―University-Business Partnership‖ in his dissertation, UNCUIR(2003) 

―University-Industry-Research‖ on its head page, Jingqin(1999b) ―University- Industry-Research 

Institutes‖ and Yi & Guisheng(2001) ―University-Industry Collaboration‖ in their key words. 

Consequently, the phase of ―industry-university-academe‖ can‘t too express its due meaning to bring 

on the man-made exquisite separation of learning and research. This will make the universities in the 

―industry-university-academe‖ decline to be the skill-training schools or agencies. It will debase the 

degree of appropriation and contribution for which research universities promote the industrialization 

of Chinese high-tech achievement. At the same time, it will lead to the forfeiture of exploration in the 

―industry-university-academe‖ field. Such being the case, Kaiyong(2000), Yamin (2002), Dunrong 

etc.(2002), Quanli & Enshun(2002) translated the so-called ―industry-university-academe‖ into 

―production, teaching and research‖ directly. As we know now, the amalgamation of learning and 

research is an enough puzzle in the environment in which world competitiveness is upgraded. That is 

to say, the successful experience in the developed countries and the classical theories of the triple helix 

have told us that the learning and the research were impenetrated and interweaved tightly such as 

learning by doing, cultivating students in the research. There is no doubt that learning has involved 

so-called research in international academic fields in the contemporary era.  

3.2 Tackles and Missions on University-Industry-Government 

Actually, Enhua(2001), Enhua & Xiuli(2002) have uncovered university-industry- government 

cooperation on the problems and stratagems of ―industry-university- academe‖. They made a clear 

distinction of each other‘ function and pointed out the new system which is characterized by 

orientation as market demand, principal parts as enterprises and ligaments as governments, 

universities and research units. Similarly, Li(2001,2002a, 2002b) divulgated the intention and view on 

the governments. The title of Chapter 7 in Liu Li‘ dissertation(2001:84-105) is Towards Triple Helix: 

Chinese Strategy Choice in Industry-University-Academe Cooperation. After Li (2001:95) analyzed 
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the Zongguancun Science Park, he disclosed that the formation and development of it was not only the 

result of following Silicon Valley but also the result of government-oriented consonancy, even on the 

whole, the result of triple helix of university-industry-government cooperation. 

To be frank, the research on ―industry-university-academe‖ just means the relation between the two 

factors and could be expressed by (U1, I1)(U2, I2) in mathematical language, so does the research on 

industry-university-government three factors:(U1, I1, G1) (U2, I2, G2). Such being the case, there is 

only two factors in the ―industry- university-academe‖ not including the governments. It is easy to see 

that the ―industry -university-academe‖ cooperation is no more than another version of industry- 

university cooperation seen from their functions. It is not good as a means for us to recommend and 

learn from the successful experience of some developed countries. 

However, the industry-university-government(iug or IUG for short) make up for this edificatory and 

implemental model convenient for international academic intercommunion. Thus avoids to be caught 

in the dilemma for translation the Chinese phase―产学研‖into English. The last but not the least is that 

the three principal parts are sharp-cut and accord with the triple helix theory thriving from the whole 

world, which lead the role of the government from the altar of an etatistic model of 

university-industry-government relations to the platform of the triple helix model of 

university-industry-government relations with the tri-lateral networks and hybrid organizations. The 

sources of innovation in a Triple Helix configuration can no longer be considered as synchronized a 

priori. The three factors do not fit together in a pregiven order, but they generate puzzles for 

participants, analysts, and policy-makers to solve. This network of relations generates a feedback 

among intentions, strategies, and projects that adds surplus value by reorganizing and harmonizing 

continuously the underlying infrastructure in order to achieve at least an approximation of the variety 

of goals. The issue of how much we are in control or non-control of these dynamics specifies a 

research program on innovation(Leydesdorff & Etzkowitz, 2001). The triple helix model evolving 

from the industries, the universities and the governments will constitute the prop and framework of the 

Chinese National Innovation System little by little. 

Nevertheless, the literatures about the Chinese university-industry-government are few and scattered 

in some periodicals and websites sporadically. For example, Zhijun et al.(1999) pointed out some 

scarcity and impotence in Chinese university- industry-government cooperation. Xin(2000) talked of 

Japanese university-industry- government cooperation system which promote its innovational 

capability and economical buckjump. Lilan (2000) reckoned the critical innovation model for China as 

the university-industry-government-academe-finance cooperation not the university 

-industry-academe cooperation because policy design and system innovation needed government and 

meanwhile high-tech industry development needed the organic combine of knowledge and capital. 

Otherwise, Jianjun(2000:71-72) studied the case of Yangpu Center of High-Tech Start-ups & Service 

in 1997 and then drew a conclusion that its success was due to building bridge jointly by the triple 

helix of Shanghai Council of Science &Technology, Yangpu Authority, Fudan University, Tongji 
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University and The Second Military Medicine University. Songhua(2002) affirmed three different 

schemes, i.e. teaching, research and high-tech industrialization should enforce respectively 

cooperation education, ―industry- university-academe‖ and triple helix structure of 

university-industry-government formed by the governments, universities and enterprises.  

Chinese universities-industry-government relationship was stressed and appointed to routine affairs in 

macrocosmic by three ministries and commissions‘ collective opinions on March 1
st
, 1994. As a 

milestone of No.7 documentation in 1994, it contributed tremendous buttress to Chinese TH and 

transfer the high-tech achievements to the market. Lu Yongxiang figured that the universities, 

enterprises, governments each should undertake their duties in future innovation and the governments 

might be in charge of macro, foresight and instructional work, when he met Koji Omi on Sep 23
rd

, 

2002, who was Japanese Chief of Science & Technology Committee. Especially, Lu said some 

shortcomings in the Chinese ―university-industry-academe‖ cooperation (CAS, 2002). Jiangang(2003) 

introduced the university-industry-government cooperation from the aspect of government 

regularization experience in Japan and South Korea. Terbin & Jones(1996) studied the phenomena of 

disintegration and recompose of academic organization in Australian and Chinese innovational 

network in their paper submitted to International Conference of Triple HelixⅠin Amsterdam. 

Leydesdorff & Guoping(2001) identified that a new Chinese innovation system had been emerging in 

terms of university-industry-government relations since 1992. As a whole, Leydesdorff & 

Guoping(2001) is the better research on the Chinese university- industry-government relationships 

than the others. 

However, the term of universities-industry-government was applied in mainland context in small scale 

erenow above all. The first concept of the Chinese university-industry-government was given in China 

and Foreign Countries Talkfest on Management in University-Industry-Government in Peking in the 

autumn of 1993(SFE, 2003). Leaded by mercantile elite and Sponsored by the magazine of Chinese 

and Foreign Management, the talkfest has been held for 12 times, which foci on the thoughts 

transition, the adaptability strategy for the Chinese enterprises and their prospects for commercial 

circumstance next year. The participants increase year by year, with the number of 400 in 2000 and 

each more than 600 in 2001 and 2002. Encircled with some problems such as ―how about 2003?‖, 

―what would be 2004?‖ and ―how about 2004?‖, the 12
th
 talkfest was come off at Diaoyutai Hotel in 

Peking on Oct 25-27
th
, 2003. The headers of administration, the manager of agency，the successful 

enterprisers and the famous scholars together focalize the topic of 2004－sustained upgrowth under 

the fluctuate and changeful circumstances. On Jan 9
th
, 2002, Wuhan Technology Center of 

Manufacturing Informatization was formed by the government: Wuhan Bureau of Science and 

Technology, the industry: Kaimu Corp., Jindie Corp., Wuhan Torch S&T Investment Ltd., and the 

university: Intelligence Making & Control Institute co-owned by Huazhong University of Science and 

Technology and Wuhan University of Technology. On Feb 22
nd

, 2003, the conference about 

competition advantage of leading enterprises were convened in Peking, in which the delegates from 
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the university, the industries and the governments lodge for professional manager some problems such 

as how to define the enterprise competitiveness, how to appraise it, how to grasp the dynamic 

information about it. On Oct 14
th
, 2003, Shenzhen University-Industry-Government Base of Wuhan 

University was set up formally at Futian District. On Oct 31
st
-Nov 3

rd
, 2003, Westlake Expo, the forum 

for 2003‟ Chinese Private S&T Promotion & Innovation was held for building a platform for the 

university-industry-government-academe- finance cooperation and attention to Zhejiang economical 

phenomena, with more than 500 persons attending the meeting. 

4. Conclusions 

This article studies the TH of university-industry-government relationships. It points out some 

limitations and flaws of university-industry-academy and brings forward the evolutionary path  

to Triple Helix of university-industry-government collaboration and development, which can  

dialogue with international academic circles. That is to say that we should claim university- 

industry-government not university-industry-academy in China for truth. 

From the research above, we can see that these growing enterprises are hunting for the niche market in 

high-tech zone. They are inducting some new development policies into not only collaboration relation 

to industry partners but also R&D in universities and state-owned research units. This lead to increase 

some probability that tendon compages(Chengjun, 2003:94-103), which were abstracted and 

summarized by the advanced practices and successful experiences of the United States, Japanese and 

EU, may come into realism with more kinds and sorts in China. At the same time, it needs some 

relevant capital support and a dyed-in-the-wool transition from a dualistic- opposite-typed society to a 

multiplex-opening-typed society, i.e. a transition from a non-static-state-typed society to a 

static-state-typed society or a transition from a dumbbell-typed society(Figure 3(a)) to a spindle-typed 

society (Figure 7.3(b)).  

 

 

 

 

 

(a) a dumbbell-typed society (non-static)          (b) a spindle-typed society (static) 

Figure 3 two kinds of society configuration 
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society and nomocracy institutional. 

As we know now, Chinese reform and opening spreads out bit by bit from the rural to the urban, from 

economy field to culture, society and politics field. Every step means to liberate and spurt for all labor, 

knowledge, technology, management, capital and make the wealth springs effuse and flow 

enough(Jiabao, 2003). In comparison with universities and governments participating in the 

roundtable forum of university- industry-government, the industries walk ahead aggressively. Beyond 

dispute, all these will increase energy and livingness for appearance of coordination relationships of 

Chinese university-industry-government. It is no doubt that they are reflecting inherent demand 

derived from the rush transition in industrial organization.  

We have to pay attention to the gap of thinking pattern between the orient and the occident. The 

Chinese approach is always systemic. The function of the national government remains central, even 

in the process of devolution. The transition is considered to require political intervention and new 

legislation continuously, for the old institutions cannot be expected to change their functions without 

resistance. Thus, the state remains an important agent of change. However, the mode of operation has 

changed from a top-down and ex ante planning to a bottom-up receiving of signals from the market 

forces and an ex post regulation whenever government intervention seems necessary. (Leydesdorff & 

Guoping, 2001) 

The last but not the least is that when analyzing the literature and comparing the practice, we find 

something as follows. The TH of university-industry-government of some developed countries or the 

state union spirals up along the principal axis of the world competitiveness on purpose at a high 

acceleration. It is a pity that as a large developing country, the Chinese TH has yet assorted with each 

other‘s factor. Especially in some key fields and outstanding forelands, the Chinese TH of 

university-industry-government is still going round and round at a low layer. It means that the rise 

acceleration tends to zero in Chinese TH. Some decades ago, a famous Chinese thinker called 

Shuming Liang alleged that China does not belong to a progressive history, but belong to a 

dead-cycled history. Obviously, here his word ―dead-cycled‖ means to entwine at a law layer or within 

a primary degree. Certainly, the problem is influenced by historical tradition and cognition scarcity. 

Peyrefitte (1992) applied a typical pyramid to describing social structure in China as an 

immobile empire where George Lord Macartney‘ diplomatic corps visited in 1792. All these are 

waiting for further research and better settlement in the near future.  

However, what does this means from the change of relative curtail which government foundations to 

the universities and sustentation funds from other avenues and forms? It is a good question for 

Chinese university-industry-government relationships in a circumstance of face-to-face WTO 

commitments and in a society of multiplexing transition such economy, culture, politics and etc. 

Beyond all doubt, it still needs a great deal of time to observe, to analyze, to explore and to study. 
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1. Introduction  

As the knowledge production department, Universities must become an important innovation main 

body of the knowledge economy era. The triple helix is an important theory of collaborative 

innovation in the era of knowledge economy, founded by American scholar Henry Etzkowitz and 

Holland scholar Loet Leydesdorff in 1990's. The theory from the practice of knowledge economy, 

discusses the government, industry, universities in the knowledge into productivity, promote the 

production, application and dissemination of knowledge, trilateral in their own 

development and interact with each other to promote development. In the process of promoting 

the innovation to development of the government, enterprises, universities can be independently as the 

main body of collaborative innovation, also can be used as the object of play a supporting role. 

China began to implement "the plan to enhance the innovation capacity of universities" from 2011, 

and 2015 began to accelerate the development of innovation driven strategy, put forward new 

requirements for the innovation ability and to enhance the development of economic and social 

services of universities. Driving mechanism is the key to induce and guide the collaborative 

innovation, which is the influence factor of the front in the whole collaborative innovation chain. The 

research on dynamics mechanism have important practical significance, which will promote the 

innovation driven development strategy of china. 

This paper is based on the triple helix, which use Chinese universities as the main research object. we 

are research the  dynamics mechanism in order to drive university into collaborative innovation as a 

breakthrough, and we draw lessons from domestic and foreign relevant theory and practice. We will 

put forward a sound suggestions about collaborative innovation dynamics mechanism for Chinese 

universities provide a useful reference to the implementation of dynamic development strategy 

of Chinese. 

2. The dynamics factors of Chinese universities in collaborative innovation 

The driving factors of collaborative innovation mainly includes two aspects: external factors andi

nternal factors, external factor including transformation of knowledge production mode, market  

demand and government incentive policies, internal factors including driven by interest,  

development requirements. 

Knowledge production mode from  the mode 1(based subject) to the mode 2 (based knowledge 

application) in the era of knowledge economy. The mode 2 must requires interdisciplinary research, 

than scientific research has become a team's activities, rather than just a personal interest in activities. 

which will lead to the strengthening cooperation of universities, enterprises and research institutes.  

The university must strengthen the relation with enterprises and research institutes, from personnel 

training and transfer of knowledge for enterprises to technology development, patent transfer, cash 

flow and other all-round cooperation. 
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The market demand influence Chinese universities of personnel training and the scientific research 

more and more. If the university is not in accordance with the market demand for personnel training, 

which will lead to talent can not achieve good employment, and it will bring enormous loss 

to universities and students. Similarly, in the era of knowledge economy, if the scientific research of 

universities do not  in accordance with market demand, so there is only the application 

no value for use. In the face of market demand, universities must cooperate with 

enterprises, conduct research in accordance with market demand, then enterprises use research results 

into products, which will form a virtuous cycle of enterprises determine the market 

demand, universities proceed to do development of science and technology, enterprise products. All of 

this will promote the sustainable development of enterprises and universities. 

Since most Chinese universities is a government funded, especially famous research 

universities. Chinese government has inherent advantages in the use and integration of 

college innovation resources, but also, the role of government on promoting collaborative 

innovation can not be replaced. In addition, the government can through a variety of incentive 

policies for universities collaborative innovation, translate scientific research of universities from 

basic to application, make scientific research of university  develop the national or regional 

economic, promote the transformation and upgrading of nation or region. 

Universities have its natural work of personnel training and scientific research. Which has 

advantage in the collaborative innovation, including talents (teachers and students), scientific 

research (including research methods, research experience, research platform, research equipment etc.), 

and instrument equipment. The disadvantage of universities is the market 

information, funds, commercial activities, and these are the advantages of enterprises precisely. It 

requires universities and enterprises work with united strength and resources complementary, which 

can increase income of universities, improve universities conditions, further to improve the ability and 

level of personnel training and scientific research in universities, promote the sustainable development 

of universities.  

 For the university, the competitive advantage and the features is personnel training, scientific research 

and social services, which is the meaning of core competitiveness. Therefore, the quality of 

teaching, scientific research level, the higher the level of education, social 

services, achievements, then external reputation will be greater,  you can get the strong support of 

society and enterprises more and more; on the other hand, government funding and business 

cooperation projects is less and less,  the core competitiveness and reputation will be reduced. So, 

collaborative innovation for university not only to increase revenue and improve the educational 

level, but also the more important is the inner demand to enhance the core competitiveness. With 

the cooperation of enterprises, on one hand university can make the content of education  to 

achieve  development, to enable students to broaden their horizons, improve their studies, familiar 

with the market, strengthening the practice and innovation ability , and improve the level of training 

javascript:void(0);
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personnel. On the other hand, university can promote the teacher to obtain the new research direction 

and academic achievements, promote the scientific research updating, improve professional 

research and foresight. 

3. The question of Chinese universities in collaborative innovation 

At present, Chinese collaborative innovation although made some achievements, but which is not 

enough with the economic and social development demand. The motivation of collaborative 

innovation is still lacks, there are the external causes in government policy driven not enough and the 

internal incentive of universities is not in place. 

This is the external cause. First, Chinese government promote the establishment of collaborative 

innovation mechanism of university, which including some legal and policy, but there is no 

detailed regulations on the subject of intellectual property, distribution of interests, cooperation 

disputes and other aspects, in particular the relevant laws concerning intellectual property 

and  the evaluation criterion does not exist. Second, the investment of Chinese government 

in collaborative innovation is not enough, which can not fully mobilize the enthusiasm and 

initiative of universities who make active consciousness in collaborative innovation. Third, social 

awareness is not enough. Chinese is gradually publicity collaborative innovation, but social 

consciousness for collaborative innovation guidance is not enough. The main body of collaborative 

innovation forming the active consciousness is not very clear, Chinese society has not formed 

the collaborative innovation atmosphere of public opinion widely. 

Under are the internal causes.  The finding of teacher in universities evaluate with 

the academic standards. Because teacher reward evaluation system do not attach importance to 

the application value of scientific research, such as appraising professional title, science and 

technology awards evaluation, which lead to the finding disjointed market. In addition, Chinese 

university personnel training is pay attention to theory and light practice, resulting in the active 

and collaborative innovation awareness is not sufficient.  

4. The suggestion of Chinese universities in collaborative innovation 

First, Chinese government should improve laws and regulations about collaborative innovation. 

Chinese government should according to the current situation of economic development and 

universities, establishing effective collaborative innovation strategic planning (including nation 

and region), promoting the implementation of the collaborative innovation. The law and regulation 

mainly include the transformation of scientific and technological achievements, intellectual property 

protection, profit distribution, financial investment and so on. 

Second, Chinese government should increase financial input for collaborative innovation in 

universities. Chinese government promote the collaborative innovation of universities by financial 

input, which is most efficient. Chinese government can establish the collaborative innovation program 



 

 35 

etc., guide the universities cooperating with industry, and research institutes conducted the project 

application. 

Third, Chinese universities should improve the inner incentive system of collaborative 

innovation. Chinese universities firstly form the atmosphere of collaborative innovation, and guide 

teachers to produce innovative consciousness. Universities should establish regulations about 

applicable achievement in the interests of teacher‘s wages and welfare, job evaluation, project 

reporting, incentives and other aspects.  In addition, it should provide a good environment 

for teacher‘s collaborative innovation, especially in terms of benefit distribution it pay attention to the 

employee-developer. Only universities stimulate the enthusiasm of teachers effectively, the 

collaborative innovation in universities can come true. 

In conclusion, collaborative innovation embodies the essence of knowledge economy. 

Chinese universities should adhere to collaborative innovation, with breaking all kinds of obstacles 

for collaborative innovation, taking teachers and students as the main force of collaborative 

innovation, to serve the national and regional economic development as the guide, make full use of the 

national policy, using the advantage of research institutes and enterprises depth of collaborative 

innovation. Collaborative innovation is the only way of Chinese universities to realize the sustainable 

development. 
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1． Introduction: 

The university is an institution with a long history that has gone through several stages in its 

development. Although initially conceived as an institution with an educational mission, universities 

later came to be sources of knowledge generation (research). In recent years they have taken on a third 

mission by contributing more directly to society and economic development (Etzkowitz&Leydesdorff, 

2000). This process has been conceptualised in different ways: for example, as a change in the ―social 

contract‖ between university and the state (Guston&Keniston, 1994), as a change between the modes 

of knowledge production (Gibbons et al., 1994), or as a result of the dynamics of the triple helix 

(Etzkowitz&Leydesdorff, 1996). 

In any case, the ―capitalisation of knowledge‖ has proved to be the heart of a new mission for 

universities (Etzkowitz et al., 2000), linking academia more strongly with users of knowledge and 

establishing universities as economic players in their own right. According to Etzkowitz (2008) this 

entrepreneurial university rests on four pillars: 1- academic leadership able to formulate and 

implement a strategic vision; 2- legal control of academic resources, including ownership of tangible 

assets such as buildings, and intangible ones such as intellectual property emanating from research; 3- 

organisational capacity for the transfer of technology through patents and firm creation, licensing and 

incubation; 4- entrepreneurial culture among administrators, lecturers and students. 

Going considerably further than the production of knowledge and education, modern entrepreneurial 

universities seek practical applications for their discoveries to enhance social development. 

Universities are thus natural incubators which provide a framework to support teachers and students in 

their efforts to start new ventures (Taylor, 2012; Levi, 2014). It is also a fertile ground for new 

scientific fields and new industrial sectors through cross-fertilisation of ideas (Martinelli et al., 2008). 

In addition to these natural entrepreneurial characteristics, entrepreneurial universities explicitly take 

the lead in the development and allocation of knowledge/technology in society and the economy. 

Academia traditionally identifies areas of research and teaching on which to focus the critical mass of 

excellence to attract external support and resources. But an entrepreneurial university goes beyond 

this by developing capabilities in capturing and resolving the problems and needs of society as a 

whole, converting them into new research projects and intellectual paradigms,thereby creating a 

virtuous circle with internal intellectual development (Todorovic et al., 2011). 

This paper looks at how the vocation of universities as entrepreneurial institutions has encouraged, 

within the Polytechnic Institute of Coimbra (IPC), the organisation of business ideas competitions 

among students and teachers, and business plan competitions. What happened over the period 

2008-2014 showed a strong and significant involvement of students and teachers in spreading the 

entrepreneurial spirit, the transfer of knowledge/technology, patent registration and business creation. 

This article is organised as follows. The introduction contextualises the study and states its purpose. 

Section 2 briefly reviews the literature on the evolution of the vocation of the modern university 
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and the establishment of companies in an academic environment, while Section 3 describes the IPC 

context. The methodology explains the methods used in the collection and processing of data through 

a survey of regional finalists‘ business plans (Poliempreende competition). Section 5 presents and 

discusses the results. The findings confirm that the IPC has the embryonic characteristics of an 

entrepreneurial university, the promotion of contests of business ideas and plans among its students 

and teachers, which resulted in the registration of six patents and the creation of four new companies. 

2.   Literature review 

2.1 Changing world of academia 

An "entrepreneurial university" may seem a paradox, an antithesis of the "ivory tower" academic 

model (Etzkowitz et al., 2000). However, a natural consequence of the development towards a 

knowledge economy has been the transformation of the university, having academic entrepreneurship 

as an extension of teaching and research activities on the one hand, and the internalisation of 

technology transfer resources on the other. Thus, the transition to entrepreneurial university enlarges 

the traditional academic mission and paves the way for other missions. The first academic mission of 

education inspires a second investigative mission, which in turn drives a third mission of economic 

and social development. This transformation has created the ability to formally transfer the result of 

academic R&D to society. In addition, universities have used their research and teaching abilities in 

advanced areas of science and technology to create new businesses, while simultaneously expanding 

their education and training skills to embrace students in programmes to motivate entrepreneurs and 

the incubation of companies (Etzkowitz&Leydesdorff, 1997; Etzkowitz, 2002). In this regard, the 

capitalisation of knowledge has changed the way scientists view the results of their research and the 

entrepreneurial culture assumed by academia now fosters the economic exploitation of the results of 

their R&D as well as their intellectual potential. 

As measures to cultivate the spirit and entrepreneurial culture in universities, the traditional 

technology transfer offices (TTO) have incentivised academia to take an interest in using the results of 

its R&D for marketing and external ventures (Rogers et al. 1999; Siegel et al., 2001). The 

entrepreneurial culture also drives the search for external resources to undertake R&D projects. 

Alternatively, entrepreneurial attitudes and skills can be stimulated in training programmes 

deliberately constructed to achieve this, such as ideas or business plan competitions among an 

institution‘s students and teachers (Wang and Wong, 2004). So scientists who want the original 

results of their research to be recognised and to benefit economically, can participate in the rewards 

that may be generated without affecting the academic and business objectives. 

An academic institution, by definition, is not under the control of any government or industry. Indeed, 

as entrepreneurial universities increase their business activities in relation to the commercialisation of 

research, established industries may well see them as competitors or partners, probably both at the 

same time. Certainly, not all universities fit the business model since some focus mainly on teaching 
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or research and are not interested in commercialising any discoveries or participating in social 

improvement schemes. However, the literature points to a global movement towards the 

transformation of academic institutions of various kinds, such as teaching and research universities 

and polytechnics, enabling them to become entrepreneurial universities (Van Looy et al., 2011; 

Todorovic et al., 2011; Sam &Sijde, 2014). The entrepreneurial university thus has a high degree of 

autonomy to set its own strategic course and engage with other institutional spheres on equal terms in 

the formulation of joint projects for economic and social development, especially at regional level 

(Harrison & Leitch, 2010; Mok, 2013; Marques, 2009 and 2014; Svensson et al., 2012;. Van Looy et 

al., 2011). Thus, we can consider the entrepreneurial university as a growing contemporary 

phenomenon, global in nature, with a pattern of isomorphic development in different regions and 

countries. These changes in academia have sparked scientific interest in understanding the 

entrepreneurial activity at the Polytechnic Institute of Coimbra, in Portugal. How has the IPC 

encouraged the spirit of entrepreneurship among the academic community? 

2.2 Firm creation in academia 

The traditional knowledge marketing model employed by universities is based on the creation of 

patents through the TTO, the business incubation system, science parks and even on venture capital 

(Mowery et al., 2001; Nelson, 2001). In any case the aim is to identify knowledge and technology with 

marketing potential and channel it to the market. In addition, there has been a gradual shift in focus to 

the process of generating start-ups, both to maximise revenues and to find marketable applications 

(D'Este&Perkmann, 2011). 

The creation of technology-based companies is usually the result of a business process that has 

multiple sources. The source is often an individual with a new vision for combining existing elements 

in a new product or service, or it could be an inventor of a technology with broad scope with advanced 

skills (Carayannis et al., 1998; Gibson and Stiles, 2000). Other sources, often forgotten, include the 

entrepreneurial process that usually involves people with different skills (Ardichivili et al., 2003; 

Aviram, 2010), with the academic entrepreneur being a key element because the creation of a business 

start-up reflects individual actions and personal traits such as personality, qualifications, work 

experience and willingness to engage in commercial activities. 

The figure of the academic entrepreneur has been analysed in the literature, with the focus being on 

academic degree, experience, scientific output and social networks and other factors, together with the 

importance of incentives in the context of public policies (Shane, 2004; Braunerhjelm, 2007; 

Vohora et al., 2004). 

In the academic context, creating firms based on new technology almost always involves technical and 

commercial partnerships that allow lasting relationships of trust to be built up. The cross-fertilisation 

of ideas and knowledge between the parties is thus the key to the generation of ideas, while the 

involvement of teachers and researchers as collaborators and the availability of funds are stressed as 

important enablers of firm creation (Van Looy et al., 2011). Many academic institutions that want to 
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foster the entrepreneurial spirit establish training programmes and competitions for business ideas, 

which educate and train students for entrepreneurship. This partly explains the recent rise in the 

creation of firms in Europe (Van Looy et al., 2011; Levi, 2014). 

These changes have prompted the question, in the case of the IPC, of finding out the impact of the 

organisation of competitions for ideas and business plans in terms of patenting and creation of start ups. 

The research question is based on a previous literature review which highlights the involvement of 

students and teachers and the cross-fertilisation of ideas with respect to entrepreneurial initiative. 

Thus, we wanted to find out whether the R&D undertaken in academia and the involvement of 

lecturers in business ideas were factors in the registration of patents and the creation of the company. 

Secondly, we are interested to know if the technology area of the business idea influences patenting. 

3.   The context of the study 

Coimbra Polytechnic Institute (IPC) was founded in 1979 as part of the implementation of 

polytechnic education in Portugal. Although relatively young, the IPC drew on the tradition and the 

experience of major schools, which began to integrate it to the extent that today it is the third largest 

polytechnic institute in Portugal. Currently, the IPC has 9966 students and 653 lecturers, spread over 

six teaching units: 1- Escola Superior Agrária [Agricultural College]; 2- Escola Superior de Educação 

[College of Education]; 3- Escola Superior de Tecnologia e Gestão [College of Technology and 

Management]; 4- Escola Superior de Tecnologia da Saúde [College of Health Technology]; 5- 

Instituto Superior de Contabilidade e Administração [School of Accounting and Administration]; 6- 

Instituto Superior de Engenharia [School of Engineering] (IPC, 2014). 

The high profile that the IPC has gained in the landscape of higher education in Portugal and 

(reflected as much in the large number of students who put its courses as their first choice, as in the 

excellent employment rates of their graduates) is the result of the fine quality education its colleges 

and schools deliver. A strong practical component is supported by a solid theoretical foundation, not to 

mention the relentless concern to adapt the courses to the needs of the labour market. 

The interest in stimulating an entrepreneurial culture among students and teachers meant that from 

2007 the IPC participated in the Poliempreende competition organised for all the Polytechnic 

Institutes of Portugal. The same competition was promoted at regional level, intended for students and 

teachers, creating favourable conditions for the development of business ideas, knowledge and 

technology transfer, and firm creation. The main goal was to foster an entrepreneurial culture in 

academia and instil a spirit of initiative in students; a willingness to venture that can lead to the 

establishment of their own company and job creation, thereby making use of the eminently practical 

and vocational character of their training. 

The Poliempreende competition has three stages: the first is the generation of ideas; the second is a 

regional competition for business plans for new company projects; the third is the national 

competition involving the winners of the regional stage. Between 2008 and 2014, the regional 
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competition attracted 68 business plans for new firms submitted by 659 students and 25 teachers. 

Rounding off the entrepreneurial action of the IPC, in 2013 a physical structure, called "Inopol" was 

installed on the campus. It acts as an incubator and entrepreneurship academy to support students and 

teachers in the implementation of new projects and ideas, among which are several newly established 

firms, the fruit of these competitions. 

4.  Methodology and goals 

The main purpose of this article is to describe the entrepreneurial activities of the IPC within the 

organisation of the Poliempreende competition between 2008 and 2014. We are particularly interested 

in answering three questions: 

 What has been the impact of the Poliempreende in terms of registering patents and creating 

start-ups? 

 Has the R&D carried out and the participation of teachers led to the registration of any patents and 

the creation of start-ups? 

 Did the technology area of the idea lead to any patents? 

Data collection was based on two sources: 1- on the database of the seven editions of the 

Poliempreende competition, which each year involved organising a competition of business ideas and 

a competition of business plans; 2- on a survey of 22 finalist projects from the seven business plan 

competitions from 2008 to 2014, for which 20 valid questionnaires were obtained. 

The survey was conducted by mail and later confirmed by telephone between November and 

December 2014, and aimed to find out: 1- the business idea; 2- details of the team of promoters 

(number of students and teachers); 3- technology area underlying the idea (information and 

communication technology (ICT), biotechnology, consumer products, industrial products, energy, 

others); 4- registration of patents; 5- whether the idea was based on R&D, and 6- creation of start-up 

after the competition. The value 0 was assigned to a negative response and 1 to an affirmative 

response. 

The dependent variables were the number of patents and the number of start-ups created. These 

variables are indicators of the entrepreneurial activity of the IPC. The independent variables were the 

idea being based on R&D, the number of teachers involved in the competition teams and the 

technology area of the business idea to be created. These variables are taken as possible causal and 

explanatory factors for patent registration and firm creation. Figure 1 represents the relationship to 

study between the dependent and independent variables. 



 

 43 

 
Figure 1 – Theoretical framework of the study 

 

The data was processed with SPSS software and Fisher‘s exact test was used for a confidence level of 

90%. When possible, the associations were measured using Cramer‘s V coefficient. The results  

were  interpreted  broadly,  with  an  interest  not  only  in  showing  statistically  

significant associations, but also in detecting general trends of strong associations that might reveal 

passive tendencies of being potentially explanatory of patenting and new firm creation. 

5.  Results and discussion 

The empirical analysis of the sample is divided into three parts: first, a description of the overall results 

regarding the impact of Poliempreende competition in terms of patenting and firm creation at regional 

level; second, a discussion of the results of the relationship between the existence of R&D activities 

based on the idea and the participation of teachers in the projects, and their impact on patenting 

and on firm creation; third, the relationship between the technology area providing the foundation 

of the business idea in competition and the registration of patents. 

5.1 General analysis of the impact of the Poliempreende competition 

The results of the general analysis call attention to the importance of the Poliempreende competition, 

given the high number of students and teachers involved in the ideas and business plan competitions, 

and the projects submitted.There were 659 students involved in the ideas competition and 238 in the 

business plan competition.The ideas competition precedes the business plan one and so naturally fewer 

projects are prepared for the latter. The total number of business plans submitted for the period 

2008-2014 was only 68.Twenty-five teachers were engaged on these final projects and 22 business 

plan projects won awards at the regional stage of the Poliempreende competition.Table 1 shows the 

number of ideas, business plans, participants, patents registered and start-ups created over the 

2008-2014 period. 

Although the key objective of the Poliempreende competition is to raise the awareness of students 

and teachers to entrepreneurship, we tried to measure its impact through the number of patents 

registered and start-ups created. The results show six patent applications submitted and four firms 

created, with teachers being involved in all of them. The importance of academic knowledge and 

technical know-how for project development is thus quite clear. 
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Table 1- Poliempreende Competition (ideas, business plans, participants, patents and start-ups(per 

year) 

 2008 2009 2010 2011 2012 2013 2014 TOTAL 

Ideas No. of teams 25 17 26 25 31 54 28 206 

No. ofstudents 75 62 78 92 104 159 89 659 

No. ofprojects 6 6 9 9 13 14 11 68 

Businessplans  No. of students 18 22 35 47 38 48 30 238 

No. of teachers 2 2 2 5 2 8 4 25 

No. of patents 1   1 1 2 1 6 

No. of firms created  1  1  2  4 

Source: Survey conducted in the study. 

 

Of the 20 business plan projects characterised by their underlying area of technology, by R&D 

underpinning the business idea and by the involvement of teachers (Table 2), there were six business 

plans in the area of biotechnology, five for consumer products and four focused on ICT. 

 

Table 2 – Poliempreende Competition: Technological area, R&D and Teachers (n = 20) 

 Technological Area No. R&D underpinning idea N Teachers in projects N 
1- ICT 4 Yes 12 Yes 16 

2- Biotechnology 6 No 8 No 4 
3- Consumer products 5  
4- Industrial products 3 
5- Energy  
6- Other 2 

Source: Survey conducted in the study. 

Sixteen of the 20 projects in our study involved teachers and of these 12 were based on academic 

R&D. This supports the idea that the technology areas underlying projects most likely to win awards 

and be recognised are biotechnology, consumer products and ICTs, suggesting that the involvement of 

teachers and the scientific and technical knowledge of the IPC influence the successful outcome in this 

competition. 

5.2 Impact of R&D and teacher involvement on the number of patents and start-ups 

To answer the second research question, we calculated Fisher‘s exact test so as to ascertain the impact 

of having R&D underpin the idea and teacher involvement on patent registration and new firm 

creation. 

The findings show (Table 3) that having a business idea underpinned by R&D does not affect patent 

registration and the creation of start-ups, since the p-values are very different from those expected 

and not statistically significant. The same result was obtained for the association between teacher 

involvement and firm creation. A possible explanation could be related to the small number of projects 

surveyed, since only projects winning awards in the study period were included.However, the 

association between teacher involvement and patent registration had a p-value of 0.170, indicating a 

confidence level lower than desired. Nonetheless, this result does suggest a very significant 
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association since it shows a relatively strong intensity (Cramer V = 0.4967). It is assumed that the 

greater the number of teachers involved in business plan projects, the greater the probability of making 

an application for patent application. 

5.3 Impact of technology area underlying the idea and number of patents 

As with the previous analysis, we used Fisher‘s exact test to measure the association between the 

technological area of the business idea and the number of patents.The result did not show any 

statistically significant association between these variables (p-value = 0.107).However, the intensity is 

strong (Cramer V = 0.6204) (Table 3), suggesting a tendency for an impact of the technology 

underlying the projects and patent creation, i.e. incentives provided by academia in the areas of 

biotechnology, ICTs and consumer products could influence the registration of a patent. 

Table 3 – Statistical 

inference

 

6 .   Conclusions 

This paper looked at how the university‘s vocation as an entrepreneurial institution has encouraged, 

within the Polytechnic Institute of Coimbra, the promotion of competitions for ideas and business plans 

among students and teachers.Between 2008 and 2014 there was a strong and significant involvement of 

students and teachers in spreading the entrepreneurial spirit, the transfer of knowledge and technology, 

patent registration and firm creation. The study covered 20 business plan projects that won awards in 

the regional competition in the period. The results showed the importance of the Poliempreende 

competition since 659 students took part in the section devoted to idea generation, and 238 students and 

25 lecturers were involved in business plan competitions. The outcome was 68 final projects developed 

and entered in the competition.The 20 award- winning projects led to six patent applications and four 

projects developed to create a start-up.The motivating atmosphere of the competitions is undoubtedly 

the reason for these results, which confirms the studies by Martinelli et al. (2008), Van Looy et al. (2011) 

and Levi (2014), which see the academic environment as a fertile setting for nurturing ideas, 

entrepreneurship and innovation. 

The statistical tests performed indicate that the R&D undertaken in the IPC does not determine the 

registration of patents and firm creation, nor is the involvement of teachers statistically relevant to the 

creation of new start-ups. The results are basically due to the small number of projects surveyed. It is 

thought that a bigger sample could show that academic R&D and teacher involvement are in fact 

relevant causal variables. 



 

 46 

Although no statistical significance of the association between teacher involvement in the business plan 

projects and number of patents registered, the intensity is strong, suggesting that the greater the 

cross-fertilisation of knowledge and support from teachers the greater the likelihood of registering a 

patent. 

Rather more conclusive was the finding that the technology area of the projects surveyed influenced 

patent applications, showing a strong association. These results highlighted the relevance of 

biotechnology, ICT and consumer products as the technology areas sustaining business plan projects 

which are decisive for patent registration, suggesting that the IPC has used its teaching and research 

capabilities in advanced fields of science and technology and is open to transferring its knowledge to the 

community. At the same time, it has extended its training to students on programmes concerned with 

fostering entrepreneurship and business incubation, which led to six patents being generated and four 

new start-ups established. This confirms the trends reported by Etzkowitz&Leydesdorff (1997) and 

Etzkowitz (2002). These signs further bear out the global shift towards the conversion of academic 

institutions such as Coimbra Polytechnic Institute into entrepreneurial universities (Van Looy et al., 

2011; Todorovi et al., 2011;Sam &Sijde, 2014). 

Policy Implications: 

The literature on the impact of incentives for entrepreneurship, such as ideas and business plan 

competitions, on academia is fairly limited.Traditionally, students and lecturers tend to focus on 

academic studies and research, with the exploitation of knowledge and technology for economic ends in 

third place.This boosts the idea that universities can play an important part in technology transfer 

activities in their regions. There are thus two practical implications for management. 

First, entrepreneurial universities, regarded as instruments to facilitate entrepreneurship through the 

economic exploitation of R&D, are undoubtedly an appropriate resource for incentivising the 

entrepreneurial spirit among their students and teachers. This research has shown that the involvement 

of teachers and the staging of competitions for ideas and business plans are vital to the registration of 

patents. A more thorough examination of these aspects may well help to boost the rates of new firm 

creation and patent application. Second, from the standpoint of policies to stimulate entrepreneurship, 

the promotion of competitions for ideas and business plans in academia can be regarded as a strategy 

to stimulate the entrepreneurial spirit and the registration of patents, thereby leading to the production 

and marketing of goods and services through new companies. 

Directions for further research 

The research was based solely on projects for business plans that won awards in regional Poliempreende 

competitions. It would be interesting and useful to extend the study to all the projects submitted and so 

improve the chance of achieving statistically more consistent results. 
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Abstract：In practice, we strengthen the role of market in promoting technical innovation. Then the 

influences of market profits, market concentration and the foreign capital cannot be ignored. And will 

these three forces promote the industrialization of innovation results or not? To find the answer to this 

question, this study will take the industry of Medical Equipments and Measuring Instrument as an 

example and conduct the empirical analysis with differential GMM models and system GMM models. 

The study finds that the growth in market profits do not have a clear influence on the innovation 

transformation in the industry of Medical Equipments and Measuring Instrument. An increase of 

market share of foreign capital can greatly promote the innovation transformation, so this industry 

should further develop the strategy of opening-up to the foreign capital in order to improve the 

innovation transformation efficiency. Market concentration has U-typed influences on innovation 

transformation. So now, should allow some enterprises to gather high quality resources to promote the 

transformation of innovation results.  
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1. Introduction 

Market has always been considered to play an important role in transforming the innovation results. 

And it is very easy for people to take the market force to promote the transformation of innovation 

results. Some people think that it is nature of producers to achieve high innovation premium. A low 

level of profits will not be conducive to industry innovation, while the pursuit of profits will motivate 

enterprises to conduct innovation and promote the development of innovation results[1, 2].But another 

possibility also exists that after enterprises get the vested interests, without outside threats, they are 

willing to keep the status quo in order to avoid huge risks brought by the failures in transforming the 

innovation results[3,4,5,6]. Based on the above-mentioned, we initially question as follows: 

R.Q.1. For China‘s industry of Medical Equipments and Measuring Instrument, how market profits 

influences innovation transformation: promote or prevent? 

In markets, monopoly is not much appreciated because it is always related with a high price, inertia in 

innovation, a low efficiency and a fierce competition. Market monopoly caused by market 

concentration may narrow down the living space of medium-sized and small enterprises, which is not 

beneficial to the transformation of innovation achievements[7,8,9,10,11,12,13,14,15]. But also, when 

the economy develops to some degrees, markets also need some backbone enterprises to lead the 

whole industry. The resource equality brought by decentralized market force cannot achieve this aim. 

And appropriate market concentration will promote some high-quality enterprises to gather the 

necessary resources of the transformation [1,16,17,18,19,20,21,22]. By empirical analysis, some 

scholars further pointed out, a middle level of market concentration would be favorable for innovation 

[23,24,25,26,28]. But the other probability is that in the beginning, an increasing market concentration 

will help some enterprises to gather resources quickly, which will promote the innovation 

transformation of the whole industry. However, when the market is becoming more monopoly, large 

enterprises will squeeze the small and medium-sized enterprises out, which are not conducive to the 

innovation transformation of the whole industry. Therefore, market concentration has an inverted 

U-shaped trend of influence on innovations transformation. Therefore, the next study question is as 

follows: 

R.Q.2. For China‘s industry of Medical Equipments and Measuring Instrument, how market 

concentration influences innovation transformation: promote or prevent? 

There is no doubt that foreign capital plays an important role in developing the economy in the first 

stage of modernization in developing countries. In the interaction with local enterprises, foreign 

enterprises can take advantage of technology spillover effects, competition effects and learning effects, 

which will be good for the technology development of local enterprises[29,30]. And when the 

developing countries are in the middle and late part of industrialization, local enterprises have 

accumulated some resources in technology and had some influences on foreign enterprises. At this 

time, will the foreign capital promote the transformation of innovation results in the host countries? 

Some people hold that foreign enterprises‘ advantages in technology, management, capital and talents 
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will squeeze the market of local enterprises. And foreign enterprises can use the merging strategy to 

have the technology spillover effects, which will lead to that the host country will lose the ability to 

make a breakthrough[31,32,33]. And others think that the technology spillover effect of foreign capital 

on the host country depends. Whether the foreign capital can promote the development of the host 

country or not will depends on the local country‘s stock resources like capital, technology, talents and 

equipments[34,35], and firm heterogeneity and pattern of ownership[36]. If the gap between foreign 

and local enterprises is big, foreign ones will hold back the development of local ones and if the gap is 

small, foreign ones will promote the development of local ones[37,38].  Based on the 

above-mentioned, we can draw a conclusion that in the transformation process of innovation 

achievements, foreign capital can have two kinds of influences: one is to hold back the transformation 

of innovation achievements; and the other is to promote the transformation of innovation 

achievements. If the squeeze effects first and incentive effects second, market concentration will have 

an U-shaped trend of influences on innovation output. On the contrary, if the incentive effects first, 

market concentration will have an inverted U-shaped trend of influence on innovation output. 

Accordingly, our final study question is: 

R.Q.3. For China‘s industry of Medical Equipments and Measuring Instrument, how foreign capital 

influences innovation transformation: promote or prevent? 

To figure out these issues, a series of problems such as model selection, variable selection, data 

processing and empirical analysis have to be solved. And the solution to these problems has 

constituted the main frame of this study. 

2. Data and Variable 

The Source of Data 

The data of this study mainly come from the China Statistics Yearbook on High 

Technology  Industry from 1995 to 2012. According to the statistical objects in these statistics 

yearbooks, the industry of Medical Equipments and Measuring Instrument has included Manufacture 

of Medical Equipment and Appliances, Manufacture of Measuring Instrument. Therefore, the panel 

data of 18 years which cover two industries have been formed.  

The Explained Variable 

This study mainly conducts a study on the innovation transformation. Therefore, the dependent 

variables referred in this study consist of two parts: one is the technical achievements produced in the 

intermediate stage of innovation which are represented by the volume of patents; the other is the new 

products produced in the process of innovation transformation which are represented by the sales 

volume of new products. This study has considered the ratio of sales revenue to the volume of patent 

application as the dependent variable which is also the variable of innovations transformation. See 

table 1.  
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Table 1.  The explained variable. 

indicator symbol units variable representation 

Innovations 

transformation 
Trans 10000yuan/piece 

Sales revenue of new products / Patent 

applications 

 

The Explanatory Variable Among all complicated market factors, the influences of market profits, 

market concentration and market share of foreign capital on innovation transformation are very great. 

Based on the above-mentioned three factors, the explanatory variables are constructed respectively to 

reflect their influences on innovation transformation. See table 2.  

Table 2.  The explanatory variable. 

indicator symbol variable representation 

Market profits Profit 
Industry profits／Gross industrial output value at 

current prices 

Market concentration   HHI See formula (1) 

Market share of foreign 

capital 
Fore 

Business revenue of foreign capital  / Revenue of 

whole industry 

The Control Variable  

The innovation transformation is driven not only by the market factors but also by lots of other factors, 

such as enterprise scale, human input, capital input, taxation strength, government funding support, 

credit support. Therefore, this study chooses the above factors as control variables. See table 3. 

Table 3. The control variable. 

indicator symbol units variable representation 

Enterprise scale Scale 
100 million 

yuan/unit 

Industrial Output Value at Current Prices/Number of 

Enterprises 

Taxation strength Tax % Taxes / Taxes and Profits 

Government 

funding 
Gov % 

Government Funds / Funds from Enterprises and 

Loans  

Credit support Bank % 
Funds from Loans / Funds from Government and 

Enterprises 

Human resources RDfull man-year/unit 
Full-time equivalent of R&D personnel / Patent 

applications 

Capital resources NPD 10000yuan Expenditure on new products development 

 

In the period of study , both the data trends of "talent input" and "capital input" are consistent, which 

may lead to multicollinearity in model, so the article construct the variable ―full-time equivalent of 

R&D personnel / patent applications‖ to represent the indicator ―human resources‖. 

The Lag Time 
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For the industry of Medical Equipments and Measuring Instrument, there is a series of intermediate 

trials, so it has a long way to go from the development of innovation achievements to the sales of new 

products. Therefore, the lag time between these two steps needs to be considered. This study assumes 

that the new product revenue can be obtained after two or three years from the development of 

innovative achievements. See table 4. 

Table 4. The construct of time lag. 

time lag construct 

2-year lag New(t+2)/Patent(t) 

3-year lag New(t+3)/Patent(t) 

Notes：―New‖ represent ―sales revenue of new products‖; ―Patent‖ represent ―patent applications‖ 

Processing of the Explained Variable 

In innovation transformation variables, the sales revenue belongs to the flow indicator. Taking 1995 as 

the base period, this study will conduct the processing of deflating on the data at a constant price. And 

for the sales revenue of the new product, this study will deflate the producer price index in 1995. In 

addition, the explained variable is in logarithmic in order to weaken the fluctuation of values. 

Processing of Explanatory Variable 

This study will use Herfindahl-Hirschman Index to represent the industry market concentration. The 

formula is as follows. 

                 
2 2

1 1

( / )
n n

i i

i i

HHI S X X
 

                             (1) 

In the expression (1), /i iS X X represents the market share of the i-th enterprises; n represents the 

number of the enterprises in the whole industry. iX  and X  represent the i-th enterprise‘s market size 

and total market size respectively. In actual computation, the market size data of each enterprise 

cannot be achieved. This study classifies the market size into three types: the production value of large 

enterprises, the production value of mid-sized enterprises and the production value of small enterprises, 

and achieves the number of enterprises under the three types. From the ratio of the production value of 

enterprises to the number of enterprises in different sizes, the market size of the enterprises in different 

sizes can be achieved. Thus, the market share of the enterprises in the whole industry can be concluded. 

Then finally HHI can be figured out. See Figure 1. 
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Figure 1 the market concentration of Medical Equipments and Measuring Instrument industry 

In order to reduce the volatility of the HHI value of various industries, this study will adopt the methods 

of logarithmic processing.  

Processing of Control Variable 

The variable of enterprise scale is constructed by ―Gross Industrial Output Value at Current 

Prices/Number of Enterprises‖, to weed out the price influences on the gross industrial output value, 

this study conducts a processing of deflating on the data at a constant price with consumer price index 

and taking 1995 as the base period. For the indicator of new product development funding, we also 

should taking 1995 as the base period, and conducting a deflation on the indicator data at a constant 

price. 

In addition, the logarithmic processing on the variables ―Scale‖, ―RDfull‖, ―NPD‖ in order to weaken 

the data fluctuation. 

3. Model Setup 

This study uses the panel data of 18 years which covers 5 industries of Medical Equipments and 

Measuring Instrument. So this study will adopt the panel data models to conduct study, and analyze 

the influences of market factors on innovation transformation from dynamic perspective. The 

indicators such as market profits, market concentration and foreign capital in explanatory variable are 

themselves not necessarily strict exogenous variables but are results influenced by other factors. In the 

process of building models, these factors are easy to be ignored, which may lead to some endogenous 

problems, and these endogenous problems will affect the stability of the models. Arellano and Bond 

(1991) put forward the differential GMM model[39], through the first order difference to regression 

equation, and use the lagged values of the explanatory variables as a tool variable for 

difference equations, which does not use external tools to solve the problem of endogenous, but the 

disadvantage is that when the regression variables exist numerical approximation of random walk, the 

difference GMM model is vulnerable to be influenced by the weak instrumental variable, so cause the 

model estimates biased. Based on that, Blundell and Bond(1998) put forward system GMM models 
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which uses the information provided by difference equation and level equation[40]. The system GMM 

models can improve the efficiency of instrumental variable and minimize the deviation of 

regression results. In addition, the dynamic panel data models can also be used to analyze the lagged 

effects of innovations transformation in different periods. 

This study will use the differential GMM models and system GMM models to conduct regression 

analysis and compare the regression results of different models to observe the stability of models. 

Linear Model 

To analyze the linear effect of market profits, market concentration and market share of foreign capital 

on innovation transformation, a linear model was constructed as follows: 

1 2 3=it it it it i t itlnTrans c Bene Fore lnHHI X                         （2） 

In the expression (2), Trans means innovation transformation; Profit means market profits; HHI means 

market concentration; Fore means foreign capital; X is control variable, including lnScale, lnNPD, 

lnRDfull, Tax, Bank, Gov. i  represents the industry effect which does not change with time. t  

represents the time effect which does not change with time; c and  represent constant term and 

stochastic error respectively.  

Non-linear Model 

To observe U-shaped trend or inverted U-shaped trend of influences of market concentration and 

market share of foreign capital on innovation transformation, a no-linear model was constructed as 

follows: 

2

1 2 3 4=it it it it it i t itlnTrans c Bene Fore Fore lnHHI X                   （ ）   （3） 

2

1 2 3 4=it it it it it i t itlnTrans c Bene Fore lnHHI lnHHI X                  （ ）   （4） 

4. Model Analysis 

After operating the software of STATA, the estimated results of GMM models can be got. See table 5 

and table 6. 

Table 5.  Panel data regression of considering ―New(t+2)/Patent(t)‖ 

 Difference GMM Model  System GMM Model 

 Model 1 Model 2 Model 3 Model 4  Model 5 Model 6 Model 7 Model 8 

lnTrans(L1) 0.237* 

(1.72) 

0.248* 

(1.73) 

0.191 

(1.37) 

0.217 

(1.47) 

0.240** 

(2.21) 

0.253** 

(2.22) 

0.188* 

(1.69) 

0.219* 

(1.84) 

Constant 1.773 

(0.61) 

7.206* 

(1.62) 

5.540 

(1.48) 

7.883* 

(1.74) 

1.366 

(0.54) 

8.793** 

(2.26) 

4.996* 

(1.60) 

9.970** 

(2.44) 

Bene 8.268 

(0.72) 

-1.618 

(-0.12) 

3.240 

(0.27) 

-1.755 

(-0.13) 

-1.868 

(-0.24) 

-9.443 

(-1.08) 

-10.825 

(-1.19) 

-13.875 

(-1.43) 

Fore 2.256 

(1.22) 

2.589 

(1.34) 

-13.909 

(-1.36) 

-7.200 

(-0.57) 

2.247 

(1.47) 

2.366 

(1.49) 

-14.190* 

(-1.66) 

-7.759 

(-0.81) 

Fore
2
   18.545* 

(1.61) 

11.119 

(0.79) 

  19.042* 

(1.95) 

11.711 

(1.07) 

lnHHI 0.089 

(0.32) 

-3.402* 

(-1.60) 

0.048 

(0.17) 

-2.410 

(-0.98) 

-0.068 

(-0.32) 

-4.306*** 

(-2.60) 

-0.131 

(-0.60) 

-3.743** 

(-2.14) 



 

 56 

(lnHHI)
2
  0.539* 

(1.66) 

 0.382 

(1.01) 

 0.666** 

(2.58) 

 0.571** 

(2.08) 

lnScale 0.128 

(0.58) 

0.089 

(0.39) 

0.403 

(1.45) 

0.265 

(0.83) 

0.278 

(1.39) 

0.163 

(0.76) 

0.576** 

(2.30) 

0.362 

(1.27) 

lnNPD -0.002 

(-0.02) 

0.121 

(0.89) 

-0.109 

(-0.85) 

0.021 

(0.11) 

0.060 

(0.84) 

0.155* 

(1.88) 

-0.003 

(-0.04) 

0.103 

(1.07) 

lnRDfull 0.847*** 

(6.10) 

0.983*** 

(5.92) 

0.885*** 

(6.30) 

0.966*** 

(5.80) 

0.892*** 

(8.27) 

1.017*** 

(8.31) 

0.974*** 

(8.48) 

1.049*** 

(8.25) 

Tax -0.787 

(-0.40) 

-2.675 

(-1.13) 

-2.238 

(-1.03) 

-2.995 

(-1.26) 

-1.999 

(-1.26) 

-3.985** 

(-2.18) 

-3.964** 

(-2.12) 

-4.911** 

(-2.41) 

Bank 0.130 

(0.13) 

0.041 

(0.04) 

0.012 

(0.01) 

-0.004 

(-0.00) 

0.019 

(0.02) 

-0.090 

(-0.10) 

-0.104 

(-0.13) 

-0.150 

(-0.17) 

Gov -3.817* 

(-1.81) 

-4.231* 

(-1.92) 

-5.501** 

(-2.34) 

-5.120** 

(-2.07) 

-2.436 

(-1.38) 

-3.376* 

(-1.80) 

-4.079** 

(-2.10) 

-4.253** 

(-2.06) 

AR(1) 0.161 0.161 0.219 0.217 0.180 0.171 0.163 0.161 

AR(2) 0.179 0.161 0.162 0.166 0.176 0.161 0.166 0.170 

Sargan-test 0.145 0.292 0.190 0.257 0.217 0.609 0.291 0.647 

Notes: t test value in parentheses; *,**and*** respectively denote the significance level of 10%,5% 

and 1%(two-sided test). Significance probability of P value given in Sargan test, AR(1) and AR(2) test. 

 

Table 6. Panel data regression of considering ―New(t+3)/Patent(t)‖ 

 Difference GMM Model  System GMM Model 

 Model 9 Model 

10 

Model 

11 

Model 

12 

 Model 

13 

Model 

14 

Model 

15 

Model 

16 

lnTrans(L1) 0.120 

(0.80) 

0.134 

(0.90) 

0.123 

(0.75) 

0.119 

(0.74) 

0.112 

(0.95) 

0.116 

(0.97) 

0.125 

(0.92) 

0.123 

(0.89) 

Constant 7.570** 

(2.06) 

4.211 

(0.69) 

7.362 

(1.40) 

4.618 

(0.72) 

7.118** 

(2.32) 

6.080 

(1.30) 

6.464 

(1.50) 

5.866 

(1.13) 

Bene 2.067 

(0.13) 

8.065 

(0.46) 

2.359 

(0.14) 

7.777 

(0.43) 

-13.244 

(-1.31) 

-12.401 

(-1.16) 

-12.092 

(-1.03) 

-11.851 

(-0.99) 

Fore 3.809 

(1.48) 

3.650 

(1.42) 

4.695 

(0.30) 

-1.198 

(-0.07) 

4.571* 

(1.97) 

4.562* 

(1.94) 

7.653 

(0.55) 

6.429 

(0.42) 

Fore
2
   -1.010 

(-0.06) 

5.484 

(0.28) 

  -3.519 

(-0.23) 

-2.130 

(-0.12) 

lnHHI 0.343 

(0.83) 

2.341 

(0.80) 

0.348 

(0.79) 

2.745 

(0.83) 

0.024 

(0.07) 

0.620 

(0.30) 

0.045 

(0.13) 

0.529 

(0.24) 

(lnHHI)
2
  -0.306 

(-0.69) 

 -0.372 

(-0.73) 

 -0.093 

(-0.30) 

 -0.077 

(-0.22) 

lnScale -0.374 

(-1.18) 

-0.357 

(-1.13) 

-0.391 

(-0.90) 

-0.263 

(-0.57) 

-0.249 

(-0.92) 

-0.238 

(-0.86) 

-0.310 

(-0.79) 

-0.277 

(-0.65) 

lnNPD -0.077 

(-0.49) 

-0.146 

(-0.79) 

-0.072 

(-0.38) 

-0.189 

(-0.77) 

0.079 

(0.76) 

0.066 

(0.58) 

0.091 

(0.76) 

0.076 

(0.54) 

lnRDfull 0.715**

* 

(3.27) 

0.636**

* 

(2.60) 

0.711**

* 

(3.03) 

0.639** 

(2.54) 

0.918**

* 

(5.62) 

0.905**

* 

(5.29) 

0.899*

** 

(4.77) 

0.896*

** 

(4.65) 

Tax -2.704 

(-0.98) 

-1.532 

(-0.48) 

-2.615 

(-0.81) 

-1.760 

(-0.52) 

-4.922** 

(-2.38) 

-4.694** 

(-2.11) 

-4.602* 

(-1.79) 

-4.540* 

(-1.72) 

Bank -0.566 

(-0.41) 

-0.515 

(-0.37) 

-0.560 

(-0.39) 

-0.539 

(-0.38) 

-0.669 

(-0.52) 

-0.701 

(-0.54) 

-0.670 

(-0.50) 

-0.696 

(-0.51) 

Gov 0.844 

(0.29) 

1.038 

(0.36) 

0.948 

(0.27) 

0.512 

(0.15) 

1.227 

(0.49) 

1.285 

(0.50) 

1.599 

(0.52) 

1.500 

(0.47) 
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AR(1) 0.185 0.191 0.182 0.184 0.199 0.204 0.217 0.197 

AR(2) 0.173 0.177 0.172 0.179 0.197 0.199 0.206 0.205 

Sargan-test 0.688 0.637 0.686 0.617 0.813 0.805 0.844 0.842 

 

Notes: t test value in parentheses; *,**and*** respectively denote the significance level of 10%,5% 

and 1%(two-sided test). Significance probability of P value given in Sargan test, AR (1) and AR (2) 

test. 

In table 5 and table 6, Sargan test is to test the validity of the instrumental variables which is to test the 

over-identification of the instrumental variables. The original hypothesis is that the instrumental 

variables are valid and P-values of Sargan Test are all beyond 0.05 which means that the 

over-identification of instrumental variables do not exist in various dynamic models. AR (1) and AR (2) 

refer to 2 situations of Arellano-Bond test. AR(1) and AR(2) are to observe whether residuals have 

something to do with the first-order sequence and the second-order sequence. The original hypothesis 

is that there is no connection between residuals and sequences. Generally speaking, if residuals have 

nothing to do with the second-order sequence, GMM models are valid. From the P-value in the AR (2) 

test, P-values are all beyond 0.05 which means that there is no connection between residual and the 

second-order sequence.  

In Table 5, the coefficients of Bene are positive in the model 1 and 3. And the coefficients of Bene are 

negative in other models but not very significant, which shows that when the time lag is 2 years, Bene 

does not have a positive influence on the dependent influences. In the research period, the increase in 

the market profits does not play an important role in promoting the innovation transformation. In Table 

6, the coefficients of Bene are all positive in the differential GMM models but are not significant.  

For Fore, this study has discussed its linear effects and nonlinear effects on the dependent variables. 

The table 5 has shown that in model 1, 2, 5, 6, the coefficients of Fore are positive but not significant. 

The table 6 has shown that in model 9, 10, 13 and 14, the coefficients of Fore are positive and are very 

significant in the model 13 and 14. Based on the above-mentioned, in the research period, an increase 

in foreign capital will promote the innovation transformation. The Table 5 has shown that the 

coefficients of Fore
2
 are all positive and are significant in model 3 and 7, which has shown that Fore 

has an U-typed influences on the dependent variables. But in table 6, except in the model 12, the 

coefficients of Fore
2
 are all negative in other models and are not very significant. This is opposite to 

the analysis of the condition that the time lag between innovation and its industrialization is 2 years. 

Therefore, the influences of Fore
2
 on the dependent variables are not very stable. According to the 

relevant data, in the research period, the share of foreign capital in Manufacture of Medical Equipment 

and Appliances, Manufacture of Measuring Instrument is 42.86% and 35.56% respectively. This has 

shown that in these two industries, the foreign capital is not overdue. From the results of empirical 

study, in the research period, foreign capital can promote the development of innovation 

transformation. Therefore, in the future, good-quality foreign capital should be brought in.  

For lnHHI, this study has also discussed its linear effects and nonlinear effects on the dependent 



 

 58 

variables. The table 5 has shown that in the model 1 and 3, the coefficients of lnHHI are positive but 

negative in the model 5 and 7. The table 6 has shown that in model 9, 11, 13 and 15, the coefficients of 

lnHHI are positive but not very significant. Based on the comprehensive analysis, lnHHI does not 

have a significant influence on the dependent variable. After (lnHHI)
2
 is added, (lnHHI)

2
 is positive in 

various models and significant in the model 2, 6 and 8. This shows that (lnHHI)
2
 has an U-typed 

influence on the dependent variable, which means that in the first stage, an increase in the market 

concentration will not be conducive to the transformation of innovation results in this industry. But 

after some time, an increase in the market concentration will promote the transformation behaviors in 

this industry. But this conclusion is not proved by the further analysis. In table 6, although the 

coefficients of (lnHHI)
2
 are negative but not significant. Therefore, in the future, we should allow an 

appropriate increase in the market concentration. 

The variable lnTrans (L1) mainly observe the lagged effect of transformation on the Medical and 

Pharmaceutical Products Manufacturing. The research has found that in various models in which the 

time lag between the innovation and its industrialization is 2 years and 3 years, lnTrans (L1) all 

appears to be positive. And in various models in which the time lag is 2 years, lnTrans (L1) is 

significant. Therefore, this industry should pay attention to the potential of the transformation 

behaviors.  

5. Conclusion  

This study has used the panel data of the second-level industries of industry of Medical Equipments 

and Measuring Instrument, and established differential GMM models and system GMM models that 

the time lag is 2 years and 3 years respectively. This study analyzes the influences of market profits, 

foreign capital and market concentration on the industry of Medical Equipments and Measuring 

Instrument. The study has found that: At present, the fluctuations in market profit do not have a clear 

influence on the innovation transformation in the industry of Medical Equipments and Measuring 

Instrument. Therefore, the market profit is not an important force to promote the innovation 

transformation in this industry. In the research period, the foreign capital can greatly promote the 

innovation transformation. Therefore, in the future, we can further develop the strategy of opening-up 

to the foreign capital in order to improve the innovation transformation efficiency of the whole 

industry of Medical Equipments and Measuring Instrument. In analyzing the case that the patent takes 

2 years to develop the new products, market concentration has an U-typed influence on the innovation 

transformation. In the first stage, an increase in market concentration will not be conducive to the 

innovation transformation. But after some time, the further improvement in the market concentration 

will promote the efficiency of innovation transformation. Therefore, in the future, we should allow an 

appropriate increase in the market concentration. By doing so, some enterprises can gather resources 

needed by the innovation transformation. Finally, the research has found that the innovation 

transformation behaviors have the positive and accumulated effects. So we should pay more attention 
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to the continuity of the innovation transformation.  

Although this study is based on many facts, it is undeniable that subjectivity can be found in 

processing data, establishing variables and setting up models, which may lead to a gap between 

conclusion and facts. How to solve these problems is what this study strives for.  



 

 60 

References  

[1]. Schumpeter & Joseph. A(1943) Capitalism, socialism, and democracy. London: George. 

[2]. Scherer (1984) Innovation and Growth: Schumpeterian Perspectives. Cambridge: MIT press. 

[3]. Kamien M I & Schwartz N L(1978) Potential rivalry, monopoly profits and the pace of inventive 

activity. The Review of Economic Studies 45(3): 547-557. 

[4]. Davies, S., Lyons, B., Dixon, H, Geroski, P (1989) Economics of Industrial Organization: 

Surveys in Economics. New York: Longman. 

[5]. Geroski P A(1990) Innovation, technological opportunity, and market structure. Oxford economic 

papers 42(3): 586-602. 

[6]. Suk Bong Choi & Christopher Williams (2014) The impact of innovation intensity, scope, and 

spillovers on sales growth in Chinese firms. Asia Pacific Journal of Management 31(1): 25-46. 

[7]. Arrow K (1962) Economic welfare and the allocation of resources for invention//The rate and 

direction of inventive activity: economic and social factors. National Bureau of Economic Study, 

Princeton: Princeton University Press. 

[8]. Rosenberg, J. B (1976) Study and Market Share: A Reappraisal of the Schumpeter Hypothesis. 

Journal of Industrial Economics 25(2): 101-112. 

[9]. Lee T & Wilde L L (1980) Market structure and innovation: a reformulation. The Quarterly 

Journal of Economics 94(2): 429-436. 

[10]. Acs Z J & Audretsch D B(1988) Innovation in large and small firms: an empirical analysis. The 

American Economic Review 78(4):678-690. 

[11]. Jaffe, A. B (1988) Demand and Supply Influences in R&D Intensity and Productivity Growth. 

Review of Economics and Statistics 70(3): 431-437. 

[12]. Tirole J (1988) The Theory of Industrial Organization. Massachusetts: MIT press. 

[13]. Blundell, R. & Griffith, R. and Van Reenen,J(1995) Dynamic count data models of technological 

innovation. Economic Journal 105(429):333-344. 

[14]. Broadberry, S. & Crafts, N (2001) Competition and innovation in 1950s Britain. Business History 

43(1):97-118. 

[15]. Koeller C T (2005) Technological opportunity and the relationship between innovation output and 

market structure. Managerial and Decision Economics 26(3):209-222. 

[16]. Philips, A (1966) Patents, Potential Competition and Technical Progress. American Economic 

Review 56 (1/2): 301-310. 

[17]. Demsetz, H(1969) Information and efficiency: another viewpoint. Journal of Law and Economics 

12:1-22. 

[18]. Shrieves, R (1978) Market Structure and Innovation: A New Perspective. Journal of Industrial 

Economics 26 (4):329-347. 

[19]. Loury G C (1979) Market structure and innovation. The Quarterly Journal of Economics 93(3): 

395-410. 

[20]. Ben-Zion U & Fixler D J(1981) Market structure and product innovation. Southern Economic 

Journal 48(2):437-448. 

[21]. Jadlow J M (1981) New evidence on innovation and market structure. Managerial and Decision 

Economics 2(2):91-96. 

[22]. Braga H & Willmore L (1991) Technological imports and technological effort: an analysis of their 

determinants in Brazilian firms. The Journal of Industrial Economics 39(4): 421-432. 

[23]. Mansfield E(1968) Industrial study and technological innovation: an econometric analysis. New 

York: Norton. 

[24]. Kelly, T. M(1970) The Influences of Firm Size and Market Structure on the Study Efforts of 

Large Multiple-Product Firms, Ph. D. Dissertation, Oklahoma State University. 



 

 61 

[25]. Desai A V(1983) Technology and market structure under government regulation: a case study of 

Indian textile industry. Economic and Political Weekly 18(5): 150-160. 

[26]. Scott, J. T (1984) Firm Versus Industry Variability in R&D Intensity. Chicago: University of 

Chicago Press. 

[27]. Levin, R. C.  Cohen, W. M. and Mowery, D. C(1985) R&D Appropriability, Opportunity, and 

Market Structure: New Evidence on Some Schumpeterian Hypotheses. American Economic 

Review, Papers and Proceedings 75(2): 20-24. 

[28]. Braga H, Willmore L(1991) Technological Imports and Technological Effort: An Analysis of 

Their Determinants in Brazilian Firms. The Journal of Industrial Economics 39(4):421～432 

[29]. Globerman S(1979) Foreign Direct Investment and 'Spillover' Efficiency Befits in Canadian 

Manufacturing Industries. Canadian Journal of Economics 12(1): 42-56. 

[30]. Glass A J, Saggi K (2002) Multinational Firms and Technology Yfer. The Scandinavian Journal of 

Economics 104(4): 495-513. 

[31]. Haddad M, Harrison A (1993) Are There Positive Spillovers from Direct Foreign Investment?: 

Evidence from Panel Data for Morocco. Journal of Development Economics 42(1):51-74. 

[32]. Bozeman B (2000) Technology Yfer and Public Policy: A Review of Study and Theory. Study 

Policy 29(4): 627-655. 

[33]. Balcao Reis A (2001) On the Welfare Effects of Foreign Investment. Journal of International 

Economics 54(2): 411-427. 

[34]. Borensztein E, De Gregorio J, Lee J W (1998) How Does Foreign Direct Investment Affect 

Economic Growth?. Journal of International Economics 45(1):115～135 

[35]. Narula R, Marin A(2003) FDI Spillovers, Absorptive Capacities and Human Capital 

Development: Evidence from Argentina. Maastricht Economic Study Institute on Innovation and 

Technology. 

[36]. Aitken B J, Harrison A E(1999) Do Domestic Firms Benefit from Direct Foreign Investment? 

Evidence from Venezuela. The American Economic Review 89(3):605-618. 

[37]. Reddy P (1997) New Trends in Globalization of Corporate R&D and Implications for Innovation 

Capability in Host Countries: A Survey from India. World Development 25(11):1821-1837.  

[38]. Marcelo Resende, Eduardo Strube, Rodrigo Zeidan (2014) Complementarity of innovation 

policies in Brazilian industry: An econometric study. International Journal of Production 

Economics 158: 9-17. 

[39]. Arellano, M., Bond S (1991) Some Tests of Specification for Panel Data: Monte Carlo Evidence 

and an Application to Employment Equations. The Review of Economic Studies 58(2):277～297 

[40]. Blundell,R. & S.Bond(1998) Initial conditions and moment restrictions in dynamic panel data 

models. Journal of Econometrics 87(1): 115-143. 

 

 

 

 

 

 

 

 

 

 

 



 

 62 

THC2015_NO.014 

The Triple Helix International Conference 2015 

Theme: Academic-Industry-Government Triple Helix Model for Fast-  

Developing Countries. 

Innovation Policymaking in Government: Implications on University and 

Industry
1 

Chux U. Daniels 

SPRU – Science Policy Research Unit, The Freeman Centre, School of Business, Management and 

Economics, University of Sussex, Falmer, Brighton, BN1 9QE, UK, email: c.u.daniels@sussex.ac.uk, 

tel: +44 (0)795 046 5044. 

Abstract: This paper examines innovation policymaking in government and the implications on two 

innovation systems actors – university and industry, using the triple helix model. The analyses, 

supported by secondary evidence, reveal that the roles played by triple helix actors (i.e. government, 

university and industry) in innovation policymaking have predominantly remained the same; 

experiencing little or no significant change over the last few decades. Government is still seen as “the 

policymaker”, i.e. policy formulator in the narrow sense; while university and industry remain at the 

fringes with their roles in policymaking confined, largely, to policy implementation. The findings 

highlight the need for government to “broaden out” – open up policy processes and become more 

inclusive in policymaking-and take on the role of policy facilitation, rather than sole policy 

formulator. To achieve this, university and industry on their part, must become proactive, take on 

new and more roles, and strivetowards increased engagement and collaborative policymaking with 

government. 
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1. Introduction  

There is increasingly greater emphasis on the interaction among government, university, and industry, 

as key innovation systems actors in the knowledge economy. These interactions and the accompanying 

relationships, captured by the Triple Helix Model (THM), have emerged as an important area of 

debate, research and policy discourse (Etzkowitz and Leydesdorff, 1997, 2000; Ranga and Etzkowitz, 

2013). Nevertheless, while interests in this area continue to grow, substantial gaps remain in our 

knowledge and understanding of the roles – traditional, changing and new roles – that government, 

university, and industry, as Triple Helix and innovation system actors, play in innovation 

policymaking
1
and the resultant impacts on  innovation (including science and technology, S&T) 

policies. 

The Triple Helix, as a thesis, argues that in the knowledge society government, university, and 

industry, as Triple Helix actors, should, can and do perform the roles of each other in innovation 

systems – role reversals. To this end, universities for example, over and beyond their traditional roles 

of teaching, research and capacity building, can become entrepreneurial and developmental, thus 

performing roles traditionally reserved for industry (Etzkowitz and Dzisah, 2008; Ranga and 

Etzkowitz, 2013; Albuquerque et al., 2015). Nevertheless, less is known of these roles, especially with 

regards to universities and industry in, for example, the formulation of innovation policies and 

processes involved in innovation policymaking (Etzkowitz and Leydesdorff, 2000; World Bank, 2010, 

2013; UNCTAD, 2014; Arocena et al., 2015). 

There are therefore gaps in our knowledge of how university (academia) and industry should be 

involved in innovation policymaking. For example, what specific roles should academia and industry, 

in partnership with government, play in the policy processes and routines involved in innovation 

policy formulation or implementation? The current practise is that government formulates innovation 

policies and thereafter consults with academia and industry. Is this sufficient to produce robust 

innovation policies or is there need for deeper participation from academia and industry? In this paper 

I argue that there is need to examine existing gaps in literature and deepen our understanding on the 

roles that these actors play in innovation policymaking, the evolution, that is, changes in these roles 

over the years, and the impacts on innovation policies and socio-economic development. 

In this paper I focus on innovation policymaking. I argue that there is need for a deeper understanding 

of the roles that government, university, and industry play in the processes involved in innovation 

policymaking as this has a bearing on innovation policies. Improved knowledge in this area, I argue, 

will help strengthen innovation policies, thereby ensuring that innovation is relevant to citizens and 

contribute in greater measure to socio-economic development (Kraemer‐Mbula and Wamae, 2010; 

Daniels, 2014). In addition, the fresh insights will support efforts that seek to ensure that innovation 

adequately addresses development challenges such as exclusion, inequality, poverty and 

                             
1 ―Policymaking‖ is used in the broad sense to cover the totality of policy exercises which includes the various policy processes, 

routines and phases involved in policy formulation (or design), implementation, monitoring, evaluation, and review. 
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unemployment, both in developed and (fast) developing countries alike (Cozzens and Kaplinsky 2009; 

Lorentzen and Mohamed 2009; Arocena and Sutz, 2010; OECD, 2012; Vivarelli, 2012). 

In line with the Triple Helix thesis, this paper examines questions critical to innovation and 

development, such as: should universities and industry, like government, be involved in innovation 

policymaking and in the coordination and management of innovation policies? If yes, how, why and to 

what extent? What would the resultant interactions look like and what implications would they have 

on innovation policymaking and innovation policies? What new roles should Triple Helix actors play 

in the processes involved in innovation policymaking and why? I hope that the fresh insights presented 

in this paper will generate discussions, influence policy debates and contribute to progress in 

innovation policymaking and policies. 

To start with, I briefly discuss the National System of Innovation (NSI) framework (Freeman, 1987; 

Lundvall, 1992; Nelson, 1993; Edquist, 2001) below and show how it complements the Triple Helix 

(TH) framework in the context of this paper. 

2. Innovation Systems 

Ranga and Etzkowitz (2013, p.2) provide "an explicit analytical framework for conceptualizing Triple 

Helix interactions into an innovation system", showing how the NSI and TH both identify government, 

industry and academia as actors in innovation system which interact to foster innovation. While both 

NSI and TH demonstrate the important role of learning in the interactions between the actors, TH goes 

further in the context of this paper in that it helps explain the nature of the interactions and the 

dynamics among the NSI actors. For instance, which actor play the dominant role(s), at what stage in 

innovation policymaking and what impact does that have on the remaining two actors? Prior to Ranga 

and Etzkowitz (2013) various other scholars have successfully shown the links between NSI and the 

TH model (see for example: Etzkowitz and Leydesdorff, 2000; Etzkowitz and Dzisah, 2008; Kruss, 

2008). Interestingly, this trend has continued, post Ranga and Etzkowitz (2013), with examples such 

as include Albuquerque et al. (2015) and Arocena et al. (2015). I build on these theoretical 

foundations. 

Various scholars have highlighted examples of misunderstandings and crude interpretations of the 

NSI, in areas such as, generalising ―the relationship between university and industry‖ resulting in 

policymaking approaches. Others highlight reforms that neglect the fact that universities [and 

industry], other than being ‗immediate sources of innovation‘ also fulfil other important functions such 

as educating critical and skilled knowledge workers actively participating in innovation policymaking 

(Lundvall, 2005, p.6). In discussing the use and abuse of the NSI concept, Lundvall submits that the 

wide diffusion of NSI in policy circles is a mixed blessing noting that sometimes policymakers pay 

lip-service to the concept while neglecting it in their practise (p.5). 

In spite of these shortcomings, one positive impact of the NSI is that ―the ‗system‘ dimension of the 

term has moved the attention in policy circles in charge of research, innovation and industrial 
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development from linear to interactive thinking of innovation. Lundvall (2005, p.6) refers to this as a 

movement from ‗Science Policy‘ and ‗Technology Policy‘ to ‗Innovation policy‘‖, thus extending the 

―traditional set of policy instruments with more attention to building linkages and strengthening the 

absorptive capacity‖. This shift from linear thinking to interactive thinking is analogous to the shift 

from single actor/sphere (government) to interactive thinking (tri-lateral, multi-actors spheres) in TH 

framework (Etzkowitz and Leydesdorff, 2000; Ranga and Etzkowitz, 2013). The result is the focus on 

innovation policies, which ―has only recently emerged as an amalgam of science and technology 

policy and industrial policy‖ (OECD/Eurostat, 2005, p.6). The introduction of NSI framework in this 

paper therefore helps bring to fore the notion of non-linearity and interactive thinking, not sufficiently 

addressed in Triple Helix model, yet required in innovation policymaking, as I argue. 

The NSI has been criticised from different perspectives, for its focus on firms and institutions in the 

formal sector, ignoring non-firm-based innovation sources and innovation activities in the informal 

economy, which are important in (fast) developing countries. Its emphasis on formal Research and 

Development (R&D), innovation from advanced Science and Technology (S&T), less attention to 

inclusive (grassroots, social…) innovation, has also been cited as sources of weakness (Lundvall, 

2005; Mulgan et al., 2007; OECD, 2012; Paunov 2013; Daniels, forthcoming). In addition, the its 

focus on growth, as opposed to development, and its tendency to promote a general recipe to achieve 

economic growth, where interaction among government, university (research system), and industry, 

guarantees that a country will ―develop‖ or become ―developed‖, has also been a source of criticism 

(Schwachula et al., 2014, p.14). 

Another implication is that in developing, fast developing or low income countries where resource 

scarcities pose major challenges resulting in weak or inexistent research system, the possibility or 

achieving the innovation dynamics, as proposed by the NSI, is remote. The result of these criticisms is 

that some scholars advocate modifications to the NSI to incorporate these shortcomings and argue for 

new approaches of innovation policymaking and policies. However, in spite of these criticisms 

Lundvall (2005) argue that the most important positive impact of the NSI is that it ―has supported a 

general shift in what economists and policymakers see as constituting ‗international competitiveness‘‖ 

(p.6); maintaining that its core message of knowledge and learning as strategic factors for international 

competitiveness are still relevant. Consequently, the NSI has led to considerable progress in 

innovation policymaking and innovation policies by emphasising the importance of multiple actors as 

opposed to the liner models of innovation and policymaking that existed prior. 

3. University-Industry-Government in Innovation Policies and Policymaking 

3.1 The Triple Helix of University-Industry-Government interactions 

As a framework, Triple Helix Model (THM) offers a useful way of explaining the interactions among 

actors (i.e. government, university and industry); their roles - who is doing what - in innovation 

policymaking; and finally, the changes in roles that take place (or should take place), how and why 
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these occur and implication on the innovation system, innovation policymaking and innovation 

policies. These factors have a bearing on socio-economic development. 

The ideal Triple Helix III balanced model of university–industry–government thesis is based on a 

tripartite relationship of overlapping institutional spheres of triple helix actors. In this knowledge 

generating infrastructure and ensuing tri-lateral interactions, each actor takes the role of the other with 

possibilities of hybrid organizations emerging at the interfaces (Etzkowitz and Leydesdorff, 2000, p.3; 

Ranga and Etzkowitz, 2013, p.3). The dynamic interactions among these actors result in the 

reorganisation of the underlying arrangements leading to three triple helix configurations as shown in 

Figures 1, 2 and 3 (Etzkowitz and Leydesdorff, 2000, p.3). 

In Triple Helix I (Figure 1), an ―etatistic‖ model, the nation state1 (i.e. government) encompasses 

university (academia) and industry, directs the relations between the three actors thus limiting the 

innovation capacities of academia and industry. Examples of this can be found in Russia, China, and 

some African, Latin American and Eastern European countries. In Triple Helix 2 (Figure 2), a 

―laissez-faire‖ model, we find three separate institutional spheres consisting of strong borders dividing 

them and highly circumscribed relationships among the spheres. This model is characterised by 

industry as the driving force, academia providing skilled human capital and government acting as a 

regulator of social and economic mechanisms with limited intervention in innovation. USA and some 

Western European countries are examples. Finally, Triple Helix III (Figure 3), the ―balanced‖ model, 

presents a knowledge infrastructure of overlapping institutional spheres, with the possibility of each 

actor taking the role of the other in innovation policymaking and resulting in hybrid organizations and 

policy interfaces (Etzkowitz and Leydesdorff, 2000, p.3; Ranga and Etzkowitz, 2013)  

. 

Source: Etzkowitz and Leydesdorff (2000); Ranga and Etzkowitz (2013) 

As an analytical model, THM presents a picture of an unstable and yet desirable dynamic policy and 

innovation ecosystem in which the institutional arrangements enable the actors to switch roles and by 

so doing foster innovation. Etzkowitz and Leydesdorff (2000) maintain that: 

                             
1 I use "government" and "state"; and "university" and "academia" interchangeably in this paper to reflect 

previous conceptualisations in literature as captured in Figures 1, 2 and 3 below. 
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 ―In one form or another, most countries and regions are presently trying to attain some form of 

Triple Helix  III‖, with the common objective being the realization of an ―innovative environment 

consisting of university spin-off firms, tri-lateral initiatives for knowledge-based economic 

development, and strategic alliances among firms large and small, operating in different areas, and 

with different levels of technology, government laboratories, and academic research groups‖ (p. 4) 

We find less evidence and examples of this gravitation towards some form of Triple Helix III in the 

roles played by universities, industry and government, in innovation policymaking (Etzkowitz and 

Leydesdorff, 2000) and in policy support for innovation (Daniels, forthcoming; Daniels et al., 

forthcoming). In the discussions that follow I analyse the differences in the THM configurations and 

the implication in policymaking. I argue that currently national (S&T and) innovation policy 

processes and policymaking are based on THM1 (predominantly) and THM2 (Figures 1 and 2). 

Evidence to justify the use of THM3 (Figure 3), the ―ideal‖ condition, in policymaking is limited. 

The question therefore that needs to be addressed is: why is there still a prevalence of THM 1 and 2 

in innovation policy processes and policymaking? How do we deal with it, i.e. foster the gravitation 

towards THM3 in innovation policy processes and policymaking, in which the state, academia and 

industry are ―equal‖ partners in innovation policymaking? What impacts would this have on 

innovation policymaking and the resultant innovation policies? I argue that the answers to these 

questions lie in factors such as (a) the extant view of policymaking as a role exclusively reserved for 

the state, (b) innovation policymaking processes that are based on ―best practises‖ and policy transfer 

but devoid of policy learning, (c) deficiencies in policy capabilities, and (d) lack of innovation in 

(state-led) policymaking (Mulgan and Albury, 2003). 

3.2 Government, University and Industry - roles in policymaking 

The thesis of the triple helix model is that institutional sources outside of the economy, university in 

particular as a driver, can be sources and important components of innovation and development, as 

captured in the concept of entrepreneurial universities. It has been argued that interaction among 

university–industry–government, is the key to improving the conditions for innovation in knowledge- 

based societies (Etzkowitz and Dzisah, 2008, p.10). However the nature of these interactions and how 

they translate into concrete realities in innovation policymaking contexts require further empirical 

investigations and critical considerations. 

Governments role in fostering an "enabling environment" is achieved through the provision of policies, 

regulations, institutions, finance, Intellectual Property Rights (IPR) protections and so on (World 

Bank, 2010). In terms of universities, for example, Mowery and Sampat (2004, p.1-2) submit that 

―scholarship on the role of universities in the innovation process, as opposed to their role in basic 

research, has grown rapidly since 1970‖. The authors explain that rather than being seen as the usual 

―ivory towers‖ devoted only to knowledge generation, universities are increasingly being 

re-conceptualised as sources of industrial growth and development. This is in line with scholars who 

refer to ―development universities‖. 
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In addition to the role of universities in teaching, research and development (R&D), production, 

transfer, application and sharing of bidirectional knowledge between, for example, university-industry 

partnerships (Kruss, 2008; Albuquerque et al., 2015), we also know that concepts such as 

―entrepreneurial‖ universities and other evolutions in universities‘ roles are taking hold in various 

nations (Arocena et al., 2015). Although we find growing evidence of such changes in roles, there are 

still gaps in our knowledge of universities‘ roles and interactions with government and industry in 

innovation policymaking e.g. in policy formulation processes. Why are universities still less involved 

in innovation policymaking, beyond their traditional roles of capacity building, research, knowledge 

production and dissemination? I submit that greater participation from university will not only 

strengthen innovation policymaking but also result in improvement in the effectiveness and robustness 

of innovation policies for development. 

Consequently, although the Triple Helix thesis argues for a more prominent role for university in 

innovation systems, evidence indicate that universities and industry are still less involved in the 

operationalisation - initiation, development, coordination and management - of innovation 

policymaking processes (Etzkowitz and Leydesdorff, 2000; Henriquesa and Larédo,  2013). 

Henriquesa and Larédo (2013, p.1), using examples from OECD policy analysis, reveal that 

government is the dominant player in ―seven key functions: horizontal coordination and advice, 

planning and budgeting, priority-setting, resources allocation and administration‖ of national science 

policymaking. This paper contributes to filling these gaps in our knowledge of why university and 

industry, as innovation actors, as less involved in innovation policymaking. 

The debate on what counts as innovation is on-going, resulting in various interpretations of the 

concept between e.g. developed and developing countries, formal and informal sector, firms and non- 

firm, public, private and government institutions. In terms of government, the United Kingdom‘s 

Department for Innovation, Universities and Skills (DIUS) defines innovation in its White Paper, 

Innovation Nation, as ―the successful exploitation of new ideas, which can mean new to a company, 

organisation, industry or sector‖ and states, ―it applies to products, services, business processes and 

models, marketing and enabling technologies‖ (NAO, 2009, p. 8). 

In this context therefore, innovation can mean ideas that are totally new or adopted from another 

organisation, sector or country as well as ideas which aims to change the administration or delivery of 

services for the better. In these definitions we find the tendency towards emphasis the bold labels of 

products or process; radical [new services and fundamental changes to the ways in which services are 

developed] or incremental [relatively minor changes to existing services or processes that contribute to 

continuous improvement] innovation. I focus on innovation n e.g. policymaking (Mulgan and Albury, 

2003, DIUS, 2008; NAO, 2009, p. 8). 

Following the definition above, what is less obvious in the way innovation is conceptualised in 

government, with relevance to innovation policymaking, is the role actors, and importance of 

knowledge and interactive learning (OECD/Eurostat, 2005; Lundvall, 2005). Weaknesses in this area 
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mean that innovation policymaking exercises are still carried out by government agencies independent 

of academia and industry. One implication of which is the persistence of the etatistic and „„laissez- 

faire‟‟ models of university–industry–government relations in innovation policymaking. In these 

scenarios, we find separate institutional spheres consisting of strong borders dividing them and 

indicating highly circumscribed innovation activities among the spheres which act as impediments to 

interactive learning and knowledge circulation necessary for innovation; resulting in  weak 

relationships that underpin policymaking. 

In university and industry, innovation in general terms follow the Oslo Manual (OECD/Eurostat, 

2005) definition based on manufacturing - ―innovation at the level of the firm‖ and ―‗technologically‘ 

new or improved products and processes‖. It is important to highlight that the meaning of the label 

―technological‖, may be unclear (OECD/Eurostat, 2005, p.8). Nevertheless the emphasis on the 

centrality of firms, formal knowledge, R&D, S&T and institutions mean that these actors are 

prioritized in innovation policymaking. This results in innovation policies that are suboptimal and less 

effective in fostering inclusive development in that they do not sufficiently target innovation from 

non-firm, informal economy, knowledge sources and institutions. These nuances in definitions of 

innovation are important in that they influence, e.g. the focus of innovation policymaking processes, 

approaches utilised, and actors involved; thus impacting on innovation policies that result from such 

policymaking exercises. 

3.3 Innovation Policymaking in a ―balanced‖ Triple Helix model 

In line with the NSI framework, we find that multiple actors are involved in innovation systems, 

innovation policymaking and innovation policy. THM focus on three of these actors – university, 

industry and government. Like Freeman, Lundvall also believe ―that an active role for government 

policy is legitimate and necessary for catching-up (and in the context of this paper, ―fast developing‖) 

economies (Lundvall, 2005, p.4). While NSI is based on the dominant role of firms in innovation, 

THM point to the dominance of the state (THM1), while advocating the move towards THM3, the 

optimum condition for innovation. Since the majority of innovation policymaking is carried out by 

government agencies, THM1 is therefore in line with empirical evidence which show that innovation 

policymaking is still dominated by state. 

Nevertheless, we know that ―a triple helix coordinated entirely by the state only provides a limited 

source of ideas and initiatives. Under these circumstances government may take initiatives without 

consulting other actors. In fact, it may even subsume the other institutional spheres and direct their 

activities. Though large projects may be accomplished, it is not the most productive form of triple 

helix relationships, since ideas are coming from only one source, the central government. Conversely, 

if the state is absent from the innovation picture, coordination, regulation and funding necessary to 

encourage improvements may be insufficient‖ (Etzkowitz and Dzisah, 2008, p.10). A balance is 

therefore essential to ensure an ―equal‖ partnership that produces the optimum conditions for 

innovation activities and innovation policymaking. 
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On the part of government, the level of its interaction with university and industry in policymaking is 

essential to achieving THM3, seen as the optimum condition for innovation. The is because 

university for instance play significant roles in policy research and the development of innovation 

policy capabilities essential for policymaking and improved understanding of innovation processes. 

In spite of these contributions from university, the state remains the dominant actor, thus limiting 

innovation in policymaking. Several hurdles therefore need to be overcome in policymaking, making 

it imperative that change occurs in this regards. 

Some implications of the state-led approach include: reduced involvement by other actors, fewer 

opportunities for non-THM actors, and weaker innovation policies that are not readily implementable 

due to lack of ―ownership‖ by university and industry. Areas that university and industry can 

contribute to innovation policymaking, include for example, formulation (design) - which can benefit 

from university inputs in research and industry inputs in funding; setting of policy agenda, and policy 

priorities; constructing of policy alternatives, consultation and so on. 

Furthermore, we know that government-led innovation policymaking are top-down and typically 

takes the form of a ‗one-size-fits-all‘ policy, treating policy processes and solutions as if they are the 

same. This presents one more reason why one-sided state or industry-dominant system-centre and 

top-down approaches (THMI and 2) are inappropriate for modern policymaking. Multi-actor 

perspectives in innovation policymaking is therefore imperative in order to address in complexities in 

policymaking and account for the needs of a wide range of stakeholders (Clark, 2004; Sabatier, 

2007). 

Drawing from earlier discussions I present a framework for innovation policymaking, based on a 

balanced triple helix model. To enhance clarity, I briefly explain innovation policymaking based on 

the triple helix configurations described in Section 3.1. In illustrating the suggested framework I use 

Agenda Setting and the development of Draft Innovation Policy document, both of which may be 

carried out in the Policy Formulation phase, of a policymaking exercise. 

1. Innovation Policymaking based on Triple Helix Model 1 (Figure 1): innovation policymaking 

under  this  model  is  led  by  the  government  (state)  through  the  relevant  

agencies.  The government sets the innovation policy priorities, policy agenda and based on these, 

produces the draft innovation policy document. With the draft policy document it consults
1 with 

academia and industry, incorporates feedback from consultation, makes revisions to the draft policy, 

and develops a final draft. The government directs affairs. 

2. Innovation Policymaking based on Triple Helix Model 2 (Figure 2): under this model industry 

drives innovation policymaking, sets the policy priorities, policy agenda, produces the draft 

innovation policy document, consults with government and academia and formulates the innovation 

policy. It is similar to policymaking in Model 1 in that an actor, industry rather than the state, plays 

the dominant role and directs others. 

                             
1 Consultation extends beyond academic and industry but for the sake of this paper, I limit it to these under investigation. 
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3. Innovation Policymaking based on Triple Helix Model 3 (Figure 3): innovation policymaking 

under this model, presents an opportunity for a balanced innovation policymaking partnership among 

the  three  actors/spheres. Although directed
1  by  academia,  the  government, which 

traditionally maintains good relationships with academia and industry, facilitates the policy processes 

involved, mediates in cases of dispute resolutions and coordinates the policymaking affairs. Policy 

tasks are shared among the spheres enabling each actor to perform those tasks it is most capable of. A 

hybrid organisation or committee (represented in the Tri-lateral network space shown in Figure 3) 

comprised of individuals from the three spheres is set up to manage the entire policymaking exercise 

thus encouraging openness, bottom-up approaches, wider participation, inclusiveness and some form 

of equality. 

I point out at this juncture that I am well aware of some of the difficulties that policymakers might 

face in operationalising THM3 in practise and so do not take the challenges for granted. Nevertheless 

I strongly believe that the potential gains far outweigh the challenges thereby providing a strong case 

for further empirical work in this area. A detailed discussion on the pros and cons of the use of each 

model, supported by empirical evidence, is outside the scope of this conceptual paper. I focus on 

these challenges in subsequent publications (as indicated in the table below with strengths, 

weaknesses, opportunities and threats [SWOT analysis] rows). 

The table below summarises the fresh insights captured in the framework proposed. 

                             
1 Can also mean initiated or managed; while the government in facilitating provides leadership without ―controlling‖ and 

limiting the affairs of university and industry – sort of providing the enabling environment. 
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Framework for innovation policymaking in a ―balanced‖ Triple Helix model 

 Current Policymaking Practice Recommended Policymaking Practice 
Unbalanced Balanced 

Policymaking 

(using exampl

es from policy

 formulation p

rocesses and  

routines) 

Characteristics Triple Helix model 1 (Figure 1) Triple Helix model 2 (Figure 2) Triple Helix model 3 (Figure 3) 
Sphere configuration “etatistic” “laissez-faire” “balanced” 

Driver (initiator of 

policymaking) 

State Industry Academia (in collaboration with State and 

Industry) – equal spheres 

Leadership State – individual actor Industry – individual actor Jointly-led, collaborative, synergistic, more 

equal 
Policy Environment Dominant single sphere/actor Partnership – equal multi-sphere 
Engagement Academia and Industry less involved Academia and State less involved All actors involved 

Consultation State-led Industry-led Shared, collaborative, jointly-led 
Interactions Leader (State) versus followers 

(Academia and Industry) 

Leader (Industry) versus followers 

(Academia and State) 

Each actor leads/follows depending on policy 

task/stage in e.g. a policy formulation exercise 

Knowledge Production, dissemination Production, circulation 
Approach Top-down Bottom-up potentials higher 
Responsibilities Individualistic, each sphere considers itself a ―closed unit‖ Shared 

Impact on capabilities Skills, knowledge, experience contained within spheres, circulation more 

difficult 

More permeable, skills circulation easier 
Setting of policy 

agenda, priorities 

State sets the innovation policy 

priorities, policy agenda, etc. 

Industry sets the innovation policy 

priorities, policy agenda, etc. 

Academia, state and industry jointly set the 

innovation policy priorities, policy agenda, etc. 

Development of draft 

innovation policy 

document 

 State produces the draft policy doc, 

 use draft for consultations with 

academia and industry, 

 incorporates feedback from 

consultation, 

 makes revisions to the draft policy, 

develops final draft, and 

 completes policy formulation 

 Industry produces the draft policy 

doc, 

 use draft for consultations with 

academia and state, 

 incorporates feedback from 

consultation, 

 makes revisions to the draft policy, 

develops final draft, and 

 completes policy formulation 

 Academia, state and industry each produce a 

draft innovation policy document, 

 the three drafts are used to produce the draft 

with unified vision of policy direction, 

 the draft is used for wider stakeholder 

consultation with other NSI actors, 

 the joint ―management committee‖ 

incorporates feedback from consultation into the 

draft, makes revisions and develops final draft, 

and 

 completes policy formulation 

Innovation Suboptimal Optimal 
Strengths - - - 
Weaknesses - - - 
Opportunities - - - 
Threats - - - 
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Examples Russia, China, some African, Latin 

American, Eastern European countries 

USA and some Western European 

countries 

Still evolving? 



7
4 
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Source: Author 

To sum up, universities respond to the multiple challenges posed by government and industry thereby 

contributes to meeting industry and government‘s needs. This helps in fostering national innovation 

capabilities, addressing inequality and supporting socio-economic development (Kruss, 2008, p.15). 

Currently, in some contexts, university and industry approach is to ―respond‖ to new government 

policy imperatives, rather than either proactively initiate or engage in policy processes and practises 

involved in policymaking (Etzkowitz and Leydesdorff, 2000; Kruss, 2008). These responses – based 

on individual understanding, ―institutional conditions, capacities and constraints‖ – manifests 

themselves in policymaking as passive mechanisms which are neither strategic nor robust in that they 

occur after policymaking exercises have been either initiated or completed by government. 

Consequently it is important to further explore university and/or industry (i.e. institution-led) 

policymaking, operationalised in a way that promotes bottom-up approaches and multi-stakeholder 

pathways, as obtained in modern policy environments which are inherently complex in nature 

(Sabatier, 2007). 

As discussed in Section 2 above, prior to the development of the NSI framework, innovation policies 

and policymaking were, for a long time, based on the linear model of innovation (Lundvall, 2005; 

Edler and Georghiou, 2007). In spite of the criticisms, the NSI as a framework underlies many science, 

technology and innovation (STI) policies (Edquist, 2001; Lundvall, 2005). It is used in the 

conceptualisation of innovation, formulation of innovation policies and policy instruments and in STI 

policymaking at national and institutional levels including by international development agencies such 

as OECD, UNESCO and World Bank. 

The non-linear, interactive and unsynchronized sources of innovation typified by the triple helix 

framework require careful harmonization. This calls for management of the innovation ecosystems and 

institutional arrangements that are ―often encouraged, but not controlled, by government‖ (Etzkowitz 

and Leydesdorff, 2000, p.4). Therefore in innovation policies and policymaking for economic growth 

and development it is important to target the interactions, learning and strengthening of linkages 

among policy actors. These are essential for policy learning and innovation in the policymaking 

proces
1
. 

Empirical analysis carried out on innovation policies following the NSI found that policies tend to 

emphasise and support the interaction of all actors in the innovation system. Related to innovation 

system thinking, ‗triple helix‘ policy models affirm that the state (government), academia (university), 

and industry (firms), which are seen as the engines of growth of an economy, are in mutual 

interaction (Etzkowitz and Leydesdorff 2000). 

3.4 Towards a paradigm shift in policymaking 

The production, circulation and utilisation of knowledge lie at the heart of innovation, innovation 

policies, innovation instruments and innovation policymaking. We know that university and research 

                             
1 or policy innovation refers to new policy directions and initiatives in policymaking (Mulgan and Albury, 2003) 
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centres play major role in knowledge production and circulation, utilised in policymaking. Therefore 

it is vital to consider and take these roles into account in innovation policymaking. In the preceding 

section I addressed the roles played by university. I also pointed out that industry on the other, in 

addition to stimulating S&T in universities and private companies, through finance/ funding, plays a 

key role in knowledge generation through R&D. The challenge therefore is how to  effectively 

integrate and utilise the knowledge produced through R&D, for example, in innovation policymaking 

thereby resulting on improvements in innovation policies. 

Although governments formulate policies on innovation, many of them currently have no means for 

measuring the impact of their policies or other central government initiatives on innovation (NAO, 

2009). This demonstrates that governments‘ innovative capabilities and competences in policymaking 

are limited in some areas, thus providing justifications for active inputs from university and industry. 

Nevertheless as I have discussed in this paper, university (and research institutions) and industry still 

operate at the fringes of innovation policymaking, with the implication that government-led 

innovation policymaking dominates while university and industry are either excluded or perceived to 

be ―outsiders‖. Below I provide some suggestions1 that contribute to addressing the observed lack of 

active participation by university and industry, thereby stifling opportunities for innovation in 

modern policymaking. 

Why changes and improvements in roles are necessary innovation policymaking 

1. In order for progress to be made in this regard, the perception that [innovation] policymaking is 

―our job‖ in government circles; whereas in university and industry policymaking is seen as ―their 

[government] job‖ must change. A paradigm shift towards collective ownership and collaborative 

innovation policymaking is imperative. Innovation that welcomes change and a move towards opening 

up the processes involved in policymaking in government is required – innovation in the 

policymaking process (Mulgan and Albury, 2003, p.4; NAO, 2009, p. 8; Hallsworth et al., 2011). 

2. Lack of proactiveness from industry and academia, and resort to reactiveness, a passive attitude 

that requires government to ―invite‖ industry and academia policymaking into policy spaces, before 

action is taken on the part of industry and academia  must be challenged 

discouraged. University and industry must become better at identifying policy opportunities and take 

advantage of them. 

3. Poor conceptualisation of innovation policy capabilities, policymaking and policies. 

4. In government, most current innovation is generated and driven by senior management. The 

culture of experimentation, learning and soliciting ideas from frontline staff at the intersection of 

university, industry and users, must be fully exploited. Greater incentives to innovate need to be 

introduced, encouraged and supported (NAO, 2009, p. 8-9). 

5. In governments establishments, innovative projects, ideas and practices face structural and 

cultural barriers. Examples include lack of support mechanisms from managers, and awareness of 

                             
1 Based on the data captured as part of policy formulation research in developing country context, expert knowledge, 

preceding discussions, and in-depth review of literature, particularly NAO (2009) and (Hallsworth et al., 2011). 
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procedures or what works; lack of frameworks and opportunities to pilot and test new policy processes 

and practices; embedded negative routines and ―lock-in‖ effects that have now become impediments 

to innovation. These need to be overcome. 

6. Government must also solicit inputs and encourage innovation in policymaking from university 

and industry - through early engagement in research, experimentation, exchange of ideas, 

consultations, monitoring and evaluation - in order to find out what works and consequently design 

collaborative solutions to policymaking challenges. Such context-specific internally generated 

solutions have been shown to be more effective when compared to ―best practises‖ approaches that are 

externally generated. 

7. Effective circulation of innovation policymaking knowledge and information, impacts, and 

critical success factors must be encouraged across the three policy actors/spheres. 

8. Empirical evidence reveal that more than half of central government organisations, surveyed in 

the United Kingdom, for example, had some form of internal innovation unit (NAO, 2009). However 

our knowledge of how these government units interact with academia and industry in policymaking 

processes, knowledge production and circulation/flow, in identifying areas of policymaking needs 

(expertise, R&D, funding, capabilities, etc.) is limited. This paper contributes to filling this gap and 

calls for further research in this area. 

4. Conclusions 

Universities and industry have the potential to promote networks, partnerships and the creation of 

hybrid policy institutions. Equally important is that the (new) capacities of universities (to generate, 

circulate and use knowledge) and industry (in product/service provision, financing, and provision of 

knowledge through R&D or increase knowledge transfer and application) in innovation policymaking 

is exploited for inclusive development. The question therefore is why are these actors not sufficiently 

and actively involved in innovation policymaking? I advocate a change and further investigation as to 

why. 

In this paper I have argued that the important roles university and industry can play through active 

participation in policy processes is currently underexploited in government, university and industry 

policy circles, with the implication that policymaking is left exclusively to government. This I argue 

has resulted in STI policies that are less robust, weaker and with less chances of being implemented 

to their full potentials. While we expect government as, traditionally speaking, the leading actor in 

policymaking to ―invite‖ university and industry into policymaking exercises; it also behoves 

university and industry to take a proactive position in identifying policy opportunities and policy 

spaces. 

I have emphasised the importance of collaborative policymaking - involving government, university 

and industry, in tri-lateral networks supported by hybrid organisations, as exemplified in Triple Helix 

3 (Figure 3) - and the need to recognise diversity in policy processes and policymaking. For this to 

happen, it is imperative that government agencies and officials involved in policymaking realises the 
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need for changes in role. University and industry, as key innovation actors in line with Triple Helix 

and NSI frameworks, on the other hand must take on the challenge of becoming [pro]active 

participants in policymaking exercises - in cases where necessary, initiate and lead policy processes, 

without undue dependence on government as initiators of policymaking projects and thereafter to be 

invited. 

In the analyses, I have shown that the core element of the innovation system – interactive learning 

(Lundvall, 2005) – among THA policy actors, is weak in THM 1 and 2. On this backdrop, current 

government policymaking must ―open up‖ and be seen to be encouraging ―university-led‖ and 

―industry-led‖ policymaking initiatives. The involvement of intermediary organisations (for example, 

professional associations, chambers of commerce, community organizations, and various new forms 

of governance networks) also needs to be encouraged in order to enhance public policy 

(Dossou-Yovo and Tremblay, 2012, p.2). 

This paper therefore proposes a rethinking of (science, technology and) innovation policymaking in 

government from a ―government-led‖ single approach to a ―government-university-industry-led‖ 

trilateral (and multi sphere) approach. The triple helix interactive learning and policymaking 

environment resulting from such trilateral approach would enhance the possibilities for policymaking 

individuals and resources – capabilities, knowledge, ideas and policy drafts and so on – to circulate 

from one sphere to another. This will enhance cross fertilisation, transformations, role reversals, and 

improvements in innovation policymaking. 

To accomplish this will require strategic action plans, reconfiguration of institutional arrangements, 

change of (or the acquiring of new) policymaking roles by the three actors – for example, university 

becoming more entrepreneurial (and industrial), developmental and policy-oriented. The aim is to 

achieve a more equal relationship among government, university and industry, in terms policymaking, 

in which undue control and direction from government does not stifle opportunities for innovation in 

policymaking resulting in weak innovation policies. 

Currently, there are several global hurdles that innovation policies can help overcome in (fast) 

developing countries. These include growing social gap, exclusion, inequality, and persistent poverty. 

In BRICS for example, although the percentage of the population below the poverty line has shown 

considerable decrease over the last three decades, inequality, income distribution, and poverty are 

still major issues (Cassiolato and Soares, 2013; UNDP, 2014). 

Government, university and industry have an important role to play in innovation policies and 

innovation policymaking that both supports and promotes social, economic growth and development. 

Therefore in order for government to truly support innovation policies through effective innovation 

policymaking changes in roles are necessary. Government has to focus on aspects such as 

coordination, facilitation, mediation and leadership of the wide range of actors involved in innovation 

policymaking exercises. 

I have maintain that ―the state has a crucial role in sponsoring innovation, directly and indirectly, 
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thereby leading a process that is often well-supported by the private sector‖ and universities (Scerri 

and Lastres, 2013 p. 15). I also noted that in addition to these roles, government institutions perform 

other vital roles that include providing leadership, incentives and cooperation in the area of science, 

technology and innovation. However, in order to effectively link innovation policies to domestic 

needs and development goals, government, university and industry must work together as equal 

partners in innovation policymaking. 
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1. Introduction 

―Fast developing countries‖ increasingly face the problem of growing economic inequality and lack of 

access to innovation for a large segment their population which is outside the formal economy and 

formal innovation system (Cozzens, 2010; Prahalad, 2012). In BRICS (Brazil, Russia India, China and 

South Africa) the size of informal economy is estimated to account for 32 to 83% of non-agricultural 

employment (ILO Department of Statistics, 2012), thus putting additional priorities on BRICS 

innovation and development agenda. Inclusive Innovation for Development (IID) perhaps offers one 

avenue to address these growing economic inequalities and lack of access for the large segment of 

marginalised population in the informal economy. We know that the concept of inclusion and policy 

support are critical to development (Kraemer‐Mbula and Wamae, 2010; Marcelle, 2014; UNCTAD, 

2014; Daniels, forthcoming). 

IID operates on two principles: providing access to the result of economic and innovation development 

for marginalised people and their involvement in innovative activities. In some countries, India for 

instance, informal sector reveals extensive innovative activities resulting in effective solutions to local 

problems of rural people and communities, unmet by formal innovations as defined by the National 

Systems of Innovation (NSI) framework (Freeman 1987; Lundvall 1992; Nelson 1993). Empirical 

evidence suggest that informal sector has the potential to generate various types of innovations 

(Anderson and Markides 2007; NIF 2013; Brem and Wolfram 2014) such as radical, disruptive, 

frugal, social, and grassroots; some of which have been regarded as inclusive innovation by scholars in 

science technology and innovation (STI) domain. Inclusive innovations help integrate excluded and 

marginalised people into economic and innovation system of a country. It generates specific 

innovation environment, challenges, and prospects for main actors of national innovation systems: 

academia, industry and government. 

The transformations in global economic trends in recent times mean that a large proportion of current 

economic activities and growth resides in BRICS (Cassiolato and Soares, 2013). This situation is 

projected to continue in the years and maybe decades to come. These shifts in global economic 

centres have impacts on innovation systems and the new emerging patterns of development. In 

addition, the shifts in economic constitutions and centres of gravity have significant bearings on roles 

that IID can play in alleviating societal challenges such as poverty, exclusion and inequality. 

BRICS have been identified to share some common characteristics in areas that include innovation, 

development challenges and opportunities, and similarities in economic indicators. However, our 

focus in the analysis and discussions that follow is to identify and emphasis the specifities in each of 

the five BRICS countries rather than attempt to outline generalizable recommendations across board. 

We locate the discussions within the NSI framework as the guiding conceptual and analytic 

framework. 

In this paper we discuss Triple Helix (TH) framework in the context of Inclusive Innovation for 

Development (IID) and links to public policy for IID in BRICS. As a first objective, we examine the 
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roles played by Triple Helix actors (University, Industry and Government) in IID activities across the 

innovation ecosystems of these countries. We also investigate changes in role and functionality of the 

main TH actors, arising from specifics of inclusive innovations; what shifts occur in innovation system 

by blending formal and informal sectors and actors. 

The second objective seeks to deepen our understanding of IID-relevant public policies and policy 

support for IID in BRICS countries and the influence of TH actors in operationalising these policies. 

In this sense, the paper explores science, technology and innovation (STI) policies of BRICS, which 

are fast-growing countries, and the roles these policies play in ensuring inclusive innovation and 

development. Secondary data, expert interviews and selected country case studies will be used to 

illustrate successful and failed practices in the field of inclusive innovations for development 

providing a basis for analysis, aggregation of existing gaps and potentials for interventions in public 

policy. 

The rest of the paper is organised as follows. In Section 2 we review relevant literature while Section 3 

briefly clarifies the methodology. Section 4 presents the findings. In Section 5 we discuss the findings 

and Section 6 concludes. 

2. Review of Relevant Literature 

The triple helix of university–industry–government relations argues for a shift from bilateral 

interactions of double helixes to trilateral interactions of triple helixes consisting of  university, 

industry and government relationship in innovation ecosystems. This makeup, according to the triple 

helix framework, fosters innovation, the creation of hybrid enterprises and joint innovative projects in 

the modern knowledge economy (Etzkowitz and Dzisah, 2008, p.10; Etzkowitz and Leydesdorff, 

2000). 

Scerri and Lastres (2013) show that there are economic, innovation, policy and development 

complementarities, similarities and sufficient differences among BRICS countries thus justifying the 

study and analysis of these countries as a group of nations. Scerri and Lastres (2013), in analyses of 

BRICS countries National System of Innovation (NSI), provides useful insights on the role played by 

triple helix actors. Their work help in deepening our understanding of the interrelations within BRICS 

NSIs, the institutions involved in financing, investments and the roles that small and medium 

enterprises play in BRICS innovation ecosystems. 

The authors stress the need for further extensive studies on BRICS economies and innovation. In 

addition they acknowledge that major challenges still remain in these countries in the area of 

inequality, exclusion and policy support for innovation. Although their work does not directly address 

IID, we posit that innovation, as a tool for inclusive development, can be an important mechanism in 

addressing some of the gaps identified in Scerri and Lastres (2013) - inequality, exclusion, poverty 

and weak innovation policies – all of which impact on development. 

In the sections that follow we review some of the relevant literature useful in analysing Triple Helix 

framework, the contributions by university, industry and government (i.e. triple helix actors, THA), 
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Innovation for Inclusive Development (IID) and public policy, focusing on perspectives from BRICS 

countries. We start with the review of literature on Brazil. 

2.1 Brazil 

Starting with Brazil we note that while public policies have played a positive role in promoting 

innovation, substantial differences in income distribution and inequality remain. This strengthens the 

argument for a new approach to addressing social inclusion, combating marginalization and promoting 

innovation for inclusive development that address the needs of the society (Cassiolato and Soares, 

2013). Furthermore, it highlights the role of inclusive innovation policies. 

Cassiolato and Lastres (2008, p.7), showed that development is neither linear nor sequential, but 

rather is a unique process that ―depends on several aspects related to political, economic, historic and 

cultural specificities that occur from long-run structural changes that generate ruptures with 

historically established patterns‖. In this sense we see the importance of context-specificity, learning, 

innovation, instability (ruptures and reassembling) and dynamism as exemplified by the triple helix 

framework, thus linking back to the active engagement and roles played by triple helix actors. 

In a similar vein, Koeller and Gordon (2013) advocates an NSI that adequately addresses the very 

important connection between innovation policy and development policy, arguing that development 

policies underpin other policies including innovation policies. The authors, in line with the 

characterisation of development advanced by Cassiolato and Lastres (2008) stress that there is need 

for definition of NSI in ways that suit the contexts and perspectives of Brazil and attention to 

structural implications that have bearings on innovation and development. In addition they explain 

that policies have impacts on the roles that institutions play in development and innovation processes. 

Here again we find the need for active interactions and collaborations between THA, as NSI 

stakeholders, in bringing about development and fostering policies necessary for supporting IID in 

fast developing countries. 

Furthermore the authors observe that in Brazil, as in some other Latin American countries, structural 

barriers and ill-conceived intrinsic logic have in the past enabled the perpetuation of 

underdevelopment. In noting the lack of heterogeneity in the social and economic structures, Koeller 

and Gordon (2013) submit that these gaps need to be considered during policy formulation and 

addressed by appropriate development and targeted innovation policies. Here we see a clear case for 

triple helix actors working together in order to foster innovation, enhance policy and achieve 

development goals. A key role for government, the authors submit, is the formulation of specific 

policies targeted at development. In this paper however we posit that for such development and 

innovation policies to be effective, it is important that they not only focus on mission-oriented 

innovation projects and activities but also strive to address grassroots innovation
1
, recognised as IID 

in this paper. This balance is essential for development. 

Building on the notion of innovation as the engine of economic growth Koeller and Gordon (2013), in 

                             
1 Define this based on Daniels (forthcoming) framework which differentiates between Innovation from / for / at / by 

Grassroots. 
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analysing Brazil, recommends that innovation policies should be thought of as development policies. 

This prescription however carries with it some caveats that include; growth will not automatically 

imply development. In order to reach development, the innovation policy must be integrated to the 

development policy, which should be specific to the context of underdevelopment and, therefore, 

distinct from the prescriptions provided by developed countries. We argue that in order to address 

these underdevelopment challenges, THA have important roles to play through the development, 

scaling up (where applicable) and use of inclusive innovation projects, activities, products, services, 

strategies and policies. 

2.2 Russia 

The concept of inclusive innovation emerged in developing countries, as a result of poverty, the lack 

of access to their basic needs (food, clean water, housing) and deprived benefits of scientific and 

technological progress (Mohnen and Stare, 2013). However, inclusive development is made relevant 

in developed countries, where it is considered as process of socio-economic integration (Foster and 

Heeks, 2013), aimed at providing access to basic goods and services and meeting the needs of 

marginalised groups of society, mainly at the bottom of the pyramid (World Bank, 2013). 

The analysis of Russian scientific literature reveal obvious delineation of the study of socio-economic 

development of Russia and issues related to innovation development (Sokolov, 2006; Gokhberg at. al, 

2009). For the first time the question of inclusion in innovation policy has been raised in expert 

discussions of Russian Development Strategy in 2011. On behalf of the Russian government more 

than 1,000 experts led by two state universities (Higher School of Economics and the Russian 

Academy of National Economy and Public Administration) were organised into 21 expert groups. 

Each group met regularly to discuss and develop "The concept of long-term socio-economic 

development of the Russian Federation until 2020". More than 100 international experts, including 

Anne Krueger (former first vice president of the IMF), the famous Polish economist Marek 

Dabrowski, Richard Baldwin (Graduate Institute in Geneva), Gerard Roland (UC Berkeley), 

participated in this project. The majority of the meetings took place in open mode; a group that 

commands significant respect in the press (Media review, 2011). 

The strategy discussions, examined issues of inclusion, the importance of research into the inclusion 

of Russia‘s wider population in the innovation process. For the Russian society inclusion in the 

innovative development was regarded as a way of avoiding the social disparities on the one hand and 

public involvement in innovation activity on the other hand. People need to feel that they live in the 

same society and do not perceive themselves detached from processes of innovation development 

(Foresight, 2011). 

The final results of the discussions were summarised and included in Russia‘s innovation 

development scenarios. For the first time, the social function of innovation, including the integration 

of vulnerable groups in the innovation process, were included in a strategy developed by experts and 

proposed to the government for implementation (Strategy 2020, 2011). In support of the proposed 
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strategy scholars published a number of papers devoted to the need and importance of integrating 

social needs into national innovation policy (Gokhberg, 2011a; Gokhberg, 2011b). Thus innovation 

for inclusive development entered policymakers‘ agenda. However, during the development of 

Strategy 2020, experts noted that the implementation of this strategy may be limited by political 

opportunities in Russia (Dmitriev, 2011). 

Various Russian scholars, mainly economists, devoted to the consideration of the Russian innovation 

system within the concept of the Triple Helix, reflect a general tendency to underestimate the society 

(and its needs) as one of the main actors of innovation processes (Makhovikova and Efimova, 2010; 

Smorodinskaya, 2012). Triple Helix in Russian context is interpreted as the networking of academia, 

business and government, with a predominance of pair communications where government is always 

one party of each communication (Smorodinskaya, 2011; Dezhina, 2014; Zaini et al., 2015). In this 

context, business and academia build their relationship indirectly, through government agencies and 

officials. Issues of government innovation policymakers‘ accountability to society and innovation 

benefactors have also been raised (Dezhina and Kiseleva, 2008). 

Despite the general understanding of the importance of ―local mass initiative‖ in innovation 

development, this issue is considered in terms of providing cross-sectoral interaction on the level of 

the region or industry (Akberdinova and Malyshev, 2011; Smorodinskaya, 2011; Pakhomova, 2012), 

not the inclusion of society in innovation processes. 

2.3 India 

India demonstrates one of the most prominent results in building the ecosystem for inclusive 

innovation development. It would not happen without systematic support from government on the 

level of policy initiatives and measures. At policy level the idea on inclusive development has been 

stated in various documents (11th Five-Year Plan, 2012; Mid Term Appraisal, 2012; Ustyuzhantseva 

2014) though the issues of social development and poverty reduction through inclusive growth were 

arisen before. Indian government stated inclusive growth as one of the basic goals of legislation and 

budgetary allocations (George et al., 2012). From the late 1980s, the grassroots innovation movement 

had started in India as a scouting and documentation of innovation developed by ordinary people, 

grassroots innovation (GRI). One of the most important finding of research works devoted to this 

movement was the reference to the BoP as a source of innovation, not just as innovation recipients 

(Gupta, 2006). Thus by 2007, scholars had considered the development of inclusive innovation in two 

ways. The first one is increasing capacity of formal institutions to meet the needs of BoP (Utz and 

Dahlman, 2007) and the second one is promoting and supporting the GRI through providing capacities 

of adding value to these innovations (Gupta 2007, Utz and Dahlman, 2007). 

It should be noted that in the case of India, inclusive innovations are considered as grassroots 

innovations (Gupta, 2006), frugal innovations, which are often, called ―jugaad‖ (Radjou et al., 2012), 

and innovation for the BoP – Base of Pyramid (Prahalad, 2004). Gupta insists that jugaad innovation 

cannot be considered as inclusive innovation as in fact it is a makeshift approach, not geared towards 
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sustainable solutions (Gupta, 2014). Nevertheless grassroots innovation has become one of the main 

focus for India‘s government in developing policy measures and infrastructure to support and promote 

inclusive innovation. 

As evaluation of the innovation policy, so research of the innovation system of India are conducted 

within OECD approach, when experts consider technical innovation support and development in a 

country (Oslo Manual, 2005; Sinha, 2011). Starting from 2012 OECD has begun formulating the 

agenda of inclusive growth. The first evaluation of Indian innovation policy in regards to inclusive 

development was done at OECD Conference in Paris in 2012. It was observed that despite the 

relatively early raising the issue of inclusion (Gandhian model of agricultural technologies 

development, where epistemological roots of inclusive innovation can be traced), the top-down model 

of innovation development has prevailed in the country. This model could not provide inclusive 

growth in India (Krishna, 2014). Reforms of 1990s provoked a rapid growth of the economy and the 

development of innovative industries, but this growth brought into the political discourse issues of 

growing inequality and need of inclusive growth. Indian government participated in World Bank's 

program ―The Skills and Innovation Policy‖ to discuss and determine the strength and opportunities of 

India for knowledge economy building (SIP, 2015). 

Utz and Dahlman (2007) highlight a number of IID challenges in India such as high transaction cost of 

documenting innovation; need for systematic and extended value addition; commercialization through 

diffusion and dissemination; funding of industrial production and distribution of innovation. The 

authors propose a number of measures and interventions for government, business and NGOs useful in 

overcoming the challenges, some of which were applied by the government when developing 

measures to support inclusive innovation. 

For instance, India has placed inclusive innovation as a main policy focus for the 2010 decade 

(OAPM, 2011). It include the creation of institutional and financial infrastructure for inclusive 

innovations (such as National Innovation Foundation, India Inclusive Innovation Fund, Micro Venture 

Innovation Fund) (Heeks et al., 2013; Ustyuzhantseva, 2015b). Despite such impressive steps efforts 

to capture inclusive innovation at policy level are still evolving. The new science, technology and 

innovation policy released in 2013 proclaims Indian society as main stakeholder of NIS (STIP, 2013). 

It nevertheless outline failure in in support of inclusive innovation schemes, such as the ―Risky Idea 

Fund‖ and ―Small Idea Small Money‖ due to inadequate funds management (such schemes are 

managed by corporate fund managers) and low level of funding (Krishna, 2014). This new policy has 

been criticized for replicating old and ineffective "linear model of innovation" (Krishna, 2013). 

2.4 China Inclusive growth is an indispensable solution for China's future development. Taking full 

advantage of  enormous  consumption，production，entrepreneurship  potential  contained  in  

poverty  group,inclusive innovation not only provides enterprises with the competitive advantage 

difficult to imitate (Zhao et al., 2014), but also offer equal opportunities for the poor who survive at 



8
9 

 

 89 

the social network margin to participate in economic growth, make contribution and share the fruits of 

growth reasonably (Xing et al., 2013; Tang, 2013). 

The birth of "Inclusive Innovation" in Chinese scholarship was greeted with theoretical research. Wu 

and Jiang (2012) propose three theoretical mechanisms on how inclusive innovation promotes 

inclusive development, namely, reducing barriers, upgrading ability and changing institutions through 

innovation in the perspective of social exclusion. Li (2013) submits that in China institutional 

arrangements based on cooperation is the way to realize inclusive growth. 

Empirical studies, such as, Gao et al. (2013) conceptualizes ―inclusive industrial innovation‖ and 

proposes that it is necessary to establish and improve the public service system, improve the income 

distribution system, carry out market-oriented reform, and transform government‘s functions in order 

to achieve the goal of inclusive industrial innovation. Xing et al. (2010) in a multiple case study on six 

enterprises carried out on business operations in the rural areas of China found five key components 

of enterprise‘ business model, namely: local capability, value proposition, value network, key 

activities and profit model. Tang (2013) explores five influence factors of inclusive innovation 

behaviour of Chinese Small and Micro technology-based firms, they are capital, allocation of 

resources, organization network, agency, partnerships, and entrepreneurship of the CEO. 

However，most research is conducted in the perspective of innovation system. Because inclusive 

innovation face challenges such as lack of market information，deficiency in knowledge and skills， 

imperfect institutional system，backward infrastructure，limited access to financial services，etc. 

These constraints cannot be solved by a single enterprise, it needs support from other stakeholders - 

government, NGOs, local communities, research institutes, universities, financial institutes and 

intermediary institutions - to construct regional inclusive innovation system by the three sub-systems 

of ―innovation entity subsystem‖, ―innovation support subsystem‖ and ―innovation environment 

subsystem‖ (Shao et al., 2011). 

Gao et al. (2014) propose an evaluation system for Chinese regional inclusive innovation system by 

introducing a comprehensive evaluation method. The result shows that Chinese regional inclusive 

innovation performance declines from East to Midwest, it also indicates that Chinese regional 

inclusive innovation performance is closely linked to local economic development, openness and 

industrial structure. The implication is that economic development pays more attention to rural 

development. The recommendation is for China‘s regional economy should maintain a reasonable 

industrial structure, build a balanced innovation system and avoid the polarization of resource 

allocation to enhance innovation efficiency and performance. 

2.5 South Africa 

Evidence from South Africa, demonstrate the existence of close cooperation between industry and the 

higher education sector and also with university, industry and government (Kruss, 2008). The essence 

of these interactions is to help bridge identified gaps in education, skills, with the ultimate aim of 

knowledge generation and dissemination. Studies have also focused on the nature and forms that these 
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interactions take. Nevertheless, less is known on how these cooperations influence IID and related 

policy, which this paper investigates. 

Kruss (2008) in analysing these interactions, explore the shifting relationships and partnership 

between triple helix actors, and the impact this has on research in universities, knowledge production 

and dissemination in South Africa. In this analysis Kruss (2008) found that old and new forms of 

organisational relationships co-exist, with old forms tending to prevail, arguing that these may have 

counterproductive implications, thus advocating a balance between old and new forms of 

partnership‖, each with its peculiar functions and the creation of new forms of ―knowledge-intensive 

networks‖ (p.3, 15). 

Consequently we observe that all three (national, provincial and local) spheres of government, as well 

as public research institutions, are involved in supporting innovation in South Africa (COFISA, 2009, 

p.24). The presence of science and technology parks, which act as vehicles for university-industry 

cooperation, further demonstrate South Africa‘s resolve to enhance economic development through 

science, technology and innovation (COFISA, 2009). However, in spite of these efforts, initiatives 

and tangible progress, challenges remain in areas that include measurement of innovation, capabilities 

(organisational and individual), limited attention to innovation in most of academia, the role of THA 

on IID and public policy support for IID (COFISA, 2009, p.47; OECD, 2012, 2013; Daniels, 

forthcoming). 

There are also concerns related to government initiatives seen as impediments to innovation networks, 

an example of which is intellectual property act, although designed in good faith ―may stifle, rather 

than support innovation‖ (COFISA, 2009, p.56). As Phiri et al. (2013) maintain, policies adopted in 

South Africa‘s post democratic era ―have produced and reproduced social and economic inequalities 

which have hampered inclusive innovation, development and the nascent burgeoning of innovation in 

the informal sector‖. 

Also in the area of IID, we find gaps in conceptualisation and theorising of IID, increasing the 

difficulty of academic research and operationalisation in industry, limits on our knowledge of IID 

ecosystems – institutions (formal, informal, intermediaries, hybrids), landscape and dynamics 

(Muchie et al. 2003; Kruss, 2008). We also observe the lack of suitable indicators and inability to 

effectively measure the impact on and contributions of (inclusive) innovation on socio-economic 

development (Kraemer‐Mbula and Wamae, 2010; Arocena and Sutz, 2010; OECD, 2012). This is 

necessary for ensuring that the benefits of innovation are optimised while also remaining relevant to 

poor and rural communities. 

Recent studies have observed that in spite of the acknowledged cooperation, and interactions among 

triple helix actors in addition to the potentials and prospects of innovation and IID, in South Africa, at 

addressing the needs of the poor and marginalised are still at their rudimentary stages (Lorentzen and 

Mohamed 2009; Pogue and Abrahams, 2012; see for example, Soares and Cassiolato, 2013). In 

addition, the ability and efforts to measure IID‘s contributions to South Africa‘s national growth and 
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socio-economic development is still weak (Daniels, 2014; Daniels, forthcoming). This gaps and 

weaknesses identified are not peculiar to South Africa or BRICS, but rather a situation currently 

prevailing in many other global South countries, resulting in part from the choice of measurement 

indicators. We provide more insights on these points in Section 5, Discussion. 

3. Methodology 

The methodology follows secondary data sources. We draw from academic materials that supports, 

disproves or justifies the existence (or not) of IID, the roles of THA and appropriate public policies 

that support (or not) IID in BRICS. The sources of data utilised also include internal project and 

official government documents, conversations with key IID experts (scholars, practitioners and 

policymakers). Furthermore, we build on our knowledge and experience of this sector. While some 

documents draw extensively from primary data captured in the respective countries, others build on 

materials from international scholars, authors and organisations external to the respective countries. 

Given that this is a theoretical and conceptual paper, we see the findings and research questions posed 

as starting points that should be followed by further empirical research to verify and gain greater 

depth of understanding on the issues addressed. 
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4. Findings: Triple Helix Actors Roles in IID and Policy Support 
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5. Discussion 

The findings highlight roles played by university, industry and government in innovation, with bearing 

on IID. With two billion BRICS citizens estimated to join the global middle class by 2030 (Cassiolato 

and Soares, 2013) this potentially has significant impact on IID and reduction in global poverty levels, 

inequality and social exclusion. Brazil presents an example of THA role in innovation by the 

establishment of incubator movements, science parks, and angel networks by universities, research 

institutions, firms and municipalities. This has helped to advance knowledge capitalisation and the 

―realisation that the incubator is fundamentally a teaching programme for individuals to learn to 

function as an organisation‖, not simply an activity reserved for firms (Etzkowitz and Dzisah, 2008, 

p.5). 

Another way is in the financing mechanisms, institutional settings, organisational interfaces and 

knowledge production and dissemination arrangements being put in place. Brazil presents an 

interesting and important example of government support for innovation through efforts that focus on 

the creation and strengthening of science and technology (S&T), finance and various other institutions 

as a way of promoting innovation and fostering development (Scerri and Lastres, 2013). Efforts in this 

direction include the creation of National Bank for Social and Economic Development (BNDES). 

At the 6th BRICS summit in July 2014, the creation of BRICS Bank seen as a ―rival‖ or ―alternative‖ 

to the US-Dominated World Bank and IMF, is another such step that echoes this strategy (Griffith- 

Jones, 2014). These steps reflect the choice of development and innovation strategies designed to 

achieve self-sufficiency, or at least less dependence, on external capabilities and finance while Brazil 

chart its development course. The results have been astounding with world-renowned scholars such as 

Nobel Economist Joseph Stiglitz in support of the paradigm shift and originality in approach. 

In knowledge production and dissemination, we see Brazil involved in international research and 

innovation collaborations, financed by government agencies
1  (e.g. BNDES) with a view to 

improving understanding of how innovation can better serve humanity and respond to global 

challenges. How these collaborations contribute to IID is yet to be measured in precise terms. 

Nevertheless, they signal interest towards advancing research and innovation and demonstrate 

commitments by the nation‘s THA focused development strategies. 

In spite of these incubators, knowledge and finance initiatives, increases in capital, investment, growth 

and development recorded in Brazil, ―the Brazilian economy, despite the liberalisation process in the 

1990s, remains the most closed amongst the BRICS countries‖ (Scerri and Lastres, 2013, p. 28). The 

focus on the creation of formal institutions means that significant attention is shifted from the informal 

economy and sectors, which as we know, accounts for a significant proportion of innovation in BRICS 

countries and the global South in general (ILO, 2012). The implication is less support for innovation 

                             
1 An example of which is the Mission-Oriented Finance for Innovation Conference (http://missionorientedfinance.com/) 

co-financed by BNDES in partnership with SPRU, hosted in London, UK, and subsequent book 

(http://www.policy-network.net/publications/4860/Mission-Oriented-Finance-for- Innovation) edited by Mariana 

Mazzucato and Caetano C. R. Penna. 

http://missionorientedfinance.com/)
http://missionorientedfinance.com/)
http://www.policy-network.net/publications/4860/Mission-Oriented-Finance-for-


9
5 

 

 95 

practitioners at grassroots level thereby impacting negatively on IID and similar efforts with potentials 

to address the needs of the poor and marginalised segments of the economy. We submit that 

maintaining this balance is critical to inclusive development and that careful operationalisation of the 

triple helix framework in this context presents an opportunity towards achieving this goal. 

In Russia Innovation for Inclusive Development (IID) is not yet fully recognized at the level of 

national innovation policy, although progress is being made in this regards. The national strategy on 

innovation development is yet to address social innovation components and does not adequately 

consider society as a beneficiary of development arising from innovation. More emphasis is placed on 

the state, leading to calls for change (Strategy, 2011). A recent attempt by academia to put IID on the 

innovation development agenda has yielded suboptimal results. The situation is further complicated 

due to the fact that business, a key innovation actor, is still underdeveloped (Gokhberg, 2011) and not 

sufficiently represented in Russia's IID agenda. 

Considering the whole NIS from the Triple Helix Model perspective, it should be noted that Russia is 

still in the process of building double helices with necessary feedback (Smorodinskaya, 2011). 

Obviously there are no/or weak knowledge, innovation and consensus spaces in Russia (Etzkowitz and 

Ranga, 2010). IID is mostly a product of joint involvement of all NIS actors, based on knowledge, 

innovation and consensus spaces. The absence of these factors helps to explain the absence of IID in 

Russia. 

India has one of the most extended system of IID support among other BRICS countries. Academic 

sector was a trigger of the system creation, involving government agencies into it and then business. In 

fact, Academia initiated the knowledge and innovation spaces between business and government using 

grassroots as source of knowledge. Scouting and documenting IID from grassroots, Academic 

institutions then channel it in two ways. If the innovation has market potential, it is transferred to 

incubation system, arranged by the government through various institutions providing wide range of 

services: testing, validating, patenting, business incubating. If the innovation is of social importance 

and aimed at improving livelihood of people but with weak/no market potencial, it is eligible to other 

institutional support, for example by Grassroots Technological Innovation Acquisition Fund (GTIAF). 

The GTIAF acquires rights to technologies from the innovators for generating public goods and 

escalating process of awarding people created GRI. Some of the acquired GRI are open source, and 

some of them can be pooled and blended to create new products. 

Other option for innovators is to become entrepreneurs with the support of Micro Venture Innovation 

Fund (MVIF), which was set up with financial assistance of Small Industry Development Bank of 

India (SIDBI). These funds provide financing exclusively for risky innovations with limited or no 

commercial market. One of the main criteria for the selection of projects for funding is their social 

value and social good. 

These measures and initiatives are supported in various policy documents released by the Indian 

governemnt. The main message of the 11th Five-Year Plan (2007-2012) is a statement of the India- 
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specific way of innovation development, aimed at improving quality of people‘s lives through 

innovation (11th Five Year Plan, 2007). This approach was developed further in the 12th Five-Year 

Plan (2012–2017). According to the Plan, the Indian model of innovation should provide affordable 

innovations to meet people (in transport, healthcare, water resources, etc.) and ensure inclusive growth 

of the country. New Science, Technology and Innovation Policy released in 2013 declares society as 

the main goal and stakeholder of national innovation system that supposed to ensure inclusive 

innovative development of India (STIP, 2013). 

In the case of China, the Chinese economy since 1978 has been growing at breakneck speed. But this 

stunning growth performance has come at a high cost as the gap between rich and poor has widened 

dramatically, and the environment has suffered immense damage. What‘s more, this growth has not 

brought sufficient benefits to citizens, as it has been driven more by investment than consumption. 

This is why under President HU Jintao‘s leadership; China‘s 12th Five Year Plan (2011-2015) places 

great emphasis on ―inclusive growth‖, promoted by the Asian Development Bank (ADB). The concept 

of inclusive growth and inclusive innovation is an attempt to transform China‘s economic and social 

development model. It seeks to: address rising inequality and create an environment for more 

sustainable growth by prioritizing more equitable wealth distribution, increased domestic 

consumption, and improved social infrastructure and social safety nets. During 2009-2010, President 

HU Jintao raised the concept of "inclusive growth/innovation" in three important public speech and 

appealed that the fundamental purpose is to make the fruits of economic globalization and economic 

development beneficial to every citizen. 

Our findings reveal that in spite of its recent history, South Africa is one of the best performing among 

the BRICS in terms of efforts targeted at using inclusive innovation and policies to address 

development challenges. ―The challenge in South Africa is all the greater for the recent revelation by 

Citigroup Global Markets that it has over US$ 2.5 trillion of non-energy monetary reserves making it 

the richest nation when assessed by the in situ value of its natural resources. South Africa is in the top 

15 countries with gold, iron ore, nickel, and platinum group metal reserves. This poses an enormous 

challenge for innovative work to ensure that beneficiation follows on exploration, leading to 

fabrication‖ (Turok, 2010). 

Nevertheless Phiri et al. (2013) submit that policies adopted in South Africa‘s post democratic era 

―have produced and reproduced social and economic inequalities which have hampered inclusive 

innovation, development and the nascent burgeoning of innovation in the informal sector‖. Related to 

this, evidence indicate that ability to capture the impacts and contributions of innovation to socio- 

economic development and policy support for IID is still weak (Daniels, 2014; UNDP, 2014). 

Nevertheless, the strategies being proposed and adopted (see for example, NDP (2012)) attest to THA 

commitment to IID and that policies have had significant effect (UNDP, 2014). 

6. Conclusion 

In this paper we have drawn from relevant sources in order to improve the theoretical understanding of 
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Triple Helix Model (THM) and Triple Helix Actors (THA) as a sources of knowledge and innovation 

useful in addressing important societal challenges in BRICS, which we note are fast developing 

countries. 

In summarising the insights from this section, we note that BRICS THA are currently engaged in 

significant initiatives relevant to IID with considerable impacts. While these potentials are extoled, 

specific questions still remain, such as: How can/should THM function in the context of Inclusive 

Innovation for Development (IID) and links to public policy for IID in BRICS? What (new and 

additional) roles for THA in IID activities across BRICS innovation ecosystems, capabilities, learning, 

measurement of innovation, and why? What (if any) changes occur in role and functionality of TH 

actors, arising from specifics of inclusive innovations; how do the changes occur, what shifts occur in 

innovation system, e.g. in blending formal and informal sectors/actors? What IID-relevant public 

policies and policy support for IID are available in BRICS countries and what roles do THA play in 

operationalising these policies? Are these policies needed, why? How do they support / promote IID; 

what challenges, limitations and how can these be mitigated or managed? 

BRICS countries, like other ―late-developing societies‖ (Kruss, 2008, p.5) face their share burden of 

inequality and the challenge of fostering socio-economic development with strong innovation 

capabilities while combating social exclusion (Arocena and Sutz, 2004). However drawing from the 

findings of this paper and the fresh insights that can be gleaned we conclude that BRICS, except for 

Russia, are actively engaging in activities and policies to both support and promote innovation as a 

mechanism for inclusive development. Russia is the only country among BRICS which does not have 

an IID agenda in academic, or at policy-level. In view of weak private finance and institutional 

infrastructure for innovation development, the government remains the dominant actor framing the 

core and direction of innovation activity; and the main source of financial support for innovation both 

in academia and industry. Through programs and strategies (social, economic, innovation) and the 

funding of certain activities, the state delineates the fields of activities for national innovation system's 

actors, including business, universities, and non-governmental organizations. 

In India we find that policy agenda on inclusive innovation development is still an open issue and 

demands more in-depth research work and discussions. China presents an interesting case in which 

although IID and policy support exist, some scholars argue that university and research institutes, 

which play central role in innovation, are excluded from inclusive innovation system (Xing et al., 

2010; Gao et al., 2013). 

On the basis of these analyses and findings, we conclude that TH actors can play important roles in 

areas that include measurement and analysis of innovation/IID, promoting IID, IID policy formulation, 

implementation, reviews, monitoring and evaluation, linking formal with informal (sectors, actors, 

knowledge), strengthening innovation ecosystems in ways to support IID and in capability 

development. Another area of importance is in ensuring that innovation is relevant to the wider society, 

and better targeted at excluded and marginalised sections of the segments, that is, those at the bottom 
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of the pyramid. 

These are conclude are critical to ensuring that the gains of innovation are optimised and that 

innovation is applied in more efficient manner at addressing societal challenges aimed at improving the 

quality of life. In the specific cases of BRICS, as fast developing countries, the use of inclusive 

innovation approaches, projects and activities is necessary in achieving and maintaining balanced 

growth and development strategies that are not only smart (i.e. innovation-led) but also do not 

exacerbate poverty, inequality and social exclusion. IID can be a useful tool in achieving socio- 

economic and development goals in BRICS. 
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1. Introduction  

Innovation continues to be associated and emphasised in relation to the benefits it can generate for 

the economies of countries. For example, the European Union‘s interest in how micro, small and 

medium size enterprises innovates can be summed up by Günter Verheugen, (who was 

Vice-President of the European Commission from 2004-09 and responsible for enterprise and 

industry) in the forward of ―The new SME definition: User guide and model declaration‖. He 

placed emphasis on how ‗micro, small and medium-sized enterprises (SMEs) are the engine of the 

European economy. They are an essential source of jobs, create entrepreneurial spirit and innovation 

in the EU and are thus crucial for fostering competitiveness and employment.‘ Horizons 2020, the 

latest EU Research and Innovation programme also placed emphasis on the topic of Innovations in 

SMEs. However, existing theories for explaining innovation (or the lack of innovation) centres on 

observations based on empirical samples from large firms in the high-tech sectors such as electronics,  

software  and  information  technology (Keizer et al., 2002, Larsen and Lewis, 2007, McEvily 

and Zaheer, 1999). Innovation modes such as the Science, Technology and Innovation (STI) and the 

Doing, Using and Interacting (DUI), which are prevalent in innovation literature, also have a strong 

science and technology component such as the measurement of patents and R&D expenditure. 

The emergent nature of innovation process has rendered it an elusive subject of study. Nonetheless, 

academics remained undeterred as attested by the growing amount of research on the topic of 

innovation (Fagerberg et al., 2005, Edwards et al., 2005). Innovation processes have been seen as a 

linear progression, recent studies have shown this is not always the case and the research interest 

has shifted to be concerned with the ―how‖ and ―why‖ during innovation processes. This  includes 

examining who is involved in the innovation process, what the actual process is and redefining the 

innovation process as one that is not taken from the firm‘s perspective but as a process of 

co-creation (Mele and Russo-Spena, 2015). This idea of co-creation implies that the innovation 

process involves not just actors within the firm but outside of it too. Other studies have also suggest 

that ―that the locus of innovation is not the firm but rather the network in which the firm is 

embedded‖ (La Rocca and Snehota, 2014). Greve (1995) supports using network as a way of 

offering ―theoretical perspectives on social processes‖. What these suggest is that concepts such as 

networks (for learning, collaboration) and how the use of relationships, the dependence on external 

resources have modified the linear perception of innovation process to one that is more encompassing 

of the firms‘ environment and the relationships that are associated with the firms (La Rocca and 

Snehota, 2014). The concept  of interaction in particular from the IMP (Industrial Marketing and 

Purchasing) group has helped provide a perspective of innovation as a process of how resources are 

combined in a network to provide a novel end product. 

Despite this emphasis on networks, studies have not enlighten how new  businesses  with  no  

pre- existing network embed themselves into a pre-existing network (La Rocca and Snehota, 2014). 

Most microenterprises start off with an idea and some financial resources, contributed by family and 
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friends or through application from some grant. They may not possess the innovative advantages right 

from the beginning. These skills may need to be developed and ideas tested with other experts, which 

can provide guidance and access to other types of resources through their own networks. The positions 

which these experts, or actors hold in the network can also influence the innovation process greatly 

(Greve, 1995). This access to resources through these actors and their networks is echoed by Hoang 

and Antoncic (2003). According to them, the main benefit of such networks is the information and 

advice gained. The networks that were formed at the beginning of the company can be a continued 

source of information, advice and problem solving. 

Understanding how network develop needs to be focus on the individuals on which the  access  to 

resources may hinged upon  (Hoang  and  Antoncic,  2003).  However,  going  beyond  the  

commonly cited reasons for using the network due to a lack of resources for a firm is necessary to 

deepen our understanding of the innovation process for microenterprises. For example, Cooper et al. 

(1991) considered factors such as age and experience of the ties used in the network to  be  useful  

when businesses are starting up. Witt (2004) shows that existing studies do not consider the starting 

conditions of an enterprise‘s network which can differ widely and impact  subsequent  innovation 

process. Past studies also tend to focus on the network from the founder‘s perspective and assume a 

correlation between the ability to network and subsequent success.   These studies ‗demand‘ a more 

micro perspective into the broad assumption on how networks are used in the innovation process and 

this research is responding to the call. 

This research hopes to contribute by combining the approach used by IMP researchers for the study of 

business networks and interaction with approaches to  studying  the  innovation  process.  This  

paper adopt the term ―process‖ from Bizzi and Langley (2012) to mean ―events, activities and choices 

as they emerge and sequence themselves over time‖ and adapt the ARA  model  by  Hakansson  

and Snehota (1995) for interpreting this phenomenon. The ARA model recognizes the 

interdependencies between actors, resources and activities and the environment around it. This means 

there is a relationship in a business networks also  depends  on  the  components  (actors,  

resources,  activities). Each component is granted functional roles that may be determine by intrinsic 

or extrinsic goals and an insight into the influencing factors at various levels during the interaction. 

These understanding of the relationships among firms is expressed in terms of activities, resources and 

actors. 

This paper proposes a framework for examining the interaction of actors in University spin-offs 

innovation journey. This is illustrated with empirical examples from  the perspective of two micro- 

enterprises who are University spin-offs at a mid-level phase of their innovation journey that are 

innovating in the food sector in Sweden. Using the Actor-Resources-Activities (ARA) model from the 

Industrial Marketing and Purchasing (IMP) Group, an adaption of the event-based approach (Halinen 

et al., 2013) is used to identify the focal network of actors and their interactions through the 

identification of critical events. The first case describes the identification of a combination of food- 
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derived amino acids that have positive impact on blood glucose regulation when included in a meal. 

The second case describes the innovation process of two researchers who had successfully patented 

their findings on the  functional application of the 13 healthy lactic acid bacteria that are  naturally 

present in a bee's honey stomach. 

2. Innovating  Micro-Enterprises: 

Naudé et al. (2014) highlighted literature from the IMP group and resource based view studies which 

pointed out that micro-enterprises are accessing resources through the network which they are not 

otherwise able to obtain on their own. In this research, the focus is placed on  networking  that  is 

conducted for advancing innovation process in a microenterprise. While network literature can be 

concentrated on two main unit of analysis- the network or the firm, this research focuses on  the 

innovation process of microenterprises as a unit of analysis. Networks in this instance is regarded as 

evolving and temporal as they are made up of relationships which are ―continuously constructed and 

reconstructed during interaction‖ (Grabher, 1993). This implies that sequences of events that occur in 

the innovation process of the microenterprises will be analysis and the way in which this is conducted 

is through the identification of critical events, which will be further  elaborated  upon  in  the  

next section. 

Studies on small businesses have revealed that they innovate through different and  often  more 

practical approaches. This innovation process should be coupled by core competencies by the 

microenterprises such as specific skills, flexibility of operating process etc. By exploring how micro- 

enterprises innovate despite having limited resources as a whole, a deeper understanding and 

appreciation of their innovation activities can be useful for understanding innovation processes. 

Since microenterprises may be categorized under SMEs or small businesses, literature has been drawn 

from various fields to help informed  this  research.  For  example,  in  entrepreneurship  

studies,  the ability of an entrepreneur to network is often linked to the enterprise itself. Thus, the 

ability of the entrepreneur is emphasised upon when external resources are required in the innovation 

process. However, this perspective of networking is broad and encompasses all type of activities used 

solely for the purpose of obtaining resources. In reality, networking is an activity that requires first of 

all, using the entrepreneur‘s personal contacts and network. Secondly,  networking  is  used  not  

just  for access to external resources but can also be a form of support for non-economic reasons. 

Other small business research on networking has extended beyond looking at networking as a type of 

resource acquisition tool. For instance, one way is through examining the management of these 

relationships within among their network nodes and the impact of these relationships.  In these 

studies, the intensity of the relationships is measured in terms of frequency of contact and amount of 

resource exchanged. This has a bearing on the quality of relationships according to Zhao and Aram 

(1995). They proposed that the greater the commitment to the relationships, the more it benefits the 

enterprises as the partnership formed is close, trusted with a long-term cooperative perspective. 

In a  similar thread of study, Greve (1995) recognised that  the positions and activities that 
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microenterprises‘ owners hold and conduct can influence how they use the network resources obtained 

in their business management. Greve (1995) posits that networks may be used for different 

purposesdepending on the phase in which they are in. The skills required for each phase can differ 

quite significantly but is possible to either learn or inject in the form of external expertise into the 

enterprise through social relations. Steier and Greenwood (2000) pointed out though that most 

researches have been mostly focused on examining existing networks on various parameters and there  

is  lack  of research in examining situations where there may not be any existing networks. This 

research hopes to contribute to the literature in this aspect by examining how innovating 

microenterprises ‗build‘ up their network in a new arena they have created. This can help provide an 

understanding  of  the problems these microenterprises can encounter in their innovation process. 

In examining how networking plays a part in innovation process, Nieto and Santamaría (2010) raise 

the point about the role which networking play in the development of innovation capacities of SMEs. 

They were interested to find the effect collaboration within networks  can  have  on  the  

innovation process that, and even in certain cases that can help narrow the gap of innovation outcomes 

between small and large firms. They recognised that the use of external networks is not privy to only 

small firms but that large firms are engaging with them too. Steier and Greenwood (2000) felt that 

―understanding the role of networks remains a significant but imperfectly understood aspect of the 

entrepreneurial process‖. They pointed out that more studies are recognizing that small firm can both 

stand to gain and be challenged by external networks. Small firms  often  form collaborations  or 

alliances to a better leverage on resources needed for their innovation process. On one side that it can 

benefit them to have great partners in such collaboration, but the flip side is that it can quickly be an 

Achilles‘ heel for them too if the partners are not suitable or they fail to find suitable form of alliances. 

The level of dependence microenterprises can have on external collaborations as compared to larger 

firms can differ. For microenterprises, external collaborations can act as a catalyst for the development 

of certain capabilities, enhance their competitiveness due to  their ability to access to expert advice or 

sophisticated technology that they would normally not be able to obtain without these collaboration or 

alliance to well-positioned resources in the network. This ‗networking‘ aspect than become not just a 

strategy to gain more resources but instead should be regarded as a strategy when innovating for these 

microenterprises. 

This networking as part of a small firm strategy should not be only confined to the start-up stage 

according to Nieto and Santamaría (2010). The benefits to what microenterprises can gain through the 

actors in the network can range from tangible to intangible resources, and the most crucial one is 

perhaps information and advices through expert actors in their networks. These expert actors can be 

venture capitalists, professional services organizations like lawyers or industry experts who have held 

management positions in the sector they have worked in for many years. They can provide advice for 

problem solving or direct to a suitable contact, and in certain cases legitimacy to the enterprise. This 

maybe due to the positive perception associated with the microenterprise when the expert actor or 
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organization is recognised to have a committed relationship or stake in the microenterprise. These 

positive associations can have subsequent impact in the resource requirement and exchanges of 

microenterprises with other actors in the network. 

This section has discussed how innovation process of micro-enterprises can be viewed through 

networks and how the various perspectives of network characteristics can help to provide insights into 

their role in the innovation process. The following section explores how the critical events can identify 

the networks that are important to the innovation process. 

3. Identifying Focal Networks through Critical Events 

Flanagan (1954) defined critical incidents as follows: ―By an incident is meant any observable human 

activity that is sufficiently complete in itself to permit inferences and predictions to be made about the 

person performing the act. To be critical, an incident must occur in a situation where the purpose or 

intent of the act seems fairly clear to the observer and where its consequences are sufficiently definite 

to leave little doubt concerning its effects‖ (Makkonen et al., 2012). Events identified thus comprises 

of descriptions of actions, time and place from a subjective point of view. It is taken to reflect the 

conscious and unconscious motivations of an individual along with their interpretations and opinions 

of the event. 

Events, which can also be known as episodes (Håkansson et al., 2009) or moments (Medlin, 2002) are 

analysed and used as building blocks that make up the interactive process in networks in this paper‘s 

approach. Events are identified by the key subjects (managers etc.), which they view as significant to 

the phenomenon. In the network context, these processes are contributed to an event in different ways 

by various actors and it is suggested that a focal or critical event is used as a tool for analysis as it 

draws attention on the activities that is most relevant to the process concerned. Events may be viewed 

from different levels, such as company-level or dyad level or  it can refer to certain phases where 

changes might occur in an innovation process. All these are aimed to address the identification of 

relevant events, to explore the deeper structure or factors that trigger critical events and change and to 

connect events in a logical manner. 

The critical events approach can be seen in practice for example, in Fuglsang and Eide (2012)‘s study 

of small tourism firms who innovated by turning the idea  of experience tourism into reality using 

networks. The critical events approach was used to identify the behavioural aspects of network 

formation in micro processes. They adopt a practice-based approach to highlight how network 

formation and innovation can be understood as process and practices. The critical events approach was 

used to study ―events, processes and issues‖ for network formation. In their study of Brazilian 

start-ups, Corradi (2013) positions critical events as conceptual and analytical tool to explain the 

development of start-ups. They found that learning episodes  (experiential learning), which can be 

triggered by both internal and external factors at various levels of analysis, make this development 

process discontinuous and can establish new routines. They collected retrospective interviews on 

critical events that happened during the business journey which ―demanded search for solutions, 
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knowledge and resources by the entrepreneurs‖ at that juncture. Their conceptual framework guided 

them to find out what the triggers of the critical event were, the actors involved, the strategies used, 

outcomes and impacts of these events on the firm. They concluded that triggers may not always be 

unwelcomed and may have a positive impact on the firm and it is the outcomes that are associated 

with whether it has a positive or negative impact. These critical events can disrupt the path of the firm 

through new resources, services and routines. This implies that critical events are actually essential for 

the early part of the firm‘s innovation process to provide new solutions. Certain critical events may 

hold more learning value than others and argues it is those events that combine both interpretative and 

practical dimensions of learning that can have an impact. They further suggest a future area of 

research can investigate the ―relationships between critical learning episodes and how they influence 

the evolution of different type of business‖. 

These studies are just some examples in which critical events can be identified from empirical data 

and be qualitatively analysed to provide an understanding of the studied phenomenon. In the same 

vein, this research adopts this approach as a methodology to identify the focal network of actors, 

resources and activities to analyse how microenterprises innovates. 

4. Actor-Resource-Activities  (ARA)  model 

This section serves to provide some background on the ARA model and provide some examples of 

research that has use the model to analyse similar phenomenon. There are three layers (resources, 

activities and actors) each relating to three types of networks (network of resources (resource 

constellations), network of activities (activity pattern) and networks of actors (web of actors). This 

model is seen as capturing the key aspects of relationships between firms, within firms and 

relationships among individuals. This includes the activity links which acts as the backbone of the 

relationships, the resource ties connecting resource elements (physical or virtual) and actor bonds 

created/nurtured/destroyed through interaction with other actors (Lenney and Easton, 2009). Although 

these three layers are described separately, they are in reality are very much interconnected 

(Hakansson and Snehota, 1995). 

Activity links refer to the flow of exchanges between two companies for technical, administrative or 

commercial reasons. They link to other activities within the companies themselves and are subject to 

changes that have effects on both costs and effectiveness of the activities. Hence, they play a part in 

the productivity of a company and of the network. The type and strength of activity links also help to 

explain the effects of a relationship and how it can develop in their conceptual framework (Hakansson 

and Snehota, 1995). Participating in activities implies the use of external conditions and supportive 

factors through establishing relationships with other companies and organizations. 

Resource ties (including manpower, equipment, plant, knowledge, image and financial means)  are 

what support the activities of the company. Relationships are formed not just to acquire or access but 

in some cases to be combined in a new way, tying the resources of the two companies together, 

forming a aggregated resource structure – ‗a resource constellation‘. Hence a resource can be an asset 
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to one but a constrain to another within the resource constellation/network (Hakansson and Snehota, 

1995). 

When discussing about actor bonds, Hakansson and Snehota (1995) acknowledged that while it can be 

problematic in thinking of companies like individuals in a relationship, they suggest that it can be 

cases where the company is just one person or multiple actors combined. What is interesting is the 

observation of the shaping of a relationship is likening that to learning process. As relationship itself 

can be influenced by multiple factors and beliefs and trust underlies the commitment undertaken in 

most cases. ―Commitment, identify and trust are processes that constrain and at the same time enable 

the behaviour of the actors in relation to each other. To be committed, to have a certain identity, to be 

trusted means that an actor has to comply with some specific rules (Hakansson and Snehota, 1995).  

The three layers of substance are said to be what constitutes a relationship, are related to the values 

and outcomes of a relationship and can be used to assess the role of a relationship between two 

companies. Hakansson and Snehota (1995) suggest that this model ―can be used as a conceptual 

framework to analyse the effects of change in relationship and/or identify the factors that affect the 

possibilities of development of a relationship‖ The matrix allows different forms of interactions or 

relationships between and among the different components. In addition to that, they suggest it can also 

be used as a diagnostic tool to identify critical issues, to intervene in relationships to achieve certain 

effects or to distinguish possible effects of change in a relationship. The matrix can also be used to 

identify the impact of change on the development of a relationship. 

This is well suited for the purpose of this research as it can be utilized to examine ―innovative process 

that takes place over time in which actors are able to adjust and interweave transaction chains, 

accommodate routines that were strange before, transfer activities to other actors and  build  up 

common recipes, standards and cognitive maps‖ (Omta et al., 2001). In addition, as micro-enterprises 

are firms that are often connected by networks of (sometimes overlapping) formal and informal 

relationships, the ARA model provides a perspective that can be readily explored to glean insights into 

the innovation process of these micro-enterprises. Jensen et al. (2007) though, propose considering an 

element of self and collective interest when analysing the interdependence of the firms represented by 

the resource ties, activity links and actor bonds. They suggest that by examining the difference 

between self and collective interest, one can understand how firms develop networks. In other words, 

the importance of maintain a firm‘s identity can provide an understanding in how networks are built to 

strengthen or diminish self or collective interests. 

In this paper the usefulness of the ARA model as a conceptual framework is used to highlight the 

potential dimensions that can be use to describe a useful framework for understanding how micro- 

enterprises innovate. For instance, Ratajczak-Mrozek and Herbeć2 (2013) utilized the ARA model in 

their study of the Polish furniture industry. In the study, they examine especially the interaction of the 

firms and their environment under each ARA component. Another example of how the ARA model 

has been used as a framework for analysis is O'Toole and McGrath (2008) use of the model to 
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examine six relational capabilities in an SME network. They define relational capabilities for micro- 

enterprises as ―the capacity of an SME to interact proactively with a wide range of connected actors to 

purposefully exchange knowledge, create opportunities and joint process improvements including 

adaptations and innovations.‖ The relational capabilities they proposed to examine are formed in the 

process of integration between the three layers in the ARA model. As these capabilities often resides 

within a network, it can be difficult to measure or observe, but the ARA framework allows the 

formulation of the six dimensions that can be more readily obtained through design of the empirical 

data. In this research, I intend to use the ARA model as it has been designed ‗to give a frame of 

reference where different important factors are related to each other‘ (Håkansson, 2009) in the context 

of innovation processes of micro-enterprises in the LMT sector. 

In examining innovation processes using ARA model as a framework, it should noted that there is 

constant interaction between the three substance layers (actor bonds, resources ties, activities links) 

and these interactions drive the changes and development of events along the innovation process. 

Having strong substance layers (links/ties/bonds) can provide guidance to access to available or 

alternative resources, strengthening of ties and links at various important junctures. This means there 

is an influence and effect on other actors and resources in these activities, whether  directly  or 

indirectly (Hakansson and Snehota, 1995) during the innovation process.  The ARA model provides 

an understanding of the relationship and the outcomes of interactions of business relationship 

described through three layers: 1) Actor Bonds (interpersonal links through interactions), 2) Activity 

Links (integration and coordination of activities) and 3) Resource Ties (how assets, benefits or means 

are adapted or combined as interaction develops) between the counterparts (Hakansson and Snehota, 

1995, Ford et al., 2008). By taking into consideration these three layers, it expands the area of focus 

beyond the relationship to that of its surrounding environment and related third parties. The model is 

said to deal with networks that has no clear boundaries but are connected through exchange 

relationships (Axelsson, 2010). This is hence appropriate as aforementioned with micro-enterprises 

seeking extant sources and linkages to capture the nuances of their interactions. 

5. Methodology 

The innovation process is ‗a special case of the process of change in an organization‘ (Knight, 1967) 

and this process of change is what this study when examining the innovation journey of micro- 

enterprises aims to achieve. Process research examines ― a sequence of events or activities that 

describe how things change over time‖ (Van de Ven, 1993). Halinen et al. (2012) defined network 

processes as ‗comprising sequences of connected events and activities that unfold over time in and 

around networks‘. As such, the similarities between process and network research suggest that the 

event-based approach proposed by Halinen et al. (2012) to aid in the study of processes in business 
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networks concepts can provide good insights to the design of this research. Processes are influenced 

by many different factors, most of which are related to the nested nature of relationships in networks. 

This often posed a challenge when it comes to delimiting what to analyse in process research as it 

contributes to the complexity because processes can be simultaneously evolving. The involvement of 

multiple actors and perspectives in processes also means that it inherits issues such as biases of views, 

based either on retrospective or predictive accounts of the processes by informants (Halinen et al., 

2012). 

Events, which can also be known as episodes (Håkansson, 2009) or moments (Medlin,  2002) are 

analysed and used as building blocks that make up the interactive process in networks in this approach. 

Events are identified by the key subjects (managers etc.), which they view as significant to the 

phenomenon. Events identified in this instance comprises of descriptions of actions, time and place 

from a subjective point of view. It is taken to reflect the conscious and unconscious motivations of an 

individual along with their interpretations and opinions of the event. In the network context, these 

processes are contributed to an event in different ways by various actors and it is suggested that a focal 

event is used as a tool for analysis as it draws attention on the activities that is most relevant to the 

process concerned. This method claimed to be useful when studying multi-actor and multi-level 

networks using events as a unit of analysis (Halinen et al., 2012). It is versatile in that it allows the 

possibilities of multiple events influencing a particular process and that it can be simultaneous 

processes. 

With the increase in complexity of the phenomenon, it also implies the increase in the complexity of 

research such as the research design, identification of suitable cases and the collection of empirical 

data. Since there is a network of actors involved, but not necessary any formal agreement between 

informal interaction for example, this can pose an issue for identification of the object of study. To 

address the complexities of the phenomenon studied, this paper engages in the use of interviews as a 

research method. Interviews have been described  and debated in many methodological books and 

articles. This research uses the interviews collected and reconstructed them in the form of narratives. 

Czarniawska (2010) describes interview situations as ―micro-cite for the production of narratives, or 

just an opportunity to circulate them, where a researcher is allowed to partake of narratives previously 

produced‖. This spontaneous transformation is seen with interviews that ―aimed at obtaining an 

historical description of a certain process.‖ As such, the way the questions are formulated can 

encourage the form of input from an interview. Through translating and contrasting the different (or 

similar) views of the focal actors‘ accounts, a deeper understanding of the innovation process of 

micro-enterprises is created when constructing these narratives. 

A second round of interviews were conducted which include interviewing other actors involved in the 

innovation journey. Contact was established with these actors along the path of the critical incidents 

by first checking with the main informant. A third round of interviews were initiated with the main 

informants in late 2014/2015 for a follow-up interview on the updates of their innovation process. 
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The selection of these micro-enterprises is concentrated in the Skåne County in Sweden, which is part 

of the Oresund region (the Capital Region of Denmark and Region Zealand constitute the Danish side, 

while Skåne County constitutes the Swedish side). Drawing empirical data from the food industry is a 

deliberate choice for a few reasons. First it is a sector considered being ‗traditional‘ i.e. highly 

controlled by regulations and described as a mature sector with slow growth, populated mostly by 

small firms. However, it is these small firms that are challenging this  long-held  definition  of  

the industry through their innovative process and products. Sarkar and Costa (2008) also described the 

other end of the demand spectrum (i.e. the consumers) as being ‗wary of radically new products and 

changes in consumption patterns.‘ The combined pressure from both production and consumption end 

can undoubtedly create a complexity in managing innovation within this sector. This research provides 

the opportunity to understand and empirically substantiate the innovation experience of 

micro-enterprises in the food industry. 

In this study, preliminary data collection was first collected in 2011 by conducting interviews with a 

focal micro-enterprise which is then followed by snow-ball sampling along its unique network by 

identifying key actors, resources or organizations that contributed to the innovative product/process. 

30 interviews were conducted with micro-enterprises in the food sector and their network actors in 

Sweden in spring 2011, during the period from March to April 2011 either through face-to-face 

interviews lasting 1-2 hours or via telephone interviews with representatives from 28 organisations. 

For the informal networks whose aim was to understand network learning, snowball sampling was 

conducted beginning first with the owners of the SMEs and contacts were provided where interviews 

were set-up. Semi-structured interview guides were utilized to assist the interview process. As this 

study is conducted from focal actors viewpoint, data is collected mainly through their involvement 

with the innovation process case. 

After the contacts‘ particulars were obtained, interviews were requested when providing the 

background of the study. Each interview typically takes between 30 minutes to 90 minutes and was 

conducted in English, with some Swedish terms used during the conversation where necessary. This is 

viewed as essential not just to preserve the integrity of some uniqueness to the Swedish expression but 

also to build rapport with these actors as they recollect the context around the events highlighted. The 

Swedish inputs from the interviewees were translated to English to be used in the text. These data are 

subsequently built into case studies to narrate the innovation journeys of the focal micro- enterprises. 

In addition, search for press releases, new paper articles, reports on funding by governmental agencies 

that is available publicly are searched and double-checked against information provided during the 

interview. This helps to provide the details, which might not be possible to recollect in whole details 

during the interview. Case study is chosen as the final mode of delivery of the results as it allows an 

understanding into the deeper structures of factors influencing the innovation journeys of 

micro-enterprises. It is also an appropriate method evident in studies of processes which documents 

the context and reveals the complexities in which processes occur as in real-life situations (Halinen 
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and Törnroos, 2005). 

6. Findings and Interpretations: 

Due to the fulfilment requirements for this paper, this section provides a brief summary of the two 

cases and interpretations of the findings. 

Case 1: Managing Sugar Spikes 

This case describes the process of commercializing two University researchers‘ innovation of the use 

of amino-acid mixture to regulate blood glucose or the glycaemic index. The critical events identified 

for this case is in relation to their patent filing and funding process. While they  are  considered 

university spin-offs and embedded within the University Innovation system, they went through various 

roadblocks with their first patents. This included them having to set-up a company to house their 

patent after the University Innovation system indicated no interest in maintaining the patent after the 

first two years. The navigation process from setting up their first patent and subsequently seeking 

funding for further development and commercialization of the patent may be a familiar story to most 

micro-enterprises. In this paper though, this process is viewed through the ARA model and the actors, 

resources and activities layers linked to these critical events are analysed. 

The critical events encountered in this case highlight the need for  micro-enterprises to possess a 

relevant network of actors to successfully carry out their innovation process. While the innovation 

itself began in the context of University research, this did not guarantee a linear progression of 

innovation as posit in some innovation studies. The empirical reality showed that micro-enterprises 

need to not only position themselves as owners of a patent but also need to engage in the process of 

legitimation as they try to establish themselves in the market and also for funding opportunities. These 

processes of establishment involve reaching out to their networks and establishing new ones. The 

process of legitimation is two-fold. The first - activities being linked to the establishment of a new 

company and the second being the research being supported by industry through the adoption of the 

patent findings. 

There are still reservations for small companies when utilizing actors in micro-enterprises‘ network, as 

they need to consider the context and future possible interactions. This is also an important 

consideration even when building up and using the networks. It is not uncommon to find actors 

holding multiple roles in the network and this is an indication of the tightness of the innovation 

process being revolving around particular clusters or network around the  micro-enterprises‘ 

environment. These indicates that the actors hold the access to resources which may be more than one 

appropriate for each phase of the innovation process. The strength of the ties in this network has two 

main characteristics – namely the amount of time and the reciprocal services. In this case, the 

collaboration with another University spin-off company helped provide the edge for them to advance 

both in terms of commercialization of their patents and also funding opportunities. 

The observations from this case also seem to indicate that innovation process for micro-enterprises is 
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more of a process of adaption rather than a deliberate process. This may help shed some light on the 

constant pondering of why some micro-enterprises innovate while others do not. The circumstances 

and conditions surrounding the micro-enterprises influences the opportunities available and 

opportunities that are acted upon to innovate rather than the characteristics of micro-enterprises alone. 

This case also illustrates that due to the interrelatedness of the various actor, activities and resources 

layers, it can be difficult to separate the actors/activities/resources required for the innovation process, 

indicating a need for a novel way at looking at the innovation process of micro-enterprises. 

Case 2: The Honey Group 

This case describes the innovation process of the use of lactic acid from bees by two University 

researchers. In 2007, these two University researchers  started the company after rejecting  buy-out 

offer from a large ingredients company in Denmark with a view to commercialize the applications of 

their discovery and translate it into actual products in the areas of functional foods, veterinary and 

human medicine. In 2010 they launched their first product H13 as a form of recovery drink from 

hangovers. The product line has since expanded to cover H13 for use as a form of energy supplement 

for daily or training purposes. The company also offers consultancy and licensing rights based on their 

patents. They also set up a daughter company which was concentrating on the application of their 

patents on the area of animal feed and wound care. The company is currently seeking crowd funding 

after changing out their major board members in early 2015. 

The team have experienced various critical moments in the innovation process. For this paper, two 

particular episodes are highlighted. The first relates to their experience on the collaboration of their 

research findings. When they began collaboration with some American researchers they met at a 

conference before formal collaborative agreement was signed, they encountered the risk of losing their 

research. The involvement of the University and the state subsequently helped resolved the issue in 

their favour and also attracted investment into the company. The second relates to the recent 

reorganization of their company after a period of leave by the two researchers, who were also partners 

in their private life. The board members included investments from both private and public actors had 

worked on attracting more investors into the company. This had meant that the two researchers who 

had held majority shares till now would have to part with their share in the company in order to accept 

new investments. There was disagreement on various levels between the parties. This ended up in the 

dissolution of the board members by the exercising the right by the two majority owners. Examining 

the critical incidents along the actors, activities and resource layers of the ARA model suggests a few 

observations. 

The first relates to the concept of absorptive capacities being an important prerequisite for innovation 

performance. This case highlights the evolvement of these capacities to be part of the innovation 

process. These may differ greatly from case to case basis due to the combination of actors, resources 

and activities, which makes each innovation process different. One of the way in which these 

capacities are developed along the innovation process is through the connection to key actors when 
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building up micro-enterprises‘ network. These connections not only provide access to resources but 

also form an important form of partnership for the innovation process of micro-enterprises. While 

emphasis has normally been placed on seizing the opportunities to build up the scope of the network 

and build partnership, this case illustrates the importance of the content aspects of the network and 

nature of contacts (Zhao and Aram, 1995) . 

This second observation illustrated by the case shows the tension between dependency and 

independency of micro-enterprises. While it is widely recognised that micro-enterprises lean on 

external resources, the characteristics of the entrepreneur ‗spirit‘ does not diminish with this 

dependency. It can even be made more intense because of the increasing dependency on external 

resources. The innovation process may dictate the type of networks established around the micro- 

enterprises and ―the view of networking as an action that makes a difference in resource acquisition 

and firm success‖ (La Rocca and Snehota, 2014). Through the perspective of examining  the 

innovation  process of these micro-enterprises through understanding the workings of the actors, 

resource and activities layers via the identified critical events the complexity in this process is 

emphasized in a more structured manner. 

7. Conclusions 

Microenterprises such as university spin-offs are considered a way of bringing research into the 

marketplace. However, they do have certain characteristics such as having an established network 

within the University environment and/or having little industry experience. This limitation is often 

addressed by bringing in industry experts at the management level (Storbacka and Nenonen, 2015). 

The emphasis on business relationships to assist microenterprises in embedding into business networks, 

which provide access to external resources, have been emphasised by many studies. This paper tries to 

look beyond that and examined these relationships in the context of how they influence the innovation 

process of micro-enterprises. What the analysis shows is that these relationships not only allowed 

access, but also help create, combine and in some instances, destroy resources. The ARA model has 

guided the analysis framework to examine these actors, resources and activities layers of the 

innovation process when it is most critical. The micro-level perspectives highlight the need to look at 

these actors bonds, resource ties and activities links during the interactions along the innovation 

process. These have an impact on the success of innovation in micro-enterprises. While emphasis has 

been placed normally on investment of the economic form, there are also relational investments by 

these micro-enterprises that may have been overlooked in past studies. 

One implication of these is for microenterprises to identify the type of network they are building up or 

trying to get embedded in. The scope of the network may not be as important as the interaction of the 

actors, resources and activities in the network. The type of investment is not just one on the aspect of 

time spent but on the building up of relationships. For policy makers, there often exist various methods 

in different countries to assist these microenterprises. One of the more common forms of assistance is 



 

 119 

through offering financial grants, but this paper wishes to highlight that it needs to be combined with 

the right delivery (through combination of actors and activities for example) to be made more effective.  

In these two cases, even as they can be recognised as University spin-offs This paper contributes to the 

understanding of the innovation process of microenterprises, what matters to them and what influences 

them. While innovation process have more and more  been recognised as non-linear, but there have 

not been a deliberate study of how non-linearity of the innovation process. This research offers a 

suggestion in terms of the ARA model framework on the basis of understanding the interaction in the 

focal networks when microenterprises encounter critical events. The cases also illustrate how the 

selection of actors, resources and activities has bearings on the progression of the innovation process. 

It suggests that there is an (need) alignment that happens during this innovation process. Networks that 

are build up during this process of co-creation creates a tension for the microenterprises in a state 

caught between being dependent and maintaining their independence. There is also consideration to be 

taken for key actors in networks which holds the reins to not only access to one resources, but may be 

responsible for future development in resource ties and also activities links. This aspect on the 

multiple role of actors in the network of microenterprises during the innovation process have not been 

given much attention in literature. The ability to interact between resources (Bizzi and Langley, 2012), 

actors and activities and having the right combination of interaction between these layers can be the 

distinguishing factor that determines if these microenterprises would be able to continue to a 

successful innovation process or one that fails to take off. These two cases are among the four cases 

that will be presented in the final thesis and as these companies are around an average operative age of 

3 to 5 years, the innovation process is still an on- going one.  Hence while the current findings shows 

an indication of the possible areas of studies, there is a possibility to conduct a longitude study to 

further gain insights into this phenomenon. 
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1. INTRODUCTION 

Bridging the gap between academic research and the application of research to address market 

problems is one of the most challenging issues for universities in present century. This challenge arises 

from the fact that ―universities and businesses are very different; a university is not meant to be like a 

company, nor a company designed to be like a university‖ [1]. Dr. Ruth Graham founder of R H 

Graham Consulting Limited in her recent benchmark report stated ―Governments across the world are 

looking to technology innovation as a driver for national economic growth, and to universities as the 

incubators of this national capacity‖ [2]. Thus there is growing public expectation to the universities to 

become distinct leaders in innovations which perfectly corresponds with the Triple Helix concept.  

Special university programs and initiatives are one of the most promising solutions to help scientists 

reveal the market potential of their ideas and discoveries. Such activities set research goals with a 

consideration of society needs and have a strong focus on further technology transfer and 

commercialization. Unquestionably, they can‘t and shouldn‘t substitute common teaching process and 

basic research in university ecosystem, but rather create third dimension for those people from inside 

and outside university who would like to build a bridge between ideas and their applications. 

Following this way requires guidance, advice and assistance that are available in the outer world and 

should resonate with efforts and structures inside university.  

2. STATE OF THE ART 

Since early 90-th concept of translational research has appeared in the healthcare and biotech space [3]. 

It was defined in literature as engineering research that aims to make findings from basic science 

useful for practical applications [4]. Thus this term describes translation of a scientific discovery from 

a domain of basic research to the domain of real world needs that are answered by scientists through 

building of prototypes, laboratory and field testing, talking with industry and potential customers and 

even marketing studies.  

In the present century this approach started to be practiced in various other fields of science and its 

core element is now commonly referred as Proof of Concept (PoC). For less than ten (10) years a 

number of university PoC centers and programs were established worldwide [5]. Such initiatives 

already proved to be very useful for acceleration of knowledge transfer from universities to the 

marketplace and are in full compliance with a Triple Helix concept.  

At the present time leading universities all over the world have already established their own PoC 

centers or collaborate with external PoC entities [6]. Flow of best practices from the most successful 

of them to the rest of the world was started around 2010. For example, MIT Deshpande Center 

transferred its methodology to Portugal, Singapore, Saudi Arabia and Russia [7].  

Translational research is especially important for fast-developing countries. Participation in PoC 

programs encourages scientists to analyze cutting edge technologies and products that are already 

available at the market including their strong and weak points in order to create next generations of 
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competing solutions. Transfer of their developments and prototypes from labs to industry should 

support expansion of national economy and strengthening positions at global high tech markets.  

However development and growth of PoC centers faces various challenges [5,7]. At the present time 

there is still no common practice to establish such units in academy environment but a number of 

success stories from different countries and universities [6]. Different approaches and potential 

solutions might work well in one ecosystem but fail in the others.  

One of the key questions of structured PoC  program in university is how to guide scientists from 

having experience in basic research to the point when they are ready for technology transfer either by 

means of licensing to existing company or establishing their own start-up. In many if not most PoC 

centers and programs such supervision is achieved through mentorship.  

Various definitions of mentorship are known: in most of them key aspect is a knowledge and skills 

transfer from more knowledgeable person to a less experienced one in the framework of a personal 

developmental relationship. Despite the fact that mentorship is commonly appreciated in PoC there are 

few studies which are describing its mechanisms and challenges. The present paper reveals this topic 

through experience of Skoltech Innovation Program (the Program or SIP) which was launched in the 

Skolkovo Institute of Science and Technology in 2012.  

3. PROGRAM DESCRIPTION 

Comprehensive description of SIP is available at the institute website (http://sip.skoltech.ru/en/) and 

for the first time was reported and published in 2014 [7]. The Skolkovo Institute of Science and 

Technology (Skoltech) is a private graduate research university in Skolkovo, Russia, a suburb of 

Moscow. Established in 2011 in collaboration with MIT, Skoltech aims to educate global leaders in 

innovation, advance scientific knowledge, and foster new technologies to address critical issues facing 

Russia and the world. Skoltech is organized as a permanent, modern, international university with a 

physical campus for research and education which at the moment is under construction phase. 

Skoltech plans to have five primary education and research programs, corresponding to priority areas 

in Information Science and Technology, Energy Science and Technology, Biomedical Science and 

Technology, Space Science and Technology, and civilian Nuclear Science and Technology. Four of 

these directions (except for civilian Nuclear Science and Technology) are already available for 

students and provide Master‘s and Ph.D. degrees to be granted by Skoltech. 

The Program was launched in the institute in 2012 as the result of collaboration with MIT Deshpande 

Center and based on its excellent ―Select-Direct-Connect‖ methodology. It was originally titled 

Innovation Support Program or ISP and further renamed into Skoltech Innovation Program. The SIP 

competitively awards translational research funds and provides mentors for selected research project 

as a means to bridge the gap between the laboratory and the marketplace and to serve as a catalyst for 

innovation and entrepreneurship in the academic and university research ecosystem. MIT delivered 

support and knowledge transfer to Skoltech in the form of ongoing discussions of best practices, and 

http://sip.skoltech.ru/en/
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by providing US mentors (so called catalysts) for the project teams. MIT also assisted Skoltech in the 

review of the selected projects and facilitated process development of the ISP and SIP grant programs. 

Rigorous peer reviewed two stage evaluation process was established to identify PoC research projects 

with a high potential for commercialization. Contest winners receive financial support for a period 

from one (1) to one and a half year to realize PoC studies. The goal of SIP is to help the principal 

investigator (PI) reduce the research technology and market risks, by fostering the proof of concept 

and providing assistance with advancing their technology towards commercialization. The SIP grants, 

and catalysts (essentially mentors with relevant industrial or entrepreneurial experience [7]), support 

the PIs with pre‐start-up (or technology spin‐out) identification of market opportunities, certain 

question related to intellectual property management, and team development. Thus, the SIP is funded 

and led by the Center for entrepreneurship and innovations at Skoltech and was implemented with the 

support and guidance of MIT. 

Catalysts play key role in ―direct‖ function which helps to reduce the technology and market risks in 

translating of ideas into proven results. Their support is also very important at the ―connect‖ stage 

when research teams are linked with potential end users, industry, government and potential investors. 

Generally, MIT Deshpande Center network catalysts are seasoned entrepreneurs with strong technical 

background, and years of working experience in high-tech industries. These individuals poses deep 

understanding of markets and venture capital. They are volunteers and unlike, for example, von Liebeg 

Center at UCSD, work with the teams on volunteered basis [8]. Due to MIT support in Skoltech‘s case 

it became possible to link every selected team with two mentors: one of which was from MIT network 

and the other – from local entrepreneurial community in and around Moscow area.  

For most of the teams frequency of interaction with the catalysts was relatively low – commonly, not 

more than one or two e-mails or Skype calls a month. This was true for connections with both local 

and foreign mentors. The intensity of interaction was growing by the time of every networking event 

as the teams had had to prepare project talks. Mentor support was usually requested before meetings 

with potential partners in industry or to discuss customer feedbacks. 

In 2014 special review was carried out to understand major barriers in the interaction of the teams with 

their catalysts and potential for further improvements. The results are presented in Table #1. Three 

types of interaction of the teams and their mentors are summarized in Table #2 and analyzed below.  

4. METHODOLOGY AND RESEARCH FOCUS 

In this paper the authors are trying to analyze the role of mentorship as a tool to support PoC projects. 

The following topics were selected for discussion: 

1） Mentor selection; 

2） Increased effectiveness of PoC projects by means of mentorship: evidences and ways to measure 

impact of mentor; 

3） Models for interaction of mentor and PoC project team.  
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The analysis is based on the results of the personal in-depth interviews with the Program participants 

from early 2013 till the end of 2014 as well as written responses. Over 100 feedback forms were 

collected and processed during this period of time.  

The authors are looking for answers to the following questions: 

 Which criteria should be considered when selecting mentors for University PoC program? 

 How frequent should be the interaction of the mentor with project team? 

 What barriers appear in such interaction? 

 Should the interaction of mentor and PoC project team be based on general advisory, consulting 

or project management style? 

5. FINDINGS AND INTERPRETATION 

One may ask the following general question: what is the purpose to introduce mentor in PoC project? 

Let‘s consider big picture first. While there are numerous papers and observations that support the 

argument of mentorship value most of them are stating the same idea. Chrissy Scivicque expressed it 

in her contribution to Forbes saying: ―mentors are amazing people. When you take the time to develop 

a strong mentorship relationship, you get access to a wealth of knowledge and experience, but you also 

end up with a lifelong friend and potential future business partner‖ [9]. The last statement is especially 

important for university PoC projects as scientists are novices to the world of business and they tend to 

look for trustworthy persons who could introduce them to new community and potentially become 

their partners or even a CEO.  

As already mentioned key component of the mentorship is knowledge and skills transfer. Thus as a 

starting point we consider a hypothesis that University team at the entrance to PoC program has a lack 

of certain important knowledge and skills which are necessary to achieve project goals while their 

catalyst may bring these competences into the game. As every PoC project commonly faces two major 

risks – technical and marketing – one might assume that ideal mentor should possess excellence in 

both understanding of the project as a scientist and engineer as well as experience in corresponding 

business as marketing expert, technology marketing professional, CTO or similar. However putting all 

these requirements together in most if not all cases makes the chance to find such individual equal to 

zero. It also raises another question: if one imagines such kind of individual is available for 

mentorship, what should be an expectation towards knowledge and skills of a university team entering 

PoC program?  

An explicit analysis of all possible cases arising from those questions is outside of the scope of the 

present paper. Following to MIT Deshpande Center Skoltech considers and through selection process 

makes sure that participating teams possess unique scientific knowledge and have certain research 

background and (may be, but not necessary) some engineering skills that should allow creating 

feasible prototypes. Thus expectations from mentor are shifted towards his or her skills in business 

related questions. However it is still important that such mentor should have certain experience in 
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some adjacent fields of science and technology to decrease communication barriers with the team and 

to be ready to share experience of new products development, technologies launch and similar. 

Although it may become extremely hard task to select a mentor with an experience directly related to 

the topic of a project it should be always considered as a priority. 

It is clear that mentor should stay in a position of an authority to university team otherwise it is hard to 

expect that both PI and other team members will eagerly follow guidance or will consider seriously 

mentor‘s recommendations and advice. Thus such an authority should be based on some personal 

achievements which in very first approximation should include excellent career path and a degree in 

science and technology usually combined with a profound business experience. Being a graduate of 

Top world University and having a successful experience of 10+ years in high-tech start-ups 

transforming them into business and new products/solutions will be a best match. Several examples of 

mentors CVs were published previously [7]. 

Such approach results in a number of criteria for selection of mentors: 

-Excellent University background; 

-Experience of creating or working for start-up company or experience in high-tech industries as R&D 

specialist, product development or research manager or similar; 

-Connections with VC community, business angels and investors. 

Consequently within SIP we consider that mentor who corresponds to such criteria should be able to 

build effective communications and serve as an authority for university team. Nevertheless it was 

interesting to check in reality how the teams participating in SIP consider value of interaction with 

their mentors and which critical issues appear on this way. Special survey was performed in 2014 to 

answer those questions (Table #1). 

Analysis of the collected data shows that the overall interest of the catalysts to work with the projects 

was considered by PoC program participants as intermediate between average and good (3:4 votes) 

while none of the teams indicated that their mentor was not interested at all. It doesn‘t seem to be 

surprising as the catalysts (besides the only exception explained below) agreed to join the program on 

voluntary basis. The teams also noted sufficient level initiative from the catalysts, their openness for 

communication and proper evaluation of the team‘s progress.  

Almost all teams mentioned that their catalyst could make larger input in the project development, but 

found difficult to explain what should have been done differently. Only one of the teams clarified that 

their project had seemed to be considered by mentor not as University research but business, thus they 

couldn‘t follow guidance having lack of skills and resources. It is interesting to note that most of the 

teams answered ―Rather yes, then no‖ to the questions: ―Would you agree to see your catalyst as a 

co-founder of the possible start-up based on your development?‖ and ―Do you consider your catalyst 

as an unambiguous leader?‖. 

Thus the results of the survey showed that the teams were generally satisfied and gave few critical 

comments into two major topics: 



 

 128 

Mental differences and language barrier (mostly attributed to the case of foreign catalysts); 

Concerns of the teams on the lack of resources and knowledge to follow catalysts recommendations 

including absence of skills and required infrastructure. 

One of the teams which indicated lack of resources and knowledge issue was grateful to their catalyst 

for showing ―hard due to current circumstances but unquestionably correct way to develop project 

further‖. As a result our experience with SIP proved that value of mentorship support for PoC program 

is very significant especially if the program follows to MIT-styled select-direct-connect methodology. 

Another important set of questions is how a mentor should interact with project team. Should a mentor 

always express initiative or rather wait for his (her) team requests? How often should they interact? 

How one could measure effectiveness of such interaction? While seeking answers to those questions 

we have viewed several major types of team-mentor interaction situations and classified them into 

three distinct modes (Table #2): general advisory, consulting and project management.  

In case of SIP general advisory was observed most commonly. In such mode mentor is communicating 

with project team on per request basis. It doesn‘t happen often: typically once during one-two months 

when project team meets certain questions in its project which (from PI and other team member point 

of view) are worth asking. In such case e-mail is usually selected as a communication tool. In case of 

SIP request-to-response time was usually in the interval from few days (most common) to a couple of 

weeks. In most cases answers include set of ideas and suggestions and quite often useful links. 

Mentors were not suggesting solutions but rather shared some relevant experience that could be used 

as guidance for those seeking for such answers.  

Next we have observed consulting styled interaction between team and its catalyst. It is different from 

the one described above due to the fact that mentor starts looking for potential solution to the question 

or issues suggested by project team. In such case Skype or phone calls are used much more often as 

they help to make communication more intensive. During the period of such consultations interaction 

may happen each week (most usually two-three times a month). Initiative for contacts is equally 

shared by all participants: University team normally wants to get and test solution to their question or 

issue, while mentor would like to track what happens as a result and may initiate additional calls to be 

sure things go in the planned direction. Thus the main difference with general advisory is that mentor 

acting as a consultant starts to be involved in implementation of suggested solutions and even may 

share responsibility for the outcomes.  

Since the launch of SIP catalysts were supporting their mentees in general advisory mode: they were 

giving advice on request basis, but were not proactive and didn‘t control actual performance except for 

the SIP conferences reports. On the one hand it gave maximum freedom for researchers to perform 

their PoC, while project milestones control was done by SIP team at Skoltech. On the other hand it 

became clear that many of the program participants tend to stay in their comfort zones – doing 

research in their labs without really trying to move the results further on. Only few cases were 

observed for project consulting interaction – mostly due to initiative from some of the mentors.  
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From our perspective this observation gives very important insight to universities which would like to 

establish or improve their PoC programs. It is quite obvious that mentors who join PoC program on 

volunteer basis and are not paid for their efforts will in most cases act in general advisory mode. If 

scientific team applies for PoC grant just to get extra finance for its research and doesn‘t have strong 

intention to make impact then there will be no sense in its linking with mentors. While some mentors 

may still be interested to participate (for example, it may be quite prestigious to be connected with 

certain university) their experience will be hardly transferred to mentees. Thus under such conditions 

general idea to assist development of new knowledge and skills useful for technology transfer can‘t be 

realized through mentorship.  

From our standpoint there are two general solutions to the above mentioned issue. On the one hand 

selection process should become more sophisticated with emphasis to the analysis of the participants 

motivation. One the other hand if the research team has a latent potential (which could be exposed 

under certain circumstances) it might be useful to try energizing interaction on the mentor side.  

In order to check if PoC mentorship may be done in such a way in October 2014 Skoltech hired one of 

the local catalysts on the basis of paid service agreement and asked him to act more proactively and 

almost as a project manager. As a result a system of weekly meetings with regular planning and 

reporting approach was introduced in one of the supported projects. Every weekly report included 

section of project plan with updated status, achievements and issues. Since that time visible progress 

was observed. Probably the most important thing was the explanation of industry standards and 

training of the team members to fulfill existing requirements of potential customers. This allowed the 

team to realize how and what they should start changing in their project to make it successful.  

Thus direct involvement of the mentor in the ―project manager‖ mode helped to accelerate PoC. No 

noticeable drawbacks from this initiative were observed. It may be concluded that regular weekly 

interaction with mentor may be useful for teams with lack of industry experience and newcomers to 

translational research.  

So what are the pros and cons in such an approach? Obviously the financial side is an additional 

burden on the PoC budget. Not every PoC center may allow such mode of operation especially if it 

becomes its common practice. One of the potential solutions is to combine all described models, but at 

the same time there must be clear difference in value and involvement of a mentor so that other 

distinguished mentors working on voluntarily basis understand that as well. 

One cannot implement ―project manager‖ approach when there might be a conflict between mentor 

and  PI. After all it is PI‘s research project and there must be absolutely full trust and respectful 

relationship between the two. PI should clearly understand and support mentors role. PI‘s interest 

might be very different. For example: one might be interested in developing certain skill set within the 

research group or requires to pass certain milestones within the project where mentors knowledge and 

experience are extremely important. In that case mentors involvement on a paid basis could be limited 

in time. 
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On the other hand it is also clear that university culture is not always a perfect match for industry 

approach in achieving goals. If mentor acting as a project manager only requests regular reporting and 

puts pressure on research team to achieve next milestones it may dramatically reduce creativity of the 

team and make scientists loose interest in doing PoC studies – it is a worst possible result to be 

considered. So it is of vital importance for a mentor to find a reasonable balance in communication 

with all participants of PoC project.  

Conflict of interest (CoI) is another important issue that should be always monitored and guided if 

necessary. Commonly it is assumed that before joining PoC project its mentor should declare absence 

of potential CoI. However situation may change at the time of project realization especially if research 

team will be able to demonstrate remarkable performance and produce attractive prototypes with high 

potential for commercialization. In such case a mentor may need to reconsider his or her role and 

suggest research team to discuss and set possible conditions of further alliance. It is also a 

responsibility of PoC program administration to develop certain rules and policies to avoid CoI at the 

very beginning of the projects as well as to make sure that possible cases will be probably managed 

with a time going.  

Thus adding mentors to PoC projects appears to be a sophisticated matter both for PoC program 

administration, PI and research team as well as for mentors themselves. Acceleration of research 

project may be achieved only in case of proper mentor selection and proper choice of the interaction 

mode between mentor and PoC team.  

6. CONCLUSIONS 

1.Translational research and PoC play important role to facilitate knowledge transfer from University 

to marketplace. This concept proved itself in leading economies of the world and is believed by the 

author to be extremely useful for countries with developing economies. 

2.One of the challenges in building PoC center or program is to make research teams leave their 

comfort zone – doing basic research in lab environment. The transformation can be assisted by 

involvement of experienced mentors in their projects.  

3.Interaction of the teams with their mentors faces certain barriers. Most of them are attributed to the 

communication issues and lack of certain skills while impact of required research infrastructure should 

be also considered.  

4.Project support may be realized in several modes. Mode of choice largely depends on team 

background and ability of the PoC program to find appropriate mentors. Corresponding decision 

should be taken at early stages of a project.  

7. DIRECTIONS FOR FURTHER RESEARCH 

Within a next cycle of SIP the authors plan to continue analysis of the interaction between the PoC 

program participants and their catalysts in order to support the growth of mentor community and 

maximize value to be delivered to the projects. At the same time it is still uncertain how to measure the 
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efficiency of such interaction. This topic should become subject of further research.  
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Table #1: Evaluation of the catalysts by the participants of Skoltech Innovation Program in 2014  

Question Suggested answers Number of 

votes 

How would you measure the overall 

interest of the catalyst to work with your 

project? 

High 4 

Average 3 

Low - 

Have your catalyst expressed enough 

initiative in communication with your 

team? 

Always  3 

Normally 3 

Sometimes 1 

All initiative comes 

from the team 

- 

Do you think that the catalyst properly 

evaluates your work towards 

development of the project? 

Yes 3 

Rather yes, then no 4 

Rather no, then yes - 

No - 

Do you think that it is hard for your team 

to follow advice from your catalyst 

considering missing infrastructure or 

other peculiarities? 

Yes 3 

No 4 

Other(please, 

explain) 

1* 

Would you agree to see your catalyst as a 

co-founder of the possible start-up based 

on your development? 

Yes 1 

Rather yes, then no 6 

Rather no, then yes - 

No - 

* the team agreed that it is hard to follow guidance, but the direction was absolutely correct 

Table #1: Evaluation of the catalysts by the participants of Skoltech Innovation Program in 2014 

(continued) 
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Question Suggested answers Number of 

votes 

Do you consider your 

catalyst as an unambiguous 

leader? 

Yes - 

Rather yes, then no 4 

Rather no, then yes 2 

No - 

Other(please, explain) 1** 

How open is your catalyst 

for communication? 

Open 4 

Open to a certain 

extent 

3 

Other(please, explain) - 

What are major reasons for 

reduced communication? 

Difference in 

mentality 

1 

Difference in age - 

Language barrier 2 

All above mentioned  

We don‘t experience 

difficulties 

4 

Other(please, explain) - 

Is your catalyst capable to 

energize you? 

Yes 4 

No 2 

Difficult to answer 1 

Do you think that your 

catalyst could make larger 

input in the project 

development? 

Yes 1 

No - 

Yes, to a certain extent 6*** 

 

** there was no clear explanation given for this answer 

Table #2. Three modes of team-mentor interaction observed in Skoltech innovation program. 

 

 General advisory Project consulting Project management 

Frequency of 

interaction 

Once per 1-2 month Once or a twice a 

month 

Once per week on regular 

basis, extra communication 

if needed 

Communication 

channels 

E-mails (most 

common), Skype, 

phone calls 

Skype (most common), 

e-mails, phone calls 

Personal meetings, e-mails 

to fix results, and Skype for 

urgent/unplanned matters 

Initiator Project team Both project team and 

mentor 

Usually mentor (acting as a 

manager) 

Outcomes Set of ideas/ 

suggestions and quite 

often useful links  

Potential solutions to 

be checked, 

recommended actions 

to be done 

Project plan with updated 

status, achievements and 

issues, regular reporting to 

the management of the 

program 

Paid service (in case 

of SIP) 

No No Yes 
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1. INTRODUCTION  

The role of each country in the world economy and politics of the XXI century is defined by its 

application of high-technologies - strategic indicators of the economical, political, defense power and 

national status of the country in the world. During the transition of the world economy to the sixth 

technological cycle Russia must choose the technologies and sectors where the country has 

competitive advantages and process stocks. In order to identify these technologies there should be 

used indicators of innovative activities.  

Technological regimes are characterized by continuous periods of economic growth through 

sustainable changes in production. Successive substitution of technological cycles is implemented via 

investment back-logs and creation of leading scientific, technical, engineering technologies - 

important strategic resources of the state economy. One of the key factors of economic superiority is 

commercialization of innovations (intellectual property and intangible assets). 

The present  study aims to research  two major  issues:  the development of a system of indicators 

for the analysis of the economic situation during the dominant and emerging technological cycles and 

building  a neural network model of techno-economic development on the basis of selected indicators. 

The present article focuses on the first task.  The authors suggest  that based on the world 

developments of long-term forecasting models of economic growth an enhanced system of 

technical-economic development  can also include a group of innovation indicators. 

The study of most significant indicators involves  the construction of a neural network model and 

training it. In the process of training a neural network model inputs indicators ranked by level of 

importance and allows to identify the most relevant indicators. Some of the indicators can be discarded 

without affecting the quality of the built network model of the technical-economic development. This 

principle can be applied to governance and policy modeling.   

2. THE DOMINANT AND EMERGING TECHNOLOGICAL CYCLES 

For two centuries, since 1770, the economies of major countries have past six technological cycles. 

According to the theory of Nikolay Kondratiev, scientific and technological revolution develops 

wavelike, with a several decade length of each cycle. A well-known Russian economist Sergey 

Glazyev, relying on ideas N. Kondratiev, introduced this scientific concept all over again and has made 

a significant contribution to the theory of technological cycles. Description of the six technological 

cycles is well represented in the scientific and popular literature. The present study is to focus on 

assessing the potential in the fifth and sixth technological cycles for Russia. The most important are 

the following characteristics: 

Fifth technological cycle (estimated 1985-2035) is based on the achievements in the field of 

electronics and microelectronics, nuclear energy, information technologies, genetic engineering, the 

beginning of nano-and biotechnologies, space exploration, satellite communications, video and audio 

equipment, the Internet, cell phones, globalization with rapid moving of products, services, people, 
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capital and ideas [6].  

Sixth technological cycle (estimated 2010-2050) is characterized by using molecular, cellular, nuclear, 

laser, nano-and biotechnologies and robots, artificial intelligence, compact and super efficient energy; 

hydrogen as a clean energy source; new medicine, appliances, means of transport and communications; 

stem cell engineering of living tissues and organs;  significant increase of life span of humans and 

animals; high humanitarian technologies [14]. 

The essential characteristic of the process technological cycle rotation: discovery, invention start much 

earlier than mass development and application. So far, the origin is in one technological cycle and the 

massive use in the next one. This is reflected in the structure of national economies: the transitions 

between technological cycles are characterized by a coexistence of different technological structures in 

each historical period. Thus, what concerns the  Russian economy, equity contribution is still in 

mining, metallurgy, transport (Fig. 1). 

Figure 1. Investments in core capital divided by sectors of business activities (excluding the 

production of weapons and ammunition) in Russia from 1992 to 2011, % [5,7,8] 

 

 

 

The graph above shows the dynamics of change in the share of investments in: industry - including 

electric power, oil, gas, coal, metallurgy, woodworking, light industry, food, agriculture and 

construction - including forestry and fishing, transport and communications - including transport via 

pipelines, providing services - including housing and communal services, social services - including 

education, health, culture, sports, public administration and defense, compulsory social insurance 

[4,5]. 

At a time when the next the technological system reaches maturity, the investment in the previously 

attractive areas become unprofitable. For investors, the real surprise is always there, in those moments 

financiers don‘t understand where to invest resources. The transition to a new long wave of the 

economic development happens only a few years after the investor becomes aware of where to invest, 

and science has to offer a set of new technologies. It takes some time until the capital finds application 
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in industries of a new technological regime. In other words capital moves to new technological sectors 

of the economy, in which the management is ready to be moved [6]. 

Russia still has an opportunity to bet on new technologies of the sixth wave to climb up. Those who 

catch this wave get enormous profits and the intellectual rent is used to build up competitive capacities. 

From a technological point of view it is necessary to rely on advanced development [10]. 

Countries which actively develop and implement technologies a new way, are the leaders (England – 

2
nd

 regime, the USA, Japan, Korea – 4
th
 regime, the U.S., China, India – 5

th
). Russia was one of the 

technological leaders during the period of the Soviet Union - in the 4
th
 regime (from 1930 to 1970) 

together with the U.S., Western Europe and Japan. 

According to S. Glazyev, the sixth technological regime is based on the complex of industries based 

on information and communications, nano- and biotechnologies, genetic engineering and molecular 

biology. Progress in the field of solar cells using nanotechnology is already reducing the unit cost of 

power generation to the level of thermal power plants. What‘s more, sunlight resource is virtually 

unlimited. Obviously, with the change of the energy structure of the world economy, Russian 

specialization on oil exports and raw materials would be ineffective [3,4].  

In the 1930s, Russia used the theory of N. Kondratiev for the dynamic development of the economy. 

"Catching" fourth technological wave the USSR was in the lead, which allowed to be in the forefront 

of the fifth technological regime (the first artificial satellite, the first man in space). This theory has 

helped the developed countries of the West, and then the Asian «dragons» to make an innovation 

breakthrough and be significantly ahead of the rest of the world. Today it is time for ideas of N. 

Kondratiev to be the key for successful innovation and technological leap of Russia in XXI century 

[1,2]. 

3. METHODOLOGY  

In terms of efficiency the most promising solution of the forecasting problem is neural network. 

Cognitive science (or neuroscience) and «smart» systems (interdisciplinary research on a wide range 

of problems associated with mental activity) are the main challenge and direction of development of 

basic science of the XXI century. 

Currently the most powerful tool for long-term forecasting are computer-based simulation methods 

using mathematical macro models, which can objectively describe the dynamics of techno-economic 

development. Such macro models are developed by individual scientists or research teams, as well as 

large consulting and analytical centers and investment companies offering professional services in the 

field of consulting and auditing [11,12]. 

In the framework of the present study the results of expert seminars, as well as the remote expert 

evaluation have been used. An automated information system consisting of modules implementing 

various classification methods for accuracy of the forecast improvement and the algorithm of 

construction of neuro-fuzzy decision tree, as an evolutionary methodology for solving classification 
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problems with adaptation parameters using neural network modeling, have been developed. 

4. FINDINGS AND INTERPRETATIONS. INDICATORS OF INNOVATION POTENTIAL  

A necessary condition for the stable functioning and development of the economy is an effective 

innovation policy, leading to an increase of production, the growth of national income, and the 

development of industries and enterprises. However the fact is that the expenditures and revenues are 

deferred to the future periods and are forward looking. Uncertainty of future results depends on 

economic factors (market fluctuations, prices, exchange rates, inflation, etc.) which are not influences 

by the efforts of investors, and a sufficient number of non-economic factors (climatic and 

environmental conditions, political relations etc.), which can not always be accurate assessed [9,13]. 

Therefore, standard macroeconomic indicators were supplemented by our research group with 

indicators of innovation capacity and performance balance of technological structures of the national 

economy (see Table 1). 

Table 1.  Proposed innovation indicators: 

Subcomponents of  innovation potential  

Financial Personnel Objective Profit and lost 

Amounts of funding of 

the innovation sector by 

the state 

The share of investment 

in GDP 

The number of 

employees related to 

innovation sector 

Their average salary 

Their average age 

Total share of people 

related to innovation 

sector 

The number of 

organizations involved 

in research activities 

Amounts of funding  

of R&D assets 

 

Sales volumes, costs and 

profits relating to 

innovation sector 

The number of exported 

and imported technologies 

The number of patent 

applications filed 

The number of issued 

patents 

 

Figure 2. Advanced metrics of techno-economic development 

 

Also, the indicators which can help researchers to identify trends and signals of the growing 

technological breakthroughs via implicit and indirect signs are of interest. The proposed additional 
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indicators of evaluation of innovative potential are: 

- increase of the number of employees in science and high-techs sector; 

- the amount and structure of venture capital; 

- private funding of R&D; 

- the structure of R&D expenditure on different stages of research; 

- cross-country flows of knowledge, international cooperation in science and innovation; 

- co-operation between firms, research organizations and universities; 

- inter country exchange of results of the innovation process; 

- mobility of scientists and engineers, opportunity to go to study to the leading countries of 

innovative development; 

- increase of financial transactions, including foreign direct investment; 

distribution of information and communication technologies; 

- share of high-tech manufacturing and high-tech services; 

- level of development of market services with increased demand of knowledge; 

- increase of the share of high-tech products in the international exchange of goods, trade surplus of 

high-tech products; 

- acceleration of patenting the results of inventions in the field of high technologies; 

- number of patents of major foreign patent organizations and offices (according to areas of 

activities) in order to identify the "technological peaks"; 

- economic sectors which witnessed ―production booms‖; 

- structure of investments in personnel training in Russia and abroad; 

- analysis of specialists migration; 

-  list of technologies prohibited for sale in the U.S.; 

- copied technologies, long-term programs and priorities in science and technology policy of 

China; 

-  industries with a lot of new companies; 

- dumping technologies (to identify "dying" technologies) 

Thus, taking into consideration the analysis of global forecasts, the segments of the market which could 

be of interest for Russia are to be identified, and the key players as well as the future technologies, 

including new products and services in the long term are to be defined. 

5. CONCLUSION  

Understanding the patterns of change in technological regimes can help to create a model of the 

current macroeconomic processes. Key economic and scientific-technical indicators can be used for 

estimating existing and emerging technological cycles in different countries. Thus, it is advisable for 

Russian analysts and economists to consider the countries, experience of which for various reasons is 

close to Russia, in the context of their innovation policy. 
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In 1990-2000-s new technologies have changed the structure of technological way, creating 

breakthrough industries. Empirical studies show that the integration of new countries in the number of 

technically advanced ones, as a rule, happens in the growing period of the next technological cycle. An 

innovative project of Russia is focused on advancing the research and implementation of technologies 

sixth of the technological cycle, with the acquisition of missing necessary technologies of the fifth one. 

It is necessary to take into account the indicators of innovation capacity and develop an enhanced 

system of techno-economic development. 

6. DIRECTIONS FOR FUTHER RESEARCH  

The key direction of the further research is collaboration with overseas expert in order to extend the 

number of additional indicators of evaluation of innovative potential and their assessment in the context 

of science, technology and innovation policies. 
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1. INTRODUCTION 

Technological cycles are characterized by continuous periods of economic growth through sustainable 

changes in production. Successive substitution of technological cycles is implemented и investment 

back-logs and creation of leading scientific, technical, engineering technologies - important strategic 

resources of the state economy. One of the key factors of economic superiority is commercialization of 

innovations (intellectual property and intangible assets) [1,2,3]. 

The study focuses on the capabilities of the neural network to assess the possibilities of Russia in 

reaching its potential in the fifth and sixth technological cycle. The purpose of this research is the 

development of evolutionary algorithms and tools for neuro-fuzzy inference for science-based 

assessments and analysis of the formation of scientific and technological directions and the List of 

critical technologies of the Russian Federation. 

In the framework of the study the results of expert seminars, as well as the remote expert evaluation (a 

special kind of research, in which experts do not get together, each of them is interviewed remotely, 

and the collective opinion is produced by special integration of opinions) have been used. An 

automated information system consisting of modules implementing various classification methods for 

accuracy of the forecast improvement and the algorithm of construction of neuro-fuzzy decision tree, 

as an evolutionary methodology for solving classification problems with adaptation parameters using 

neural network modeling, has been developed. 

2. SCIENTIFIC AND TECHNOLOGICAL PRIORITIES SELECTION AND THE REVIEW 

OF EXISTING METHODS OF ANALYSIS  

The essential characteristic of the process technological cycle rotation: discovery, invention start much 

earlier than mass development and application. The capital moves to new technological segments of the 

economy, in which the management is ready to move. Countries, which become ready for a new 

technological cycle earlier than others become the leaders.  

So far, national projects on choosing technology priorities require new approaches for obtaining 

objective assessments based on quantitative analysis of empirical data – patent statistics, citation 

information, bibliometric data etc. [4]. 

Foresight methods are developing, over the last ten years extensive experience of their practical 

application has been gained. The efficiency of the combined use of qualitative and quantitative 

methods is being constantly confirmed. The Foresight Triangle, as it is also known, became very 

popular among Foresight practitioners because of the user-friendliness and simplicity of the 

framework. Especially because it helps people to understand that certain proportion of creativity, 

expertise and interaction need to be combined in the process. 
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Figure 1. Foresight Triangle 

In the studies of and Rafael Popper was proposed to add one more top – «Evidence» and thus the 

triangle was turned into a diamond [5]: 

 

 

Figure 2. Foresight diamond 

With regards to the type of knowledge source (based on creativity, expertise, interaction or evidence) it 

is important to emphasize that these domains are not fully independent from one another. However, it is 

http://www.e-elgar.co.uk/search_results.lasso?Author_Name_grp=Rafael%20Popper
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helpful to consider characteristics that can be assigned to each of them, as indicated below: 

Expertise-based methods rely on the skill and knowledge of individuals in a particular area or subject. 

These methods are frequently used to support top-down decisions, provide advice and make 

recommendations. Common examples are expert panels and Delphi, but methods like road mapping, 

relevance trees, logic charts, morphological analysis, key technologies. 

Creativity-based methods normally require a mixture of original and imaginative thinking, often 

provided by technology ―gurus‖, via genius forecasting, backcasting or essays. These methods rely 

heavily on (a) the inventiveness and ingenuity of very skilled individuals, such as science fiction writers 

or (b) the inspiration which emerges from groups of people involved in brainstorming or ―wild cards 

sessions. Various kinds of information (scientific and journalistic articles, interviews with experts, etc.) 

are used to detect events that have low probability of occurrence. They may have a great impact on the 

development. One of the typical examples of wild cards is an accident at a nuclear power plant 

"Fukushima", which forced the international community to take a fresh look at the prospects for the 

development of nuclear energy; 

Interaction-based methods feature in foresight for at least two reasons – one is that expertise often 

gains considerably from being brought together and challenged to articulate with other expertise (and 

indeed with the views of non-expert stakeholders); the other is that foresight activities are taking place in 

societies where democratic ideals are widespread, and legitimacy involves ―bottom-up‖, participatory 

and inclusive activities, not just reliance on evidence and experts (which are liable to be used 

selectively!). Scenario workshops, voting and polling are among the most widely used methods here; of 

course these often require some sort of expertise to apply the method and inform the interactions. Other 

methods like citizen panels and stakeholder analysis are becoming popular because of their potential 

contribution to further networking activities. But it is not always easy to encourage participation and the 

anonymous saying accurately states that ―the world is ruled by those who show up‖. 

Evidence-based methods attempt to explain and/or forecast a particular phenomenon with the support 

of reliable documentation and means of analysis. These activities are particularly helpful for 

understanding the actual state of development of the research issue. For this reason, quantitative 

methods (e.g. benchmarking, bibliometrics, data mining and indicators work) have become popular 

given that they are supported by statistical data or other types of indicator. They are fundamental tools 

for technology and impact assessment and scanning activities (see Porter et al., 1980). These methods 

can also be employed to stimulate creativity (sometimes by challenging received wisdom). And while 

supporting workshops, evidence-based information is quite useful to encourage interaction and getting 

feedback from participants. 

The approaches used in Foresight projects are steadily expanding involving dozens of methods, 

however, the key condition for the success of each project is using the techniques that ensure the 

efficiency of the experts involved. 
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3. METHODOLOGY  

remote examination of expert seminars by means of neuro-fuzzy inference for long-term forecasting of 

scientific and technological development 

The main subject of study is the selection of indicators and criteria of technological alternatives 

assessment. At different levels of the government different national priorities can be identified. The 

«concept of the priority product» is reflected in the project «Methodology of formation, adjustment 

and implementation of priority directions of scientific, technological and engineering development and 

the selection of the list of critical technologies of the Russian Federation». 

«The concept of the priority product» does not exclude the risk of the «impasse» directions as those 

technological and technical solutions that can be represented in the lobbied innovative products 

(services). Dead-end projects can divert substantial government resources and keep under 

technological development. According to the concept most of the critical technologies should allow in 

a relatively short time and with a relatively low initial investment to ensure developing and producing 

of innovative products with great market potential , thereby solving the problem of enhancing the GDP  

and improving the quality of economic growth by increasing the share of high technology products 

[6]. 

In order to improve the foresight accuracy an algorithm for constructing neuro- fuzzy decision tree as a 

tool of an evolutionary methodology for solving classification problems, having such property as 

parameters adaptation and using neural network modeling, has been developed . In a direct cycle fuzzy 

decision trees are based on the algorithm of fuzzy ID3. In the feedback cycle the parameters of fuzzy 

decision trees are based on the gradient neural network algorithm by going from the «leaves to the root 

nodes». 

 

Figure 3. Neuro-fuzzy decision tree 

Thus, based on expert data a neuro-fuzzy decision tree indentifying the list of the most promising 

technologies and scientific trends which can form the sixth technological order, was constructed [7]. 

For a certain set of data the weight class l on m-leaf node is defined as follows: 
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Decision trees are a tool of decision support systems and data mining (data mining). Input parameters 

allow forming the scientific, technological and innovative potential of a country. This includes three 

groups of indicators: human resources, finance and government support. The first group is to 

determine the availability of highly qualified people and scientists, the second and the third ones - the 

size and availability of financing of the advanced scientific and technical projects, as well as the 

degree of government support for innovation activity [8]. 

Thus it becomes possible to assess the efficiency of the innovation process: all kinds of companies‘ 

invests in innovation, entrepreneurial efforts and cooperative ties between the companies involved in 

innovation, intellectual property rights created as a result of the innovation process, as well as payment 

flows in technological exchanges. It is also possible to show the way a country uses scientific and 

technological potential to create new products and technologies. 

The method of remote examination requires a database containing the results of expert interviews. The 

common problem happens when experts of different fields of expertise have different views on the 

priority of technologies. Trying to find a compromise during meetings and briefings often leads to «ice 

jam». Turns out, remote methods of expertise and decision making help to solve the problem. 
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In present study, the results of expert seminars, as well as remote examination method- when experts 

do not get together and each of them is being interviewed in remote access mode and the collective 

opinion is produced by integration of opinions, has been used. The technology provides for individual 

work with each expert, which greatly accelerates the achievement of results. 

The participants of the expert interviews and workshops were asked questions regarding the indicators 

that could be significant in the analysis of the transition to the 6th technological cycle and 

development of the model of their changing. As a result, the indicators of monitoring and analyzing 

trends that allow to assess the dynamics and directions shaping the new technological cycle can be 

divided into 4 major groups: 

1) economical performance - the growth rate of gross domestic product (GDP), gross national product 

(GNP) per capita, living standards, lifetime of the population, the degree of the involvement of the 

state budget and the private sector in the financing of innovations, composition of investments in each 

particular sector; 

2) research and development - R&D costs in relation to the volume of sales of goods, statistics 

showing an increase in publications regarding each particular category (emerging technologies) and 

the increase in patents for each particular category, which can be estimated as a sign of the new 

emerging technological cycle, technological level scientific facilities and resources; qualification level 

of researchers, the structure of R&D expenditures according to each stage of a research project; 

3) geographic, climatic, historical, cultural and psychological indicators - natural resources, 

educational and cultural level of the population; succession of scientific schools and traditions in the 

scientific community; elf-realization of ordinary citizens; 

4) innovation activity - the share of innovative products, including the ones produces using 

nanotechnologies and nanomaterials; investments in promising technologies of the sixth technological 

cycle; the number of R&D; the number of patents and the proportion of implemented inventions; the 

number of employed in R&D; the volume and structure of venture capital; cross-country flows of 

knowledge; international cooperation in science and innovations; cooperation between companies; 

research organizations and universities; inter country exchange of results of inventive activities; 

mobility of scientists and engineers;  foreign exchange of students; the volume of financial 

transactions, including foreign direct investment flows; the proportion of high-tech manufacturing 

industries and high-tech services, the level of the development of market services ―with higher 

demand for knowledge‖; high-tech commodity exchanges between countries; industries which had a 

―production leap‖; investments in training in Russia and abroad; industries and the directions with a 

lot of new companies; "dying "technologies‖ [9]. 

4. FINDINGS AND INTERPRETATIONS. INDICATORS OF INNOVATION POTENTIAL  

Global techno-economic development (TED) imaging through the neural network clustering 

countries 
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The development trend of modern statistics is to create mathematical methods of processing 

observations, and is expressed in a desire to move away both from the parametric assumptions and the 

assumptions about the independence of observations, which are unnatural for many real-life situations 

(e.g. identification, management and forecasting problems). At the same time, there is a lot of 

statistical material on macroeconomic parameters, which can be formalized and evaluated. The subject 

area is so difficult to study that traditional linear estimates are unlikely to reflect the real dynamics of 

the engineering-and-economical development. It is very important to choose the input parameters and 

indicators of the techno-economic development, and then put them in order according to their level of 

importance for solving the problem. So far the essential subject of the research is the question of 

elaboration of indicators and criteria to assess the technological alternatives [10]. 

Neural networks operate on the principles of learning and self-based expertise. They allow calculating 

the significance of input parameters, what is important for forecast scenarios. There is a number of 

advantages of neural networks: 

•  it is possible to construct a model even with incomplete or noisy data;  

• artificial neural networks easily work in distributed systems with parallel processing due to its nature;  

• as artificial neural networks adjust their weights based on the original data, it helps to choose 

significant characteristics less subjective. 

Nonlinear neural network analysis for the approximation of multivariate data can achieve a much higher 

accuracy of approximation. Kohonen maps can be used for modeling, foresight, clustering, search for 

patterns in large volumes of data, for identification of independent features and data compression. Most 

generalized modeling result can be represented on two-dimensional and three-dimensional maps of 

countries distribution according to their level of technical and economic development 

[11].  
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Figure 4. Nonlinear neural network 

 

Figure 5. 2D engineering-and-economical picture of the world (2012) 
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1 – Leaders of techno-economic development 

2- Industrialized countries  

3 - Countries with a moderate level of techno-economic development 

4 - Developing countries 

Figure 6. 3D engineering-and-economical picture of the world (2012) 

The trajectory model of techno-economic development as a dynamic range of trained neural Kohonen 

network shows hierarchy of the countries in the world engineering-and-economical picture - the 

degree of closeness to the level leader at the time of observation ―t‖. Thus, the model learns data 

structure by solving the problem of finding clusters in the space of input images. In this case, the 

trajectory of techno-economic development can be represented as a time series of trained neural 

networks, each of which contains a model of the global techno-economic picture of the year of 

observation ―t‖: 
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Figure 7. Techno-economic development trajectory model as a time series of the Kohonen trained 

neural network 

For each country,  occupying its position according to the level of techno-economic development in 

the trained neural network, the following neural network parameters  are calculated [12]: 

1) the actual distance - the number of years passed from the moment when the reference level of the 

techno-economic development, matched the level of a country under study in a year of observation ―t‖; 

2) the upcoming distance - the number of years, needed  by a country starting from the year ―t‖, in 

order to achieve the reference level of technological development in the year of observation ―t‖; 

3) the conditional distance - the number of years necessary for a country to enter the reference 

trajectory. 

The importance of each input parameter in the observation year ―t‖ can be calculated by trained neural 

network. Reducing the set of parameters and input data of neural network increases the speed of neural 

networks, reduces the price and simplifies the collection of data by discarding the least significant 

variables and facilitates the process of explicit verbal interpretation of data processing results. 

The received neuro-fuzzy model is adjustable. At the initial stage, it includes a set of chosen by experts 

quantitative and qualitative indicators. At the next stages the model can be modified depending on the 

socio-economic and political factors targeted. The automated system includes 2 levels, interconnected 

by means of analysis and forecast. This methodological approach contributes to the foresight studies. 

The effect of identifying consistent patterns in a neural network model provides comprehensive 

analysis of heterogeneous parameters which are not sufficient alone. The trained intelligent model 

calculates weighted coefficients and identifies diagnostic decision rules "If…, then…" in which certain 

figures are used in the problem solution. As a result, the forecasting presents multivariate time series, 

each element of which is the one of the system parameters. According to experts of the EU, 

"cognitive" science (or neuroscience) and "smart" systems (interdisciplinary research on a wide range 
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of problems associated with mental activity) are a major challenge and the direction of development of 

fundamental science of the XXI century. They allow solving information processing tasks, in the face 

of uncertainty and low training time [9]. 

5. CONCLUSION  

The developed model, helps to explain the decision-making process in language understandable to 

decision makers, deriving diagnostic rules «if ... then» from the structure of a neuro-fuzzy decision tree. 

Thus, this allows to identify the relevance of indicators (trends) of new technological cycles formation 

and to determine the reference parameters of the social dimension of the economy. 

The particular data mining tools belong to hybrid computational intelligence systems that operate on 

the basis of principles that are significantly different from the data processing methods in traditional 

artificial neural networks and are related to the field of cognitive ("smart") technologies. Neural 

networks work on the principles of learning and self-based expertise. In addition, they allow us to 

calculate the significance of input parameters important for building forecast scenarios. 

The results of the modeling show that in coming years Russia can reach technological leadership in 

certain areas of technology development, in which it has already made visible progress 

(nanotechnology, nuclear industry, aerospace, informative and communication technologies). The 

main task of the modern innovative development of Russia is the development and implementation of 

self- government innovation policy, which is not based on blind copying foreign experience, but on the 

competitive advantages of Russia. The model and tools developed by the authors are essential for 

science-based assessments and can be used by experts for evaluating the effectiveness of automated 

calculation of technological projects in order to foresee scientific and technological development of 

the country. 

Model and tools developed by the authors are essential for science-based assessments and can be used 

by experts for evaluating the efficiency of automated calculation of technological projects in order to 

make necessary recommendations to the political and socio-economic spheres. 

Practical implementation of the developed methods was presented in the report in the Ministry of 

Education and Science of the Russian Federation within the framework of long-term forecasts of the 

major areas of scientific and technological development of the Russian Federation for the period up to 

2030. 

6. DIRECTIONS FOR FUTHER RESEARCH  

The key direction of the further research is collaboration with overseas expert in order to extend the 

number of additional indicators of evaluation of innovative potential and their assessment in the context 

of science, technology and innovation policies. 
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1. Introduction  

To some extent, the entrepreneur determines the fortune of an enterprise, which is one type of special, 

scarce, and irreplaceable social resource. Prior research indicated that the entrepreneur has an effect on 

technological innovation. Schumpeter (1934) considered entrepreneurship to be the motivating force 

of the "new combination" and indicated that the effect of the entrepreneur is to replace the old mode of 

production with a new one, realizing the sustainable revolutionary change inside the economic 

structure. Hambrick and Mason (1984) suggested the TMT (Top Management Team) theory; according 

to this theory, the demography of the Top Management Team (TMT) will have an impact on 

organizational performance, including the age, term of office, education and professional experience, 

and, as a result, technological innovation will be affected. Rostow (2001) thought that one necessary 

condition of an increase in economic productivity is that entrepreneurs of one or several rapidly 

growing departments invest profits in new productivity approaches and that entrepreneurs are those 

who are prepared to innovate. Mao and Chen (2003) established three definitions of the entrepreneur, 

one of which is that the entrepreneur combines the production factors or production modes in a new 

way. The management activities of the entrepreneur, such as cultivating a management team, building 

organization structure, and constructing an enterprise system, will affect the cost control, quality 

advantage, flexibility and technological innovation, which are the sources of organizational efficiency 

(He and Li, 2005).  

According to Jiao et al, entrepreneur ability includes conceptual ability (Zheng, 2006), guanxi ability 

(Park and Luo, 2001; He and Li, 2005), leadership (Williams, 1983; Steven et al, 1989; Li et al, 2003) 

and entrepreneurial ability (Covin and Slevin, 1989; Alvareza and Busenitzb, 2001). Zhang (2009) 

considered that entrepreneur alertness, uncertainty tolerance and risk preference have significant 

positive correlation with technological innovation; entrepreneur alertness and the interpersonal guanxi 

network have a positive correlation with the performance of technological innovation. In this study, 

entrepreneur ability has been classified into four sub-indexes, which are the entrepreneur human 

capital, guanxi network ability, social responsibility ability and strategic leadership ability, and we will 

check the respective effect they exert on enterprise technological innovation.  

Furthermore, there are some scholars who indicate that the relationship between entrepreneur ability 

and technological innovation may be different under different ownership systems, that is, the 

ownership will affect the relationship more or less. Entrepreneurs in the listed companies of different 

ownerships exhibit the significant differences. Xu, Xin, Chen (2006) observed that China state-owned 

companies are faced with more risks of managerial entrenchment; for state-owned listed companies 

and non-state-owned listed companies, there are significant differences in the agent problem. The 

research of Chen (2010) indicated that underinvestment of non-state-owned companies in research is 

one of the largest challenges for technological innovation.  

Based on what has been discussed, it can be seen that entrepreneur ability will affect technological 
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innovation and that ownership has a moderating effect on the relationship between entrepreneur ability 

and technological innovation. In this research, we will explore the effect ownership exerts on the 

relationship between entrepreneur ability and technological innovation. 

2. Theory and hypotheses  

As one type of scarce resource, the effective allocation of the entrepreneur is the effective way to 

realize enterprise development and promote economic growth. Zahra et al. (2000) considered that the 

successful innovation of an enterprise needs the strong support of the entrepreneur. Coles et al. (2001) 

considered that with more office time, the ability of the CEO to manage enterprise innovation will be 

affected more. Guo and Li (2006) thought that if entrepreneurs are able to take advantage of their 

talents fully, they tend to support enterprise innovation activities. Borch and Madsen (2007) put 

forward four types of entrepreneur abilities that are favorable to enterprises taking a superior position, 

including internal and external allocation and integration ability, resource acquisition ability, network 

ability and strategic path alignment ability; the empirical research found that all of these entrepreneur 

abilities have a positive correlation with enterprise innovation strategy, which promotes the internal 

innovation and the sustainable growth of the enterprise.  

With the trend in global integration, the competitive advantage of an enterprise is derived from the 

interactive effect of the stakeholders such as the supplier, customer, and alignment partner. The guanxi 

network of an entrepreneur is a significant source of enterprise innovation; therefore, to obtain 

external information, an enterprise needs to scan the environment persistently, and some measures 

should be taken, such as obtaining the potential customer information from the customer to turn them 

into a customer, taking the initiative in visiting or connecting with the customer to understand what the 

customer needs, participating in seminars or product exhibitions held by the same trade to understand 

market quotation information, raising middle- and senior-level leader meetings or consulting with 

senior experts or consultants to pool the industry knowledge (Hambrick, 1982).    

Therefore, the enterprise is able to recognize and obtain external knowledge that is useful for operation 

through the dynamic proactive interaction with the stakeholder network (Zahra & George, 2002). 

Obtaining external knowledge is one of the significant intelligence sources inside the enterprise, which 

demonstrates the recognition function of the entrepreneur. If in a given time the enterprise obtains 

more external knowledge, it will have more opportunities and promote inside innovation behavior, as a 

result creating and supplying more innovative products and services. The research of Zollo and Winter 

(2002) found that, based on a guanxi network and relations with stakeholders, entrepreneur is able to 

promote technological innovation behavior by scanning external feasible opportunities.  

Based on the prior analysis, we propose the following hypothesis: 

Hypothesis 1. Entrepreneur ability has a significantly positive effect on technological innovation.  

However, the Chinese economy is a typical transitional economy, of which the important character is 

the diversity of ownership (Peng and Luo, 2000). As one of the primary driving forces of an enterprise 
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management system, ownership has a great effect on enterprise organization strategy and behavior. 

Compared with other countries in the world, China‘s special social and political environment has 

nurtured diversified organizational ownership forms; thus, the effect the diversification of ownership 

exerts on an enterprise must be taken into consideration (Walsh and so on, 2009). Freeman (1995) for 

the first time put forward the national innovation system, and he thought that the success of Japan was 

derived from the national innovation system, which includes the interaction of the government, 

industry and enterprise. Based on the data research, Jensen (1993) concluded that the control 

mechanism will affect the allocation efficiency of the resources of research and development because 

of the agent problem.  

Moreover, Hitt (1996) consider that the differences among internal control mechanisms of enterprises 

will lead to different innovation choices. Lee and O‘Neill (2003) found under different governance 

mechanisms, the relationship between ownership structure and the investment in research and 

development exhibits different characteristics. Guo and Liu (2004) maintained that the ownership 

structure determines whether an enterprise possesses the independent property right and the power of 

decision-making; in addition, the incentive structure of entrepreneur human capital and the financing 

structure of technological innovation will be affected as well. Therefore, based on the Chinese special 

institutional background, under different ownership systems, the effect entrepreneur ability has on 

technological innovation is different as well. 

Finally, Pryke (1972) considered that state-owned companies perform better than private companies in 

the technological efficiency aspect; in addition, in the allocation efficiency aspect, there is no obvious 

low efficiency of allocation in state-owned companies. Technological innovation requires adequate 

capital, and a steady cash flow can support enterprise technological innovation, while a lack of internal 

financing may limit efforts in technological innovation (Helfat, 1997). State-owned companies tend to 

obtain government funds and bank loans more easily, which can be more conducive to technological 

innovation.   

Based on the prior analysis, we propose the following hypothesis: 

Hypothesis 2. Ownership will moderate the positive impact of entrepreneur ability on technological 

innovation. 
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Integrating the preceding discussion, the framework of this research is displayed in Fig1. 

               

Fig. 1 The research framework of this research 

3. Research method 

Model design 

The purpose of this research is to explore whether entrepreneur ability affects enterprise technological 

innovation, and the research adopts the multiple regression analysis method. 

First, we explore the effect entrepreneur ability exerts on technological innovation and construct 

model one:  
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Second, we explore the effect ownership exerts on the relationship between entrepreneur ability and 

technological innovation, constructing model two: 
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Measurement 

The technological innovation (Thchinno) of enterprise is measured by the number of patents from the 

corporate annual report. 

The entrepreneur in this research means the CEO, including the chairman of the board whose part-time 

job is CEO; this is because the CEO realizes the strategic goal of the chairman of the board with his 

own wisdom and talent ad is authorized by board of directors. Although the CEO pursues the 

maximization of personal benefits, the maximization of personal benefits is realized by the 

maximization of the company value, while the chairman of the board is only the "spokesman of the 

board of directors" or "the congregant of the board of directors" and is not the leader of the other 

directors and the general manager. The authority of the chairman of the board, which is subjected to 

the responsibility of the board of directors, possesses the responsibilities of organizing, coordinating 

and representing and does not make individual decisions generally. Meanwhile, it is the board of 

directors that authorizes the general manager to conduct enterprise management, not the chairman of 

the board. For a long time, we have severely mistaken the status and responsibility of the chairman of 

the board; we think the chairman of the board is the corporate juridical person who is the leader of the 

board of directors and the general manager and the top leader of the corporation; with this knowledge, 
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the chairman of the board cannot be a good agent for the principal (namely, the shareholder). 

Entrepreneur ability is a mixture of many types of abilities instead of one single ability index. First, 

entrepreneur human capital is the basis of entrepreneur ability and can be measured by education 

degree, work experience and duration of work history. Second, the strategic leadership of the 

entrepreneur plays a significant role in enterprise development especially in a complicated 

environment that determines the development of an enterprise in the long run. In addition, it has been 

found that the fortune of an enterprise has a close association with the guanxi network the entrepreneur 

possesses. Many foreign researchers found the government background of the top manager to be an 

attribute of a corporation in the same way that corporate ownership structure and corporation 

diversification exert an effect on corporate value; therefore, the guanxi network is an important 

dimension of entrepreneur ability. Meanwhile, the financial crisis warned people once again that the 

realization of the sustainable development of an enterprise should be based on the construction of 

social responsibility, which includes not only the financial responsibility but also the social 

responsibility for stakeholders. 

Based on the preceding discussion, the entrepreneur ability index (CCEI
BNU

) is evaluated by four 

sub-indexes, including entrepreneur capital (EH), guanxi network ability (EN), social responsibility 

ability (ER) and strategic leadership ability (ES).  

Ownership is measured by the ownership system. The ownership of a listed company is different; thus, 

the entrepreneur ability level is different. We classify the company as an absolute state-owned holding 

company, state-owned strong relative holding company, state-owned weak relative holding company, 

state-owned share company or non-state-owned company. With reference to article 5 of "Co., LTD., 

state-owned shares shareholders exercise behavior", we define the five types of ownership as follows 

in combination with what has been studied: 

A. Absolute state-owned holding company: The lower limit proposition of state-owned shares is 50% 

(excluding 50%).   

B. State-owned strong relative holding company: The state shareholder is the first majority shareholder, 

and the upper limit proposition of the state-owned share is 50% (including 50%), while the lower 

upper limit proposition is 30% (excluding 30%). 

C. State-owned weak relative holding company: The state shareholder is the first majority shareholder, 

and the proposition of the state-owned share is less than 30% (including 30%). 

D. The state-owned share company: There is a state shareholder in the company who does not meet 

the criteria of A, B, C. 

E. Non-state-owned company: the others. 

The state-owned share company and non-state-owned company indicate a privately listed company. 

Specifically, we code the absolute state-owned holding company as 5, the state-owned strong relative 

holding company as 4, the state-owned weak relative holding company as 3, the state-owned share 

company as 2 and the non-state-owned company as 1. 



 

 161 

Control variables in the regression model include gender, major of entrepreneur, combination of 

director and general manager (Dual) and industry. 

Data collection 

The evaluated sample in this research includes the listed companies of the Shanghai and Shenzhen 

main board and the growth enterprise market. However, the sample excludes the new listed companies 

in 2011 because they have not passed a full fiscal year; in addition, the companies for which the CEO 

has been in office less than one year have been rejected. Entrepreneur ability has been classified as 

four sub-indexes, which are entrepreneur human capital, guanxi network ability, social responsibility 

ability and strategic leadership ability. The data for this research are from the "China corporate 

governance index database" of Beijing Normal University. To be consistent with this research, the 

sample of data loss and data exception has been rejected; thus, the valid sample number is 788.  

4. Empirical test 

Descriptive statistics  

Table 2 is the descriptive statistics of different variables; from the table, it can be seen that the average 

value of entrepreneur ability is 35.52. The maximum is 61.59; the minimum is 15.19; the standard 

deviation is 7.872. The average value of entrepreneur human capital is 33.25. The maximum is 92.12; 

the minimum is 7.288; the standard deviation is 13.89. The average value of entrepreneur guanxi 

network ability is 13.54. The maximum is 56.11; the minimum is 0; the standard deviation is 11.31. 

The average value of entrepreneur social responsibility ability is 67.38. The maximum is 100; the 

minimum is 14.29; the standard deviation is 14.81. The average value of entrepreneur strategic 

leadership ability is 27.92. The maximum is 82.19; the minimum is 1.808; the standard deviation is 

13.51. 

We studied the regression variable by means of the correlation analysis, and the table 3 is the 

correlation coefficient matrix of Pearson. It has been demonstrated that there is positive correlation 

between entrepreneur ability and enterprise technological innovation; in addition, there is positive 

correlation between ownership and technological innovation, which preliminarily illustrates that it is 

consistent with the expectation. 

5. Regression analysis  

Entrepreneur ability, ownership and technological innovation 

Table 4 indicates the multiple regression results of entrepreneur ability, ownership and technological 

innovation. Controlling the effect of gender, major of entrepreneur, the combination of the chairman of 

the board and the general manager (Dual) and the industry of the enterprise, the entrepreneur ability 

index (CCEI
BNU

), which is significant at the 1% significance level, has a positive correlation with 

technological innovation. The results indicate that the listed companies with a higher entrepreneur 

ability index have more developed technological innovation; thus, hypothesis 1 has been verified. 

In addition, to test the effect the ownership exerts on the relationship between entrepreneur ability and 
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technological innovation, this section puts ownership, interaction term of entrepreneur ability index 

(CCEI
BNU

) and ownership in the regression equation. From table 4, the regression coefficient of the 

interaction term of the entrepreneur ability index (CCEI
BNU

) and ownership is 2.820, which is 

significant at the 1% significance level. The result indicates that the higher degree of nationalization is, 

the more effect the entrepreneur ability exerts on technological innovation. That is to say, the greater 

the share that the state-owned shares occupy in the ownership structure of an enterprise, the greater is 

the effect of the entrepreneur ability on the output of technological innovation; thus, hypothesis 2 has 

been verified. 

To further verify the moderating effect of ownership on the relationship between entrepreneur ability 

and technological innovation, we conduct regression by two groups, which are the state-owned 

company and non-state-owned company; the regression results can be seen in table 5. From table 5, it 

can be seen that in the state-owned company group, the whole model is more significant, the 

explanatory power of the dependent variable is enhanced compared with the non-state-owned 

company group, R
2 

is increased to 0.1174 from 0.0624 and the estimated regression coefficient is 

increased significantly, which indicates that in state-owned companies, entrepreneur ability is more 

conducive to the development of technological innovation. The results verify hypothesis 2 further. 

 Entrepreneur ability, ownership and technological innovation (sub-item ability indexes) 

Entrepreneur ability has been further classified as four sub-indexes, which are entrepreneur human 

capital, guanxi network ability, social responsibility ability and strategic leadership ability, and we will 

check the respective effect they exert on enterprise technological innovation. 

Table 6 displays the regression results of technological innovation on the sub-indexes of entrepreneur 

ability, namely, the multiple regression results of technological innovation on entrepreneur human 

capital, guanxi network ability, social responsibility ability and strategic leadership ability. Controlling 

the effect of gender, major of entrepreneur, the combination of the chairman of the board and the 

general manager(Dual) and the industry of the enterprise, the relationship between the human capital 

index of entrepreneur ability index (CCEI
BNU

) and technological innovation is not significant, which 

indicates that the effect entrepreneur human capital exerts on technological innovation is limited. In 

addition, guanxi network ability, social responsibility ability and strategic leadership ability of the 

entrepreneur ability index (CCEI
BNU

) exhibits positive correlation with technological innovation at the 

5% significance level at least. The results indicate that with a higher guanxi network ability index, 

social responsibility ability index and strategic leadership ability index, there is more technological 

innovation. This is mainly because with high guanxi network ability, entrepreneurs can obtain 

government funds more easily, which may make it more conducive to the development of 

technological innovation. In addition, if the sense of social responsibility of the entrepreneur is strong, 

the entrepreneur will continue to enhance the quality of products to supply consumers with more high 

quality products and, as a result, enhance the technological innovation level. Meanwhile, the 

entrepreneur will promote technological innovation with a high strategic leadership ability. Finally, 
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with entrepreneur human capital, guanxi network ability, social responsibility ability and strategic 

leadership ability in model, the guanxi network ability and social responsibility ability are no longer 

significant; however, solely the effect that strategic leadership ability exerts on technological 

innovation is still significant, which indicates that, in a way, guanxi network ability and social 

responsibility ability focus on the strategic leadership ability, which is reflected in the decision-making 

activities of the entrepreneur. 

Furthermore, to test the effect ownership exerts on the relationship of each sub-item ability of 

entrepreneur ability and technological innovation, we include ownership, interaction terms of sub-item 

indexes of entrepreneur ability index (CCEI
BNU

) and ownership in the regression equation. From table 

7, it can be seen that the regression coefficient of the interaction terms of guanxi network ability, social 

responsibility ability, strategic leadership ability entrepreneur ability index (CCEI
BNU

) and ownership 

are positive as well as significant at the 1% significance level. This result means that the higher the 

degree of nationalization of the enterprise, the stronger is the effect that the guanxi network ability, 

social responsibility ability and strategic leadership ability exert on technological innovation. That is 

to say, the greater the proportion of state-owned shares in the ownership structure of an enterprise, the 

greater the effect that guanxi network ability, social responsibility ability and strategic leadership 

ability exert on the output of technological innovation activities. Finally, when entrepreneur human 

capital, guanxi network ability, social responsibility ability and strategic leadership ability have been 

included in the model, the interaction terms of guanxi network ability, social responsibility ability and 

ownership are no longer significant; however, the effect that the interaction term of strategic 

leadership ability and ownership exerts on technological innovation is still significant, which indicates 

that, in a way, the guanxi network ability and social responsibility ability focus on strategic leadership 

ability; thus, solely the effect that the interaction term of strategic leadership ability and ownership 

exerts on technological innovation is still significant. 

We conduct regression by two groups, which are the state-owned company and the non-state-owned 

company to further verify the moderating effect of ownership on the relationship between each 

sub-item ability index of entrepreneur ability and technological innovation; the regression results can 

be seen in table 8 and 9. From table 8 and table 9, it can be seen that in the state-owned-company 

group, the whole model is more significant, the explanatory power of the dependent variable is 

enhanced compared with the non-state-owned-company group, and the estimated regression 

coefficient of each sub-item ability index is increased significantly, which means that in the 

state-owned company, the guanxi network ability, social responsibility ability and strategic leadership 

ability are more conducive to the development of technological innovation. The results further verify 

hypothesis 2.   

 



 

 164 

6. Conclusions 

As one type of scarce resource, the effective allocation of the entrepreneur is an effective way to 

realize enterprise development and promote economic growth. This research found that entrepreneur 

ability exhibits positive correlation with technological innovation, which indicates that the listed 

company with a higher entrepreneur ability index possesses greater technological innovation. With a 

higher guanxi network ability, social responsibility ability and strategic leadership ability, the 

technological innovation of the enterprise is better. This is mainly because with a high guanxi network 

ability, the entrepreneur can obtain government funding more easily, which may make it more 

conducive to the development of technological innovation. Thus, the guanxi network ability of the 

entrepreneur has a close relation with technological innovation. In addition, the guanxi network 

contributes to the enterprise competitive advantage, which is derived from the interaction of 

stakeholders such as the supplier, customer, and alignment partner. From the entrepreneur guanxi 

network, the enterprise can obtain the necessary information regarding opportunities to realize 

development. 

After China carried out its reform and open policy, the economy achieved great development; however, 

with this development comes new problems such as the growing wealth gap, resource waste, 

environmental pollution and trade friction. The public realizes more and more the importance of social 

responsibility. Thus, the enterprise should emphasize the construction of social responsibility, 

including not only the economic responsibility for the shareholder but also the social responsibility for 

other stakeholders to realize the sustainable development of enterprise. In addition, if the sense of 

social responsibility of the entrepreneur is strong, the entrepreneur will continue to enhance the quality 

of products to supply the consumer with high quality products and, as a result, enhance the 

technological innovation level.  

The strategic leadership ability of the entrepreneur plays a key role in the development of the 

enterprise, especially in the modern complicated environment. To some extent, entrepreneur strategic 

leadership ability is the determinant of the long-term growth of the enterprise. Entrepreneur strategic 

leadership ability affects the breadth and depth of strategic decision-making creativity and the 

allocation efficiency of resources and the recognition of opportunity. Specifically, in the environment 

of high uncertainty, the enterprise is confronted with unstructured problems that cannot be solved by 

conventional methods; the entrepreneur should combine the recognition of the internal and external 

environment to make judgments. In the process, the strategic leadership ability of the entrepreneur is 

especially important. Meanwhile, the entrepreneur will promote technological innovation with a 

pronounced strategic leadership ability.  

Finally, the higher the degree of nationalization is, the greater is the effect that entrepreneur ability 

exerts on technological innovation. That is, the greater proportion of state-owned shares in the 

ownership structure of an enterprise is, the greater is the effect that entrepreneur ability exerts on the 

output derived from technological innovation. We also found that the greater the proportion of 
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state-owned shares in the ownership structure of an enterprise is, the greater is the effect that guanxi 

network ability, social responsibility ability and strategic leadership ability exert on the output of 

technological innovation activities.  
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Table 1  The measurement index system of entrepreneur ability  

First level Second level Measurement 

Human 

capital 

1. Entrepreneur (CEO) education degree 

High school, junior high school, 

primary school and unavailable (0) 

Vocational school (0.35) 

Undergraduate education (0.7) 

Master and doctor (1) 

2. Entrepreneur working time  

0-10 years (0) 

10-20 years (0.35) 

20-30 years (0.7) 

More than 30 years (1) 

3. Job hopping times 

0 (0) 

1-2 (0.5) 

3 (1) 

4. Whether the entrepreneur undertakes the 

position of independent director in other 

corporations 

Yes (1); no (0) 

5. Have you studied abroad ( more than 

half a year)? 
Yes (1); no (0) 

6. Have you worked abroad (more than 

half year)? 
Yes (1); no (0) 

7. The channel of the recruitment of the 

CEO 

Talent market (1); internal promotion 

(0) 

Guanxi 

network 

ability 

8. Did a government officer visit the 

enterprise in 2011? 
Yes (1); no (0) 

9. In 2011, did the CEO escort the 

government officer on a visit abroad?  
Yes (1); no (0) 

10. Are you the Party representative? 

For the whole nation (1) 

For the province(0.7) 

The others (0.35) 

No (0) 

11. Are you the representative of the 

National People‘s congress?  

For the whole nation (1) 

For the province (0.7) 

The others (0.35) 

No (0) 

12. Are you the representative of the 

Chinese People's Political Consultative 

Conference?  

For the whole nation (1) 

For the province (0.7) 

The others (0.35) 

No (0) 

13. Have you held an office in the army?  Yes (1); no (0) 

14. Have you won a title of honor when 

working as CEO? 

Of nationwide level (1) 

Of provincial and ministerial level 

(0.5) 

The others (0) 

15. Have you held an office in a trade 

association? 

Of nationwide level (1) 

Of provincial and ministerial level 

(0.5) 

The others (0) 

16. Have you held an office in government? 

In central committee (1) 

Of the provincial and ministerial level 

(0.7) 

Of prefecture level (0.35) 
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Table 2 Descriptive statistics 

Variables Sample size 
Average 

value 

Standard 

deviation 
Minimum  Maximum  

BNU
CCEI  788 35.52 7.872 15.19 61.59 

EH 788 33.25 13.89 7.288 92.12 

EN 788 13.54 11.31 0 56.11 

ER 788 67.38 14.81 14.29 100 

ES 788 27.92 13.51 1.808 82.19 

Techinno 788 27.49 169.37 0 3732 

Ownershi

p 
788 2.517 1.503 1 5 

Gender 788 0.946 0.259 0 1 

Dual 788 0.285 0.451 0 1 

Major 788 0.645 0.478 0 1 

   

 

 

No (0) 

Social 

responsibili

ty ability 

17. Did you donate to an endowment fund in 

2011? 
Yes (1); no (0) 

18. Do you take a part-time job in a 

nonprofit organization such as assistant?  
Yes (1); no (0) 

19. Have you been denounced by the 

securities supervision committee in 2011? 
Yes (-1); no (0) 

20. Has the enterprise received complaints 

about the quality of the product?  
Yes (-1); no (0) 

21. Is the income growth rate of the 

employee beyond the profits ratio of the 

corporation?  

Yes (1); no (0) 

22. Is there a dividend?  Yes (1); no (0) 

23. Is there a lawsuit against the corporation 

for a loan? 
Yes (-1); no (0) 

Strategic 

leadership 

ability 

24. Contribution of top manager Standardized  

25. Do you want overseas expansion? Yes (1); no (0) 

26. The employee number of enterprise Standardized  

27. Total assets of enterprise Standardized  

28. The status of the enterprise in the 

industry 
Standardized by industry (22) 

29. Brand recognition 

Of the whole nation (1) 

Of the province or the industry  (0.5) 

The others (0) 

30. Does the enterprise possess a whole ERP 

system? 
Yes (1); no (0) 
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Table 3 Correlation analysis 

 

a 
*** means it is significant at the 1% significance level; ** means it is significant at the 5% 

significance level; * means it is significant at the 10% significance level. 

 

Table 4 Entrepreneur ability, ownership and technological innovation 

Variables  

Dependent variable: technological innovation 

Regression 

coefficient 

t-Value Regression 

coefficient 

t-Value 

BNU
CCEI  3.289*** 4.28 -3.630** -2.41 

Ownership   19.549*** -3.92 
BNU

CCEI ×Ownership 
  2.820*** 5.74 

Gender -14.687 -0.63 -11.980 -0.52 

Dual -26.799** -2.00 -8.036 -0.58 

Major 15.246 1.22 15.189 1.24 

Constant -10.659 -0.18 313.165*** 3.200 

Industry Effect YES 

N 788 788 

R2 0.0282 0.1271 

F 5.69 4.10 
a 

*** means it is significant at the 1% significance level; ** means it is significant at the 5% 

significance level; * means it is significant at the 10% significance level. 

 

 

 Techinno 
BNU

CCEI  EH EN ER ES 

Owners

hip Gender Dual 

Techinno 1.000            
BNU

CCEI  0.145*** 1.000           

EH -0.025 0.448*** 1.000          

EN 0.086** 0.596*** 0.004 1      

ER 
0.059* 0.684*** 0.048 

0.251**

* 1     

ES 
0.227*** 0.621*** -0.041 

0.274**

* 

0.238**

* 1      

Ownersh

ip 
0.128*** 

-0.102**

* 
-0.074** 

-0.007 

-0.164*

** 

0.02

4 1   

Gender 
-0.032 -0.066* -0.010 

-0.052 -0.051 

-0.04

3 

-0.096**

* 1  

Dual 
-0.046 0.151*** 0.066* 

0.238**

* 

0.094**

* 

0.01

9 

-0.319**

* -0.068* 1 

Major 
0.048 0.026 -0.043 

0.033 0.018 

0.05

7 

0.084**

* 

-0.101*

** 0.016 
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Table 5 The regression results of state-owned company group and non-state-owned company group 

 

Variables  

Dependent variable: technological innovation 

State-owned company Non-state-own company 

Regression 

coefficient 

t-Value Regression 

coefficient 

t-Value 

BNU
CCEI  9.338*** 4.24 -0.637*** -2.82 

Gender -68.70 -0.82 -2.354 -0.38 

Dual -55.417** -1.00 -2.926 -0.82 

Major 27.197 0.72 12.506*** 3.54 

Constant -145.9 -0.65 -22.855 -1.14 

Industry Effect YES 

N 262 526 

R2 0.1174 0.0624 

F 2.76 1.99 
a 

*** means it is significant at the 1% significance level; ** means it is significant at the 5% 

significance level; * means it is significant at the 10% significance level. 

 

Table 6 Entrepreneur ability and technological innovation----subitem ability indexes 

 

a 
Numbers in brackets are t-Values. *** means it is significant at the 1% significance level; ** means 

it is significant at the 5% significance level; * means it is significant at the 10% significance level. 

 

 

 

variables Dependent variable: technological innovation 

EH -0.181    -0.076 

 (-0.411)    (-0.176) 

EN  1.565***   0.553 

  (2.840)   (0.967) 

ER   0.982**  0.285 

   (2.372)  (0.669) 

ES    2.872*** 2.668*** 

    (6.540) (5.716) 

Gender -16.517 -13.476 -13.647 -10.138 -8.910 

 (-0.693) (-0.568) (-0.574) (-0.437) (-0.383) 

Dual -7.965 -17.490 -10.597 -6.727 -10.689 

 (-0.567) (-1.220) (-0.756) (-0.493) (-0.758) 

Major 13.044 12.623 12.736 8.794 8.609 

 (1.020) (0.993) (1.000) (0.706) (0.690) 

_cons 278.564*** 279.490*** 223.527*** 182.161** 178.658** 

 (3.823) (3.916) (3.002) (2.560) (2.382) 

Industry 

Effect 

Yes Yes Yes Yes Yes 

N 788 788 788 788 788 

R2 0.0483 0.0580 0.0550 0.0986 0.1007 

F 1.546 1.877 1.775 3.336 3.035 



 

 172 

Table 7 Entrepreneur ability, ownership and technological innovation-sub-item ability indexes 

  Dependent variable: technological innovation 

EH 0.598    0.513 

 (0.713)    (0.651) 

Ownership 35.308*** 3.659 -33.379 -33.356*** -39.434* 

 (2.696) (0.397) (-1.573) (-3.139) (-1.753) 

EH×Owners

hip 

-0.304    -0.236 

 (-1.055)    (-0.872) 

EN  -2.235**   -0.347 

  (-2.069)   (-0.319) 

EN×Owners

hip 

 1.477***   0.109 

  (3.889)   (0.273) 

ER   -1.010  -0.074 

   (-1.228)  (-0.091) 

ER×Owners

hip 

  0.895***  0.262 

   (3.125)  (0.907) 

ES    -2.825*** -2.715*** 

    (-3.333) (-3.061) 

ES×Owners

hip 

   2.041*** 1.938*** 

    (7.785) (6.812) 

Gender -11.714 -13.024 -11.818 -9.082 -8.194 

 (-0.493) (-0.556) (-0.502) (-0.408) (-0.367) 

Dual 0.256 -4.240 -2.778 -1.312 -0.567 

 (0.018) (-0.293) (-0.198) (-0.099) (-0.041) 

Major 12.176 13.465 12.649 12.866 12.336 

 (0.956) (1.073) (1.006) (1.078) (1.030) 

_cons 109.214 182.245** 232.853** 196.193** 184.089* 

 (1.203) (2.186) (2.235) (2.383) (1.736) 

Industry 

Effect 
YES YES YES YES YES 

N 788 788 788 788 788 

R2 0.0612 0.0856 0.0818 0.177 0.181 

F 1.834 2.634 2.508 6.055 5.049 
a 
Numbers in brackets are t-Values. *** means it is significant at the 1% significance level; ** means 

it is significant at the 5% significance level; * means it is significant at the 10% significance level. 
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Table 8 The regression results of state-owned company group-subitem ability indexes 

 Dependent variable: technological innovation 

EH -0.461    -0.058 

 (-0.348)    (-0.046) 

EN  4.286**   0.086 

  (2.539)   (0.046) 

ER   3.123**  1.167 

   (2.465)  (0.889) 

ES    6.422*** 6.062*** 

    (5.644) (4.706) 

Gende

r 

-76.691 -67.326 -76.747 -62.499 -62.894 

 (-0.879) (-0.781) (-0.890) (-0.760) (-0.761) 

Dual -27.611 -46.461 -36.844 -21.138 -23.961 

 (-0.480) (-0.821) (-0.654) (-0.394) (-0.436) 

Major 17.518 19.220 19.733 18.140 18.244 

 (0.444) (0.497) (0.510) (0.492) (0.489) 

_cons 403.326* 378.417* 238.440 156.568 111.533 

 (1.779) (1.696) (1.027) (0.722) (0.494) 

Indust

ry 

Effect 

YES YES YES YES YES 

N 262 262 262 262 262 

R2 0.0511 0.0746 0.0732 0.1583 0.1612 

F 1.117 1.672 1.639 3.902 3.153 

a Numbers in brackets are t-Values. *** means it is significant at the 1% significance level; ** means 

it is significant at the 5% significance level; * means it is significant at the 10% significance level. 
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Table 9 The regression results of non-state-owned company----subitem ability indexes 

 Dependent variable: technological innovation 

EH 0.006    0.011 

 (0.051)    (0.092) 

EN  0.199   0.072 

  (1.296)   (0.453) 

ER   0.214*  0.128 

   (1.851)  (1.069) 

ES    0.446*** 0.402*** 

    (3.330) (2.882) 

Gender -3.744 -3.405 -3.108 -2.850 -2.403 

 (-0.600) (-0.546) (-0.499) (-0.461) (-0.388) 

Dual -1.524 -2.806 -2.032 -1.373 -2.159 

 (-0.426) (-0.757) (-0.568) (-0.388) (-0.585) 

Major 13.018*** 12.871*** 12.853*** 12.030*** 11.985*** 

 (3.656) (3.619) (3.621) (3.403) (3.385) 

_cons -4.174 -3.054 -17.919 -16.396 -23.497 

 (-0.215) (-0.160) (-0.877) (-0.853) (-1.125) 

Industr

y 

Effect 

YES YES YES YES YES 

N 526 526 526 526 526 

R2 0.0478 0.0509 0.0542 0.0681 0.0711 

F 1.500 1.603 1.711 2.185 1.931 

a Numbers in brackets are t-Values. *** means it is significant at the 1% significance level; ** means 

it is significant at the 5% significance level; * means it is significant at the 10% significance level. 
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The innovation output of the photovoltaics sector has rapidly expanded during the past decade-and-a 

half as private and public-sector investment have increased. Using a quantitative model based on 

bibliometric data, this study identifies clusters and explores the influence of global knowledge 

networks on innovation performance. Using this methodology up to 129 clusters are identified around 

the world, of these less than 50 can be considered as major clusters. By extracting innovation input 

and output indicators from the bibliometric data (patent grants and scientific publications) and various 

forms of co-authorship or assignee-inventor relationships, a model of cluster innovation performance 

is constructed that incorporated input, output and knowledge network indicators. The estimation 

results of this model suggests that both agglomeration effects and relational proximity influence 

innovation performance, and that this occurs in a non-linear way. Furthermore, certain kinds of 

knowledge relations appear to reduce innovation performance while the presence of headquarters 

within a cluster appears to be universally beneficial. Although second-degree network effects are also 

explored in this study, their effect on innovation performance is not clear. A number of practical 

conclusions can also be drawn based on the results. 
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1.  Introduction 

This paper presents a quantitative assessment of the influence of global knowledge networks on the 

innovation performance of industry clusters in the photovoltaics sector. Photovoltaics is a knowledge 

intensive and globally distributed sector that incorporates multiple technological domains, including 

electronics and materials science. The photovoltaic sector has also received large inflows of public and 

private research investment during recent decades as part of a global push towards green growth; 

Photovoltaics are expected to contribute to the reduction of greenhouse gas emissions and the 

diversification of energy supply (Breyer, Birkner, Meiss, Goldschmidt, & Riede, 2013). 

This study focuses on the role of global knowledge networks in the photovoltaics sector. Global 

knowledge networks are networks of personal and institutional relationships that enable the transfer of 

knowledge on a global scale. 

While it is clear that international research activities are rapidly growing, especially in terms of their 

global distribution, and the growing importance of global knowledge networks (Audretsch, Lehmann, 

& Wright, 2014; Locke & Wellhausen, 2014), there are also indications that internationalization may 

weaken or limit the development of internal knowledge networks (Kwon, Park, So, & Leydesdorff, 

2012; Van Geenhuizen & Nijkamp, 2012; Ye, Yu, & Leydesdorff, 2013), and lower the innovation 

performance of some knowledge intensive industries (Stek & van Geenhuizen 2015, under review). 

However it is unclear what the effects of a shift from local towards global knowledge networks is on 

the innovation performance of industry clusters, including in the photovoltaics sector. 

To address this knowledge gap a quantitative model is proposed to assess the influence of multiple 

global knowledge networks on the innovation performance of industry clusters. This multi-scalar 

approach is based on emerging theories about the role of spatial and relational proximity in innovation 

and a multidimensional understanding of knowledge networks as consisting of different types of 

relationships. In this study four types of knowledge network are investigated: personal collaboration 

networks, institutional collaboration networks (Dodgson, 1992), Triple Helix 

(university-government-industry relations) networks (Etzkowitz & Leydesdorff, 2000) and MNC 

branch networks. Together these networks provide a broad and differentiated perspective on relational 

proximity. 

The study is centered on the following research questions: 

1.How has the photovoltaic sector developed globally in terms of growth in innovation output, 

geographic distribution and the prevalence of knowledge networks during the past decade? 

2.How do global knowledge networks (personal collaboration, institutional collaboration, Triple Helix, 

MNC branch) influence the innovation performance of industry clusters in the photovoltaic sector? 

2.  Literature review 

Spatial and relational proximity – Regional approaches to international research interaction have been 

dominated for years by a rather one-dimensional approach in which spatial proximity enhances 
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knowledge spillovers (Z. J. Acs, Audretsch, & Feldman, 1994; Audretsch & Feldman, 1996). In the 

course of the past decades, an increased attention has been developed for other types of proximity 

(Boschma, 2005; Breschi & Lissoni, 2001) and these include among others networks of cooperation 

in knowledge production (relational proximity)  (Asheim & Isaksen, 2002; Bathelt, Malmberg, & 

Maskell, 2004). Relational proximity may be defined as the capability of regions or clusters (and 

their organizations and firms) to learn through cooperation with other regions or clusters (Camagni & 

Capello, 2002). Relational proximity is seen as being facilitated by socio/cultural proximity that 

enables the absorption of knowledge spillovers from other regional contexts, through a common set of 

values and beliefs (Fazio & Lavecchia, 2013). In addition, an approach which puts an emphasis on 

synergies between different proximities, like between spatial and relational proximity has also been 

developed (Ponds, Van Oort, & Frenken, 2007; Ponds, van Oort, & Frenken, 2010). 

Agglomeration economies – The influence of spatial proximity on innovation performance under the 

label of agglomeration economies, has been studied theoretically and empirically for decades (Capello, 

2009). The first source of these localized advantages originates from being spatially close in larger 

cities or clusters, including lower transport and transmission costs, proximity to final markets (for 

firms) or test/launching markets (for innovations), a larger chance for meeting of two agents, 

eventually leading to serendipity, and easier exchange of creative ideas (Morgan, 2004). The second 

source of advantages draws on productivity increases due to cost reductions (scale effect) and 

localized accumulation of production skills. A third source of agglomeration advantages originates 

from synergy and refers to the rise of a set of common values and beliefs which in fact act as the 

economic rationale for the reduction of transaction costs (Williamson, 1981). In so-far the 

advantages deal with knowledge, the appropriate concept is localized knowledge spillovers, and 

invention and innovative activity at universities, research institutes and companies in cities or clusters 

benefit from them (Z. J. Acs et al., 1994; Anselin, Varga, & Acs, 1997; Audretsch & Feldman, 1996; 

Autant-Bernard, 2001; Jaffe, 1989). However, various doubt have been casted on the condition of 

spatial proximity in productive inter-organizational learning, summarized in the assumption that 

spatial proximity is neither a necessary nor a sufficient condition for creative learning and innovation. 

Rather, it merely facilitates (Boschma, 2005; D‘Este, Guy, & Iammarino, 2012; Karlsson, 2010). 

Relational economies – The idea that ‗advantages of spatial proximity‘ also work on a distance and in 

a similar manner compared to the ones that are localized, has emerged in the literature since the early 

2000s and has been increasingly elaborated ever since (Ertur & Koch, 2011). Thus, Breschi and 

Lissone (2003) argue that collaborative networks are channels for knowledge spillovers that are not 

limited to local environments, instead, they can span long physical distances (Maggioni, Nosvelli, & 

Uberti, 2007; Maggioni & Uberti, 2009; Ponds et al., 2007). According to this line of thinking, the 

study of regional invention and innovation has shifted from a focus on close territorial relationships 

towards an emphasis on technological collaboration that increasingly occurs between cities or clusters 

as widely spread network-based systems through which knowledge circulates and is enriched 
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(Cohendet & Amin, 2006). And in the past years, it has been increasingly recognized that relational 

proximity between the organizations involved (whether local or global) is key in productive 

collaborative learning.   

Often such a situation has been viewed as merely positive in enhancing innovation. Particularly in 

high-tech sectors, research collaboration through global networks has been regarded as crucial for 

corporate innovative performance, like in the biotechnology industry (Cooke, 2007; Gertler & Levitte, 

2005). What however might occur, if local firms are strongly collaborating with Multinational 

Corporations (MNCs) from elsewhere or if they are established or acquired by such companies, is that 

these local firms develop knowledge strategies depending on their role in the production organization 

of the (parent) MNC. Particularly, the role of producing knowledge for the MNC means that MNCs 

elsewhere learn from their foreign subsidiaries, which is named ‗reverse‘ knowledge transfer in some 

studies (Ambos, Ambos, & Schlegelmilch, 2006; Awate, Larsen, & Mudambi, 2014; Castellani et al., 

2013; Dunning, 2000; Frost & Zhou, 2005; Frost, 2001). Under these conditions, foreign MNCs 

extract knowledge from the cluster and if this is based on exclusivity, the cluster might weaken instead 

of grow due to global research interaction. 

Incorporating network indicators into a cluster model – Given the predictive potential shown by 

network indicators, incorporating them into a model that predicts innovation performance is a logical 

next step. Several models for understanding innovation systems have been proposed at the national 

scale (Edquist, 1997; Freeman, 1995; Lundvall, 1992; Nelson, 1993), regional scale (Cooke, 2001; 

Porter, 1998; Tödtling & Trippl, 2005) and at the sectoral scale (Malerba & Orsenigo, 1997; Porter, 

1998). All of these models incorporate the three core Triple Helix actor groups of university, 

industry and government (Etzkowitz & Leydesdorff, 2000), in addition to many other actor groups 

such as knowledge intensive business services that can be viewed as intermediaries (Hertog, 2000; 

Schlierf & Meyer, 2013). 

In addition to intermediaries, there is a growing literature exploring the influence of factors such as 

entrepreneurship (Autio, Kenney, Mustar, Siegel, & Wright, 2014) and the contribution of 

universities to entrepreneurship (Looy et al., 2011; Perkmann et al., 2013) on cluster innovation 

performance, to name but a few recent studies. 

However to include network and other indicators in the model and to then estimate it, quantitative 

innovation performance models tend to be reduced to a knowledge production function in which the 

influence of a smaller number of factors are studied. This approach has led to insights such as: the 

institutional and policy factors that influence national innovation performance (de Rassenfosse & van 

Pottelsberghe de la Potterie, 2009; Furman, Porter, & Stern, 2013), the geographic distribution of 

university-industry knowledge spillovers within a country (Ponds et al., 2010) and the low 

importance of formal research collaboration within clusters to explain cluster innovation performance 

(Fritsch, 2004). So although the knowledge production function typically represents a simplification, 

it can be considered as a well-accepted methodology. 
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When certain factors influence innovation at different spatial levels (e.g. national vs. local), then the 

estimation of the knowledge production function (or similarly expressed models) benefits from 

multilevel regression analysis, which allows these effects to be incorporated into the model (M. 

Fischer & Getis, 2010; Fotheringham, Brunsdon, & Charlton, 2003; Raspe & Oort, 2011; Raspe & van 

Oort, 2009). 

3.  Research model and hypotheses 

Research Model 

The model used in this study is described in figure 1: innovation inputs are the independent variable, 

innovation outputs are the dependent variable and network characteristics act as moderating variables. 

The respective innovation and network indicators are described in more detail in section 0. 

 

Figure 1: Research model 

The model is mathematically expressed as a knowledge production function (Jones, 1995; Romer, 

1990). The basic form of the knowledge production function is given in equation 1. 

Pi= δLi

λ

 (1) 

Here Pi is the innovation output in cluster i, Li is the innovation input in cluster i, δ is the innovation 

propensity and λ the research productivity. Innovation propensity is understood to be determined by 

the national science and technology policy environment (de Rassenfosse & van Pottelsberghe de la 

Potterie, 2009) as well as the specific technological and competitive features of the sector (Arundel 

& Kabla, 1998; Kleinknecht, Montfort, & Brouwer, 2002), which have an influence of the 

production of intellectual property, specifically patents. Patent-based indicators are used to measure 

innovation output in this study. Because this study considers only a single sector, innovation 

propensity is assumed to vary only by country. 

Innovation output Pi can be decomposed into the number of claims in patent grants (CLM) and the 

number of patent citations (PCT). Innovation input Li can be decomposed into the number of scientific 

publication citations (ACT) and the number of active researchers (RES). Network indicators (NET) act 

as moderating variables and various different network indicators are to be tested. β represent the model 

parameters that are to be estimated. 

log(CLM i∗ PCT i)= βm+β1 NET i∗ ( log(RESi∗ ACT i))  (2) 

Hypotheses 

The hypotheses presented here are based on the literature review (section 0). The first hypothesis 
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presented here aims to evaluate evidence of an agglomeration economy in the photovoltaic sector: 

H1 Cluster size correlates positively to cluster innovation performance 

The other hypotheses consider relational economies by addressing the correlation between cluster 

centrality and innovation performance. If the relational economy is conceived as a network, then 

clusters can be seen as vertices, and the relationships maintained by researchers within those clusters 

with researchers from other clusters as the network's edges. There are various measures of centrality in 

networks, the simplest of which is degree centrality: the number of direct connections a cluster (vertex) 

has with other clusters (Wasserman & Faust, 1994). Other measures include betweenness centrality, 

which is the number of shortest paths between all vertices in a network that pass through a particular 

vertex; closeness centrality, which is an inverse measure of the total number of shortest paths between 

a vertex and all other vertices in the network; and eigenvector centrality, which is a measure of how 

closely connected a vertex is to other well-connected vertices (Wasserman & Faust, 1994). 

Therefore two pairs of hypotheses about network centrality are formulated, the first pair, H2a & H2b, 

test the influence of direct network links on innovation performance. These direct links are typically 

the focus of the literature on inter-organizational learning (Dodgson, 1992, 1993). 

H2a Network degree centrality correlates positively to cluster innovation performance 

H2b Network degree centrality does not correlate to cluster innovation performance 

The second pair of hypotheses, H3a & H3b, considers the fact that the existence of links between two 

clusters can affect the establishment or existence of links between another pair of clusters. This is 

often the case if the network has a hierarchical structure, meaning that some vertices are significantly 

better connected than others. A hierarchical network structure has been found in international 

co-invention networks (De Prato & Nepelski, 2014) and the academic weblink network (Barnett et 

al., 2014).  

H3a Network betweenness, closeness or eigenvector centrality correlate positively to cluster 

innovation performance 

H3b Network betweenness, closeness or eigenvector centrality do not correlate to cluster innovation 

performance 

4.  Data, methodology and indicators 

This study considers the 2000-2009 period, which is the most recent decade for which detailed 

bibliometric data is available (see below). In this section the data, methodology, indicator development 

and the model estimation strategy are described. 

Data – For this study, bibliometric data is obtained from patent grants from the United States Patent & 

Trademark Office (USPTO) and scientific publications are downloaded from the Scopus® database, 

which is maintained by Elsevier, an academic publisher. The USPTO data was accessed through its 

website
1
 on 17 July 2015 using automated means. Elsevier has an application programming interface 

                             
1 Available at: http://patft.uspto.gov/netahtml/PTO/search-adv.htm 

http://patft.uspto.gov/netahtml/PTO/search-adv.htm


 

 181 

(API) for automated access to its Scopus database. All data processing, as well as all model estimation 

is carried out using R (R Core Team, 2015), using rvest (Wickham, 2015) to download to bulk data 

and communicate with the Scopus API and RMySQL (Ooms, James, DebRoy, Wickham, & Horner, 

2015)  to communicate with and populate a MySQL database of bibliographic data. All R scripts 

used in this study are available for download
1
. 

Sector Identification – One of the challenges of this research is the delineation of both the 

technological and spatial domains. For the delineation of the technological domain we rely on the new 

Y02E cooperative patent classification (CPC) from the USPTO and the European Patent Office (EPO) 

which contains renewable energy technologies, including a subcategory for photovoltaics (Y02E/50). 

For scientific publications we are not aware of such a classification, and so rely on a keyword search 

of journal paper abstracts which contain the phrases ―photovoltaic cell‖. Inclusion of the word ―cell‖ is 

important to distinguish from papers about astronomy, which are not directly related to the knowledge 

base of the industry. 

Cluster identification – ―Clusters are geographic concentrations of industries related by knowledge, 

skills, inputs, demand, and/or other linkages‖ (Delgado, Porter, & Stern, 2014). Due to the 

bibliometric data used in this study and a focus on innovation performance, which is just one cluster 

activity, a cluster identification strategy that focuses on innovation output concentration is used. 

Patents and scientific publications contain (partial) addresses of the affiliated institutions (including 

assignees) and addresses of inventors. These addresses can be assigned coordinates using commercial 

mapping applications, such as the Bing Maps API, which is used for the initial screening, and the 

website findlatitutdeandlongitude.com for the second screening in case of irregularities. This approach 

is not original and has been used previously, although with a smaller dataset (Leydesdorff & Alkemade, 

2014; Leydesdorff & Persson, 2010). 

One concern of any clustering methodology is robustness and therefore we identify two sets of clusters. 

The first set are ―cities‖ and are identified by making a heat map with a radius of 50 km and a density 

threshold of 7.5 document authors per cell. This yields 129 clusters which produced both scientific 

publications and patent grants during the study period. These 129 clusters hold 93% of all 

document-authors. The second set of clusters are ―regions‖ and are identified using the same process, 

but with a radius of 100 km and density threshold of 15. Using this method 69 clusters are identified 

which hold 92% of all document-authors. Throughout this study we consider both the ―city‖ and 

―regional‖ cluster sets, to allow for comparisons. 

Indicator development – Finally, we discuss the indicators to be used in this study, which are 

summarized in table 1. The innovation indicators are largely based on previous studies. Patent claims 

(CLS) and patent citations (PCT), along with the number of countries in which a patent has been 

applied for ('family size') have been used as indicators of patent quality and are therefore preferable as 

knowledge output indicators than simple patent counts (Lanjouw & Schankerman, 2004). The 

                             
1 Available at: http://stek.in/papers/tha2015bj.zip 

http://stek.in/papers/tha2015bj.zip
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number of researchers (RES) has been used as a knowledge input indicator in a number of studies, 

while academic paper citation counts (ACT) are widely used in various university rankings
1
 to 

measure the quality and impact of scientific output. 

Network indicators are derived from the five networks that are analyzed in this study (inter-personal, 

inter-organizational, research, Triple Helix and branches), in both weighted and non-weighted form. 

Degree, closeness, betweenness and eigenvector centrality are calculated; for directed networks 

in-degree, out-degree, in-closeness and out-closeness centralities are also considered (Wasserman & 

Faust, 1994). All network indicators are calculated using the igraph package in R (Csardi & Nepusz, 

2006). 

Indicator Description and measurement Statistical summary 
City clusters (n = 129) 

 

Regional clusters (n = 69) 

RES Unique researchers listed on 

patent applications 

minimum = 1 

median = 8 

mean = 50.54 

maximum = 1,119 

1 

20 

96.74 

1,854 

ACT Scientific publication citations minimum = 0 

median = 191 

mean = 1,086 

maximum = 25,892 

0 

422 

1921 

26,938 

PCT Patent citations derived from 

USPTO full patent grant web 

application 

minimum = 0 

median = 49 

mean = 923 

maximum = 29,364 

0 

130 

1,756 

57,830 

CLM Patent claims derived from 

patent grant documents 

minimum = 1 

median = 240 

mean = 1,564 

maximum = 33,904 

3 

680 

3'045 

37,612 

NETIP The inter-personal innovation 

network is derived from the 

bidirectional co-invention 

network as extracted from patent 

grants. 

vertices = 76 

edges = 294 (w) 147 (n) 

density = 0.10 (w) 0.05 (n) 

 

vertices = 47 

edges = 261 (w) 106 (n) 

density = 0.24 (w) 0.10 (n) 

 

NETIO The inter-organizational 

innovation network is derived 

from the bidirectional 

co-assignment network as 

extracted from patent grants 

vertices = 19 

edges = 20 (w) 15 (n) 

density = 0.12 (w) 0.09 (n) 

 

vertices = 20 

edges = 22 (w) 17 (n) 

density = 0.12 (w) 0.09 (n) 

NETRE The research network is derived 

from the bidirectional 

co-affiliation network as 

extracted from scientific 

publications 

vertices = 73 

edges = 108 (w) 82(n) 

density = 0.04 (w) 0.03 (n) 

 

vertices = 45 

edges = 88 (w) 66 (n) 

density = 0.09 (w) 0.07 (n) 

                             
1 Examples include: QS University Rankings (UK), Times Higher Education University Rankings (UK), CWTS Leiden 

Ranking (Netherlands) and the Academic Ranking of World Universities (China). 
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NETTH The Triple Helix network is 

derived from the directional 

university/government → 

industry network as extracted 

from patent grants 

vertices = 17 

edges = 13 (w) 11 (n) 

density = 0.05 (w) 0.04 (n) 

vertices = 17 

edges = 16 (w) 13 (n) 

density = 0.06 (w) 0.05 (n) 

NETBR The branch network is derived 

from the directional inventor → 

assignee network as extracted 

from patent grants 

vertices = 88 

edges = 536 (w) 197 (n) 

density = 0.07 (w) 0.03 (n) 

vertices = 53 

edges = 484 (w) 152 (n) 

density = 0.18 (w) 0.06 (n) 

Table 1: Description of model indicators and statistical summaries, w = weighted network, n = 

non-weighted network 

5. Results and analysis 

The results of the model estimation, accompanied by analysis, are presented here in two parts: the 

model estimation results followed by an evaluation of the hypotheses. 

Model estimation results 

MC3.1^ MC3.5^ MC3.7^ MC4.2^ 

Indicators Coefficients Indicators Coefficients Indicators Coefficients Indicators Coefficients 

intercept 

RES 

IP-DEG 

6.97 

0.127 

-0.529 

intercept 

RES 

IP-DEG 

 

RE-CLS 

8.38 

0.123 

-0.683 

 

-1,958 

intercept 

RES 

IP-DEG 

BR-ICLS 

RE-CLS 

7.21 

0.128 

-0.975 

3,267 

-972 

intercept 

RES 

IP-DEG 

BR-IDEG 

RE-DEG 

9.30 

0.126 

-0.870 

0.596 

-1.430 

MR3.3 MR3.5 MR3.7 MR4.2^ 

Indicators Coefficients Indicators Coefficients Indicators Coefficients Indicators Coefficients 

intercept 

RES 

 

 

RE-DEG 

9.96 

0.0841 

 

 

-2.31 

intercept 

RES 

IP-CLS 

 

RE-DEG 

15.4 

0.0858 

-681 

 

-2.10 

intercept 

RES 

IP-CLS 

BR-ICLS 

RE-DEG 

16.0 

0.0825 

-881 

278 

-1.84 

intercept 

RES 

IP-DEG 

BR-IDEG 

RE-DEG 

8.29 

0.0607 

0.487 

0.236 

-1.97 

Acronyms: degree centrality (DEG), closeness centrality (CLS), in-degree centrality (IDEG); ^ marks 

model(s) of best fit 

Table 2: Selected estimation results 

The presence of negative coefficients for inter-personal network centrality and research network 

centrality indicators may also seem surprising because there is significant theoretical evidence to 

support the benefits of relational proximity. However both factors can perhaps be better understood 

when considering the fact that there is a consistent positive relationship between cluster scale (in terms 

of the number of researchers) and innovation performance, and when viewing the structures of the 

respective networks. It is also important to note that smaller clusters tend to have a higher degree 

centrality relative to their size. The correlation between size (RES) and inter-personal network degree 

centrality per researcher is -0.428 and for research network degree centrality per researcher the 

correlation is -0.368 in the city cluster set. 
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Figure 2: Inter-personal knowledge network for city clusters (left) and regional clusters (right) 

   

Figure 3: Model plots of basic model (left), MC4.2 (center) and MR4.2 (right) 

Evaluation of hypotheses 

 

 

Hypothesis Content Evaluation 

H1 

H2a & H2b 

H3a & H3b 

Agglomeration effect 

Degree centrality (first-degree effect) 

Closeness centrality (second-degree 

effect) 

Accept 

Accept H2a, reject H2b 

Accept H3a with caution for research 

and branch networks & accept H3b 

Table 3: Evaluation of hypotheses 

Starting with the network structure, the inter-personal knowledge network (see figure 2) at the ―city 

scale‖ (50 km radius) has several ―main‖ clusters with greater network centrality, which are 

surrounded by smaller ―satellite‖ clusters with low network centrality, which are typically only 

connected to the main cluster. The smaller satellite clusters may depend on the main clusters for 

innovation inputs, or may be ―suppliers‖ of innovation inputs to the main cluster, and therefore the 

negative sign of the network indicators can be interpreted as a response to small scale, i.e. ―in small 

clusters there are fewer researchers, innovation performance is lower, and knowledge networking with 

other clusters plays a more important role‖. However on the ―regional scale‖ (100 km radius, see 

figure 2 again), the satellite clusters appear to have been absorbed by the main clusters, and in this 
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case the presence of a strong inter-personal knowledge network (see MR4.2) does appear to supports 

innovation performance, and thus supports the relational proximity thesis. 

Referring once more to the agglomeration effect, it is worthwhile to note that all estimated models 

have logarithmic qualities, which appears to account for an important part of their improvement of fit 

compared to the baseline knowledge production function (without agglomeration and network 

indicators), see figure 3. The logarithmic pattern suggests that, although cluster size raises innovation 

performance, its effects start to diminish as a cluster grows beyond a certain size. The reasons for such 

an ―excess agglomeration penalty‖ are not immediately clear from the dataset, but it is not an 

uncommon situation in urban economics (Tabuchi, 1998). 

6. Discussion and conclusion 

The results suggest that the spatial scale of a cluster, the network type and the network structure all 

influence innovation performance in subtly different ways. If clusters are identified on a smaller scale, 

then the agglomeration effect appears to be stronger, and the influence of inter-personal and researcher 

networks tends to be negative. However on a larger scale the agglomeration effect is weaker and the 

influence of relational proximity (network indicators) are mixed. 

The mixed or negative outcomes of network indicators are difficult to understand unless one considers 

the possibility of a power imbalance (or a ―benefits imbalance‖) between the partners. In the case of 

the inbound branch network, having high network in-degree centrality is clearly beneficial to a cluster. 

A high in-degree centrality signifies the presence of headquarters within the cluster. The benefits of 

headquarters are many, including having access to knowledge in other clusters through ―knowledge 

pipelines‖ (Bathelt et al., 2004; Castellani et al., 2013; Gertler, 2003). The cluster may also benefit 

from closer interaction with top decision-makers, which can improve innovation performance by 

better allocating resources to the most promising areas of research, an effect that has previously been 

noted in large cities (Sassen, 2002). 

In addition to the above it is noteworthy that the country-level does not influence cluster innovation 

performance even though the data set includes clusters in advanced economies such as the United 

States and a major emerging economy, China. The model intercept (which is how the country-level is 

incorporated into the models) are all very close to the mean. For example, in the MR4.2 model, the 

mean is 8.29, with China scoring 8.39 and the United States 8.82. 

Practical implications – The study provides a number of practical insights for cluster managers. First is 

that there appear to be clear benefits of having headquarters (i.e. commercial control) located inside 

clusters. While this does not confirm the presence of a ―reverse knowledge flow‖ from branches to 

headquarters, the benefits of hosting a headquarters are clearly shown, while there are no significant 

benefits of hosting the branches. Furthermore, there is close correlation between the network 

indicators of weighted and non-weighted knowledge networks. This suggests that successful research 

collaborations (which result in the granting of a patent or scientific publication) tend to occur 
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repeatedly with partners from the same cluster. So although there are certainly benefits from having 

many weak links (Granovetter, 1973), clusters tend to sustain only a limited number of deep 

inter-cluster relationships, with small clusters sustaining relationships with just one or two other 

clusters. And finally, the results suggest that there is a strong and positive agglomeration effect. This 

suggests that a city or region's economic policy should be somewhat focused, instead of making small 

investments in many different sectors. But there is a limit to the agglomeration effect: beyond around 

500 researchers (in the bibliometric sense, and not necessarily equivalent to ―real-life‖ researchers), 

the agglomeration effect dissipates. Naturally the above is purely from the perspective of innovation 

performance; the economic performance and growth of clusters often does not depend on innovation 

performance alone. 

Limitations of the study – Although this study shows that a bibliometric model of industry clusters and 

knowledge networks is feasible, and holds great promise for use in other studies in which 

bibliometrics is one or the only consistent source of data, the study also shows the limitations of this 

methodology. First of all some knowledge networks, such as the inter-organizational and Triple Helix 

networks, only appear in very large clusters and so there is a limitation in the study of smaller clusters. 

Second, this study has only addressed the photovoltaics cluster which were identified at two different 

scales. Although a simple and transparent method for cluster identification, the use of bilbiometrics 

means that only one dimension of the sector, and one dimension of innovation, is being measured. It is 

therefore likely that the method is blind to clusters which may have significance in terms of production 

or production-related R&D but not in terms of more general R&D that is eventually published as 

patents or peer-reviewed scientific publications. Since only photovoltaics was explored, different 

sectors may display significantly different agglomeration and network effects. 

Conclusion – This study has shown that the innovation output of the photovoltaics sector has been 

growing rapidly during the past decades and that photovoltaics research is concentrated in less than 50 

clusters that are distributed around the world, and that these clusters are connected through multiple 

non-identical knowledge networks. 

A quantitative model of innovation performance based on bibliometric data (patent grants and 

scientific publications) suggests that both agglomeration and relational proximity affect cluster 

innovation performance. Relational proximity is found in different types of knowledge networks 

(inter-personal, research, branch), and incorporating multiple knowledge networks into the model 

allows for the development of a more precise model.  
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results but promoting long term activities by private companies and universities are necessary. As future 

research tasks, text mining analysis of government documents concerning related policies and 

evaluation reports of national projects based on the cooperation between private companies and 

universities should be conducted. 

Keywords： industry academia collaboration, newspaper article, science and technology policy, 

technology transfer, text mining 
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1. Introduction 

As the word "industry academia collaboration" is a keyword for policies to vitalize the economy and 

the society at present in Japan, it is incorporated into many kinds of policy measures of central and 

local governments. Owing to such policy measures, activities by the cooperation between private 

companies and universities became popular. For example, according to the Ministry of Education, 

Culture, Sports, Science and Technology (hereinafter referred to as "MEXT") [1], joint research 

between private companies and universities reached the number of 17,881 and the amount of 39 

billion yen in fiscal year 2013, which were the highest ever. According to the Ministry of Economy, 

Trade and Industry (hereinafter referred to as "METI") [2], the number of university-led venture 

companies increased steadily and reached 1,809 in the end of 2008. 

Though it is natural that projects and activities based on the cooperation between private companies 

and universities have been existing since a long time ago, the word "industry academia 

collaboration" came to be in general use in the 1990's. Harayama [3] mentioned that industry academia 

collaboration had been definitely situated as a policy tool through the enactment of the Science and 

Technology Basic Law in 1995 and a series of subsequent measures, and the discussions at councils. 

Moreover, it has been pointed out that the policies to revitalize the economy after the bubble economy 

collapse in the early 1990's influenced this situation. 

The main players of industry academia collaboration are in general the private company, the 

university and the government, and therefore it is sometimes called "industry, academia and 

government collaboration". The roles of the private company, the university and the government are 

respectively industrialization of technological seeds, creation of new technological seeds, and 

promotion of activities of private companies and universities. The government as well as the private 

company and the university has an important role. 

It is expected that these 3 players mutually cooperate to create new products and new business 

which are difficult to be achieved only by the private company. The private company is not always 

supported onesidedly by the university and the government in the cooperation, and the players should 

be mutually helpful. Enhancing mutually and exhibiting synergy effect between the players is essential, 

and in this sense it can be said that the triple helix model will serve an important function in such 

process. 

This study is focused on the history when and how the word "industry academia collaboration" has 

been incorporated into government policies and recognized in the society in Japan. Analyzing 

newspaper articles, information about related policies and events is obtainable. Based on the 

information, a general view of the history can be revealed. Looking back over the history, it is 

assumed that we can discuss the problems concerning industry academia collaboration and the 

suggestions for policies and measures. 

In order to analyze newspaper articles, the method of text mining is effective. The purpose of this 
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study is to reveal the spread of the word ―industry academia collaboration‖ in Japan based on the text 

mining analysis and discuss the problems and the suggestions. It is expected that the result of this 

study will be useful in promoting better understanding of industry academia collaboration as an 

example of the triple helix model and formulating future policies and measures. 

2. Background of This Study 

Reviewing the organization and the measures of the central government, it becomes obvious that 

industry academia collaboration is a keyword for policies in Japan. The outlines of representative 

ministries are described below. 

MEXT has the University-Industry Collaboration and Regional R&D Division in the Science and 

Technology Policy Bureau in its head office [4], and is promoting the Creation of Innovation Centers 

for Advanced Interdisciplinary Research Areas Program, the Center of Innovation Science and 

Technology based Radical Innovation and Entrepreneurship Program (COI STREAM), the Program 

for Creating STart-ups from Advanced Research and Technology (START), and other related programs 

[5]. 

METI has the Innovation and Industry-University Collaboration Division in the Industrial Science and 

Technology Policy and Environment Bureau in its head office [6], and is promoting the technology 

transfer from universities to private companies, the development of human resources for industrial 

technology, the investment from national universities to venture capitals, the institution for cross 

appointments (researchers' contracts of employment with universities, public research institutes and 

private companies), and other related measures [7]. 

Ministry of Agriculture, Forestry and Fisheries has the Business-Academia Cooperation Office in the 

Agriculture, Forestry and Fisheries Research Council in its head office [8], and is promoting the 

support for joint research, the support for business academia cooperation projects in regions, and other 

related measures [9]. 

Prior research on the history creating such situation is reviewed as below. Nagahira [10] pointed out 

that the turning point expanding rapidly measures relating to industry academia collaboration was the 

1st Science and Technology Basin Plan formulated in 1996 based on the Science and Technology 

Basic Law enacted in 1995, and explained about main topics on related policies from 1998 to 2004. 

Yoshimura [11] explained about policies relating to industry academia collaboration dividing them into 

4 parts which were the period before the Science and Technology Basic Plans, the period during the 

1st Plan, the period during the 2nd Plan, and the period during the 3rd Plan, and pointed out that the 

enactment of the Science and Technology Basic Law and the formulation of the 1st Plan were 

epoch-making events. 

Yamaguchi [12] analyzed the description about government measures in the White Papers on 

Science and Technology, and pointed out that the activation of industry academia collaboration was 

caused by the enactment of the Science and Technology Basic Law and the formulation of the 1st 
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Science and Technology Basic Plan, and however the importance of industry academia collaboration 

had been recognized from the beginning of the publication of the White Papers. 

It was common for the above prior research that the enactment of the Science and Technology Basic 

Law and the formulation of the 1st Science and Technology Basic Plan were the turning point. 

However, the process of the spread of "industry academia collaboration‖ was not yet clarified 

sufficiently. 

As for the analysis of newspaper articles, Yamamoto et al. [13] collected 1,761 newspaper articles 

taking up government-university-industry collaboration from 2003 to 2008 from the Nikkan Kogyo 

Shimbun and analyzed them. As a result, it was pointed out that the number of articles increased in 

some fields and decreased in the other fields during the 6 years, and the newspaper companies and its 

reporters rather than government policies influenced the number of articles in some important points. 

From the above, it is considered that it is useful to reveal the spread of the word ―industry 

academia collaboration‖ in Japan based on the analysis of newspaper articles form the 1990's to the 

present. 

3. Methodology of This Study 

As research methods, firstly, articles including the word "industry academia collaboration" were 

searched and collected from Yomidas Rekishikan [14] that was a database of newspaper articles. By 

keyword search with this database, articles published in the Yomiuri Shimbun, which is the common 

press and has the largest circulation in Japan, could be extracted. The search method was full text 

retrieval, and the search scope was the whole country edition published from 1987 to 2014. 

Secondly, the words appearing frequently in the articles were extracted utilizing KH Coder [15] that 

was a text mining software of the Japanese language. The part of speech of words was limited to 

nouns, because the topics of the articles could be comprehended by nouns included in the articles. In 

order to avoid picking up too minor topics of the articles and extracting too general words which did 

not indicating the topics of the articles, the minimum number of words appearance and the maximum 

number of articles where words appeared were determined. If extracted words still included the words 

which were judged not to indicating the topics of the articles, they were removed from the analysis 

object. 

Thirdly, the words were classified into several clusters by cluster analysis. The data which were the 

basis for the calculation of cluster analysis were the relation between the words and the articles. In 

other words, it was how many times each word appeared in each article. The calculation method of 

distance was Euclidean distance, and the distance between clusters was defined by Ward's method. 

Based on the dendrogram drawn as the result of cluster analysis, the words could be classified into 

several clusters. Examining the topics of articles which included many words of each classified cluster, 

the clusters were attached names which were appropriate to express the features of the clusters on the 

whole. 
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Fourthly the relation between the clusters and the years was analyzed. It was analyzed how many 

times the words belonging to each cluster appeared in each year. Moreover, in order to visualize the 

relation between the clusters and the years, the data was analyzed by dual scaling method [16]. As the 

result of the analysis by dual scaling method, the clusters and the years were plotted in the same 

scatter diagram and the relation was expressed as the distances between them in the diagram. 

Lastly, the problems and the suggestions were discussed based on the results of the above analyses. The 

results were compared with the history of events related to industry academia collaboration in Japan. 

Characteristic points from the results of the above analyses were investigated. Moreover, the 

suggestions for policies and measures were discussed considering the problems. 

4. Results of the Analyses 

(1) Articles Including "Industry Academia Collaboration" 

Searching the database, 960 articles were collected. The articles were the analysis object hereinafter. 

Fig.1 shows the trend of the numbers of articles. Few articles (0~2 articles) were seen from 1987 

 

to 1995, and the number of articles increased rapidly since 1996. The number reached the peak (112 

articles) in 2004, and generally decreased rapidly since 2005. The number reached the bottom (17 

articles) in 2011, and recovered to some extent from 2012 to 2014. 

Fig.2 shows the trend of the numbers of words and characters of articles. Both of the numbers of 

words and characters had almost the same tendency as the numbers of articles except that the peak was 

in 2003. Examining the contents of articles from 2002 to 2005, articles in 2003 including feature 

articles taking up topics related to industry academia collaboration, which had large quantity of 

description, more than those in 2002, 2004 and 2005. That was the reason why the peak was in 2003. 

It was understood that the press had strong interest in the trend of industry academia collaboration in 

2003. 
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(2) Extraction of Frequent Appearance Words 

Table 1 shows the numbers of extracted words by the minimum number of words appearance and the 

maximum number of articles where words appeared. The numbers of words which were 96~384 and 

192~480 were equivalent to the numbers which were 10％~40％ and 20％~50％of 960 articles, 

and the incremental span of the row and the column of the table was 32. The most suitable case in the 

table to be analyzed in this study was searched. 

 

 

As for the minimum number of words appearance, the number which had the fewest of words 

expressing  minor  topics  and  had  the  most  of  words  expressing  major  topics  

was  investigated. 

Examining the  relation between the  words extracted by  KH Coder  and  the contents of  

articles including the words, it could be found 224 in the table. 

As for the maximum number of articles where words appeared, the number which had the fewest of 

words not indicating the topics of articles and had the most of words indicating the topics of articles 

was investigated. Examining the relation between the words extracted by KH Coder and the contents 

of articles including the words, it could be found 352 in the table. 



 

 200 

On the condition that the minimum number of words appearance was 224 and the maximum 

number of articles where words appeared was 352, 149 words were extracted. All of 149 words were 

not suitable to be analyzed, and therefore 43 words which seemed too general to indicate the topics of 

articles were excluded. Remaining 106 words were to be analyzed hereinafter. In addition, "industry 

academia collaboration" was included in neither 149 words nor 106 words, because it was common to 

all of the articles and was accordingly excluded by the condition of the maximum number of articles 

where words appeared. 

Table 2 shows the list of extracted words. The largest number of words appearance was 1,904 of 

"education", the 2nd largest was 1,488 of "student", and the 3rd largest was 1,196 of "Osaka". The 

smallest number of articles where words appeared was 30 of "special district", the 2nd smallest was 66 

 

of "cell", and the 3rd smallest was 79 of "TLO" that was technology licensing organizations. The 

largest number of words appearance an article was 11.7 of "special district", and the smallest number 

of words appearance an article was 1.3 of "educational administration". There were the words 
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concentrating in specified articles and the words dispersing in many articles. 

(3) Cluster Analysis of Frequent Appearance Words 

Fig.3 shows the dendrogram which was drawn as the result of the cluster analysis of 106 words. 

Dividing 106 words with the dotted line in the dendrogram, they could be classified into 12 clusters. 
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Table 3 shows the cluster names, the included words and the numbers of appearance of included 

words. The 12 clusters could be named "human resource training (①)", "technology transfer (②)", 

"intellectual property (③)", "school education (④)", "national university corporations (⑤)", "policies 

and budgets of governments (⑥)", "local region promotion (⑦)", "production of products (⑧)", 

"business (⑨)", "startups of enterprises (⑩)", "regenerative medicine (⑪)" and "universities (⑫)". 

 

 

The minimum number of words included in each cluster was 4 of cluster ② and ③, and the 

maximum number of words was 15 of cluster ⑨. The average of the numbers of words was 8.8. The 

minimum number of appearance of included words was 1,654 of cluster ③, and the maximum 

number of appearance of included words was 6,699 of cluster ⑩. The total of the numbers of 

appearance of included words was 47,052 and the average was 3,921. Consequently, the sizes of the 

clusters dispersed widely. 

The topics indicated by the clusters diversified. Examining the contents of articles which included 

many of words belonging to each cluster, the clusters could be divided into 3 groups. The first group 

was Cluster ⑧ and ⑨ which had the highest ratio of topics on the private company among the 

private company, the university and the government. In the same way, the second group was cluster 

④, ⑪ and ⑫ which had the highest ratio of topics on the university, and the third group was cluster 

①, ②, ③, ⑤, ⑥, ⑦ and ⑩ which had the highest ratio of topics on the government. As a 

whole, the topics indicated by the clusters inclined toward the government. 

As characteristic words among 106 words, there were country names and region names. These 

words were closely related to specified topics of the articles. Examining the contents of related articles, 
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the relation between the articles and these words were investigated. 

Cluster ⑥ included America and Kyoto. It was revealed that America's policies and laws were 

often mentioned as the precedent of Japan's policies and laws in related articles, and new policy 

measures were often discussed at the Kyoto International Conference Center and were in some cases 

applied to Kyoto area for the first time. 

Cluster ⑨ included China, Kyushu and Asia. Kyushu is the whole island located in the west part 

of Japan. It was revealed that China and other Asian countries were often mentioned as partners of 

international business in related articles, and Kyushu area has the long history of international 

exchange with continental countries and is active on international business with Asian countries. 

Cluster ⑩ included Osaka and Kansai. Kansai is the area including Osaka and Kyoto, and has the 

long history of industrial development. It was revealed that the startups of enterprises including 

venture enterprises were prosperous in Osaka and Kansai in comparison with the other districts of 

Japan. 

Cluster ⑫ included Tokyo. It was revealed that events related to universities occurred most in 

Tokyo, because Tokyo is the best place for universities diversified into the whole country to gather 

considering the convenience for transportation, and universities are located most in Tokyo. 

(4) Analysis of the Trend of Clusters 

Fig.4 shows the trend of the numbers of words appearance according to clusters. As for the total 

numbers of words appearance, the same tendency as Fig.1 could be seen except that the peak was in 

2003. It was assumed that articles in 2003 included feature articles taking up topics related to industry 

academia collaboration caused this situation in the same way as Fig.2. 

 

 

 

Examining the largest annual number of each cluster from 1996 to 2014 except 2003, the number of 
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cluster ② and cluster ⑫ were the largest respectively in 2000 and in 2004. It was revealed that 

events related to "technology transfer" appeared many times in the news in 2000 earlier than the other 

topics of the clusters, and events concerning "universities" was many times in the news in 2004 

slightly later than the other topics of the clusters. 

Fig.5 shows the trend of the ratios of words appearance according to clusters. Examining the largest 

ratio in each year from 1996 to 2014, the clusters of the largest ratio were cluster ① in 2012, cluster 

④ in 2000, 2003, 2005 and 2008, cluster ⑥ in 2010 and 2013, cluster ⑦ in 1997, 1999 and 

2009, cluster ⑩ in 1996, 1998, 2001, 2002, 2004, 2006, 2007 and 2011, and cluster ⑪in 2014. 

The total words appearance of cluster ④, ⑥, ⑦ and ⑩ were either more than 5,000, and the 

total words appearance of cluster ① and ⑪ were either less than 5,000. 

Besides cluster ④, ⑥, ⑦ and ⑩, the total words appearance of cluster ⑨ was more than 

5,000. The fluctuation of the ratios of cluster ⑨ was 8.8%~17.1%, which was smaller than either of 

 

cluster ④, ⑥, ⑦ and ⑩. It was understood that the topics on business were taken up 

constantly in each year. 

Cluster ① and ⑪ concentrated in specified years. The ratio of Cluster ① was 13.1% in 2012 

and 2.0%~7.9% from 1996 to 2014 except 2012. The ratio of cluster ⑪ was 18.6% in 2014 and 
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1.1%~7.4% from 1996 to 2014 except 2014. It was understood that there were the topics on "human 

resource training" in 2012 and the topics on "regenerative medicine" in 2014. 

The result of the analysis showed in Fig.4 and Fig.5 had limitations for clarifying the relation 

between the clusters and the years. Accordingly, dual scaling analysis was conducted. Fig.6 shows the 

result of dual scaling analysis of the clusters and the years from 1996 to 2014. The years from 1987 to 

1995 were excluded from the analysis object, because the numbers of words appearance were too 

small as statistics. 

It was revealed that cluster ① and 2004, cluster ② and 2000, cluster ③ and 1998, cluster ④ 

and 2000, cluster ⑤ and 2006, cluster ⑥ and 2002, cluster ⑦ and 2009, cluster ⑧ and 

1999, 2010 and 2011, cluster ⑨ and 2012, cluster ⑩ and 2002, cluster ⑪and 2014, and cluster ⑫ 

and 2008 were respectively plotted closely in the scatter diagram. Changing the viewpoint of Fig.6, it 

was 

elucidated that the important points of the articles changed into in turn, "intellectual property" in 1998, 

"production of products" in 1999, "technology transfer" and "school education" in 2000, "policies and 

budgets of governments" and "startups of enterprises" in 2002, "human resource training" in 2004, 

"national university corporations" in 2006, "universities" in 2008, "local region promotion" in 2009, 

"production of products" in 2010 and 2011, "business" in 2012 and "regenerative medicine" in 2014. 

It could be said that the word "industry academia collaboration" spread into the policies and the 
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society in Japan through such process. 

The characteristics was that 1996, 2000, 2009, 2014, cluster ②, cluster ④, cluster ⑦ and cluster 

⑪ were plotted apart from the other years and the other clusters and in the peripheral area. It was 

assumed that they were characteristic years and clusters which were strongly related to specified 

topics. 

5. Discussion 

From the above, the process where the word "industry academia collaboration" spread into the 

policies and the society was elucidated. The relation between the process and the events from the 

middle of 1990's to the present was examined as below. 

Table 4 shows the history of events related to industry academia collaboration. The process of the 

spread of the word "industry academia collaboration" elucidated in 4.(4) was compared with the events 

presented in Table 4. As the case that the influence of events was relatively obvious, the enforcement 

of the Act on the Promotion of Technology Transfer from Universities to Private Business Operators 

(the TLO Law) in 1998 and "intellectual property" in 1998, the enforcement and the enactment of the 

Industrial Technology Enhancement Act in 2000 and "technology transfer" in 2000, the start of the 

Industrial Cluster Plan in 2001 and the start of the Intellectual Cluster Project in 2002 and "policies 

and budgets of governments" in 2002, the announcement of the 1,000 University-led Venture 

Companies Plan in 2001 and "startups of enterprises" in 2002, the enactment and the enforcement of 

the National University Corporation Law in 2003 and "national university corporations" in 2006, and 

the Nobel Prize in Physiology or Medicine to the research on iPS cells and "regenerative medicine" in 

2014 could be enumerated. 

Regarding the years plotted in the peripheral area of Fig.6 except 2000, it was discussed what 

influenced them. As for 1996, the enactment and the enforcement of the Science and Technology Basic 

Law [17] and the formulation of the 1st Science and Technology Basic Plan [18] caused the rapid 

increase of articles. Table 5 shows the description of the parts of the law and the plan relating to 

industry academia collaboration. Industry academia collaboration is mentioned in paragraph 2 of 

article 2 of the law with the phrase that is "organic cooperation of national research institutes, 

universities and private sector etc.", and in chapter 1, Ⅱ, (2) with the title that is "Constructing a 
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Cooperation and Exchange System beyond Sectors, Regions and Nations". However, 1996 was plotted 

apart from the other years and the clusters, because the number of words in 1996 was small and the 

connection to any cluster was not strong. 

As for 2009, it was assumed that the start of the Government Budget Screening influenced the 

relation to "local region promotion". The Government Budget Screening in 2009 [19] took up many 

policy measures for promoting local regions, and therefore the articles related to the topics on "local 

region promotion" increased. 
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As for 2014, though Prof. Yamanaka received the Nobel Prize in Physiology or Medicine to the 

research on iPS cells in 2012 [20], it was insufficient to explain the relation between 2014 and 

"regenerative medicine". There was the news that iPS cells were created from live cancer cells by a 

Japanese researcher and others of America's university in 2010 [21], and it was detected to be a 

fabrication afterwards. In addition, there was the news that STAP cells making it easier than iPS cells 

to create pluripotent cells were created by a 30-year-old woman of the Institute of Physical and 

Chemical Research in 2014 [22], and it was also detected to be a fabrication afterwards. The news on 

these deplorable events influenced the relation between 2014 and "regenerative medicine" more 

strongly than the news on the Nobel Prize to iPS cells. 

As mentioned in 4.(3), the topics indicated by the clusters inclined toward the government. 

Examining the contents of the articles, there were small number of the articles dealing with the results 

of industry academia collaboration or autonomous projects by private companies and universities. As a 

problem, it can be pointed out that many projects have been promoted by the initiative of governments 

up to the present and few visible fruits have been achieved. It is suggested that the expansion of 

competitive research funds promoting autonomous projects by private companies and universities is 

necessary. 

As mentioned in 4.(1) and 4.(4), the number of articles generally decreased rapidly since 2005, and 

"intellectual property" and "technology transfer" (cluster ③ and ②) were the important points of 

the articles in 1998 and 2000.   Policy measures promoting technology transfer were conducted 

especially 

in early stage. Shimoda [23] mentioned that the conversion from individual ownership to institutional 

ownership of intellectual property was achieved in association with the incorporation of national 

universities in 2004. Many TLOs were established based on the TLO Law, and 36 approved TLOs and 

2 authorized TLOs exist at present [24]. However, expected fruits were not obtained, and therefore the 

interest of the society in industry academia collaboration became weak. As a problem, the policies 

relating to industry academia collaboration focused on quick transfer of intellectual property right 

from universities to private companies. It is suggested that the institution not demanding quick results 

but promoting long term activities by private companies and universities is necessary. 

6. Conclusion 

In conclusion, it was elucidated that the important points of the articles changed into in turn, 

"intellectual property" in 1998, "production of products" in 1999, "technology transfer" and "school 

education" in 2000, "policies and budgets of governments" and "startups of enterprises" in 2002, 

"human resource training" in 2004, "national university corporations" in 2006, "universities" in 2008, 

"local region promotion" in 2009, "production of products" in 2010 and 2011, "business" in 2012 and 

"regenerative medicine" in 2014. It could be said that the word "industry academia collaboration" 

spread into the policies and the society in Japan through such process. 
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As policy implications, it is suggested that the expansion of competitive research funds promoting 

autonomous projects by private companies and universities is necessary. Moreover, it is suggested that 

the institution not demanding quick results but promoting long term activities by private companies 

and universities is necessary. 

As a future research task, a study of the text mining analysis of government documents such as the 

Science and Technology Basic Plans, the White papers on Science and Technology and the budget 

documents for promoting science and technology should be conducted. In addition, a study of the text 

mining analysis of the evaluation reports of national projects based on the cooperation between private 

companies and universities should be conducted. 



 

 210 

References 

[1]. Ministry of Education, Culture, Sports, Science and Technology, State of affairs concerning 

industry academia collaboration activities of universities in fiscal year 2013, http://www.mext.go. 

jp/a_menu/shinkou/sangaku/1353580.htm, 2015. 

[2]. Ministry of Economy, Trade and Industry, Implementation report on the basic survey of 

university-led venture companies (conducted by Japan Economic Research Institute Inc.), p.2, 

2009. Y. Harayama, Industry Academia Collaboration : Toward System Design Enhancing 

Innovative 

[3]. Power pp.ⅲ-ⅳ, Toyo Keizai Inc., Tokyo Japaa, 2003. 

[4]. Ministry of Education, Culture, Sports, Science and Technology, MEXT's organization chart, 

http://www.mext.go.jp/b_menu/soshiki2/04.htm, 2015. 

[5]. Ministry  of  Education,  Culture,  Sports,  Science and Technology,  Industry  academia  

and government collaboration and promotion of regional science and technology, 

http://www.mext.go. jp/a_menu/02_f.htm, 2015. 

[6]. Ministry of Economy, Trade and Industry, METI's organization chart, http://www.meti.go.jp/ 

intro/downloadfiles/a_soshikizu.pdf,   2015. 

[7]. Ministry of Economy, Trade and Industry, Regarding policy measures for industry academia and 

government collaboration, http://www.meti.go.jp/policy/innovation_corp/top-page.html, 2015. 

[8]. Ministry of Agriculture, Forestry and Fisheries, Outline of the Agriculture, Forestry and 

Fisheries Research Council, http://www.s.affrc.go.jp/docs/gikai/ninmu.htm, 2015. 

[9]. Ministry of Agriculture, Forestry and Fisheries, Promotion of industry academia and 

government collaboration, http://www.s.affrc.go.jp/docs/sangakukan.htm, 2015. 

[10]. A. Nagahira, Outline of Industry Academia Collaboration Promotion Policies and Intellectual 

Property Relevant Policies in Japan, Introduction to Industry Academia Collaboration Science 

(Textbook) (1st edition) pp.5-11, Japan Society for Intellectual Property Production, Sapporo 

Japan, 2007. 

[11]. T. Yoshimura, University-Industry Collaboration as Science and Technology Policy and Industrial 

Policy, University-Industry Collaboration in Japan pp.31-80, Tamagawa University Press, Tokyo 

Japan, 2007. 

[12]. Y. Yamaguchi, A Transition of the Government Measures Involving Industry-Academia 

Collaboration Based on the Analysis of the White Papers on Science and Technology, Industry 

Academia Collaboration Science Vol.4 No.2 pp.54-65, Japan Society for Intellectual Property 

Production, 2008. 

[13]. K. Yamamoto and H. Kameyama, An Analysis of Government-University-Industry Collaboration 

Articles in a Newspaper which Specializes in Business and Industrial Affairs, Industry Academia 

Collaboration Science Vol.7 No.1 pp.42-55, Japan Society for Intellectual Property Production, 

2010. 

[14].  Yomidas Rekishikan, The Yomiuri Shinbun, https://database.yomiuri.co.jp/rekishikan/, 2015. 

[15]. K. Higuchi, KH Coder, http://khc.sourceforge.net/, 2015. 

[16]. S. Nishizato, Quantification of Qualitative Data : Dual Scaling Method and Its Application, 

Asakura Publishing, Tokyo Japan, 1982. 

[17]. Science and Technology Basic Law, enacted and enforced in 1995. [18] Cabinet Decision, 1st 

Science and Technology Basic Plan, 1996. 

[18]. Government Revitalization Unit, Government Budget Screening (November 2009), http:// 

www.cao.go.jp/sasshin/oshirase/shiryo.html, 2015. 

[19]. Yomiuri Shimbun, Prof. Yamanaka has received the Nobel Prize in Physiology or Medicine, 

morning edition Oct. 9, 2012. 

http://www.mext.go/
http://www.mext.go.jp/b_menu/soshiki2/04.htm,
http://www.mext.go.jp/b_menu/soshiki2/04.htm,
http://www.mext.go.jp/b_menu/soshiki2/04.htm,
http://www.mext.go/
http://www.meti.go.jp/
http://www.meti.go.jp/policy/innovation_corp/top-page.html
http://www.s.affrc.go.jp/docs/gikai/ninmu.htm
http://www.s.affrc.go.jp/docs/sangakukan.htm
http://khc.sourceforge.net/


 

 211 

[20]. Yomiuri Shimbun, iPS cells have been created from liver cancer cells by a Japanese researcher 

and others of America's university, morning edition Feb. 24, 2010. 

[21]. Yomiuri Shimbun, New type pluripotent cells named STAP cells, which can be made more easily 

than iPS cells, have been created by a 30-year-old woman of the Institute of Physical and 

Chemical Research, morning edition Jan. 30, 2014. 

[22]. R. Shimoda, Intellectual Property Management of National University Corporations : Shift to 

Institutional Ownership and its New Challenges, Journal of Intellectual Property Association of 

Japan Vol.1 No.1 pp.43-51, Intellectual Property Association of Japan, 2004. 

[23]. Japan Patent Office, List of approved and authorized TLO (Technology Licensing Organization), 

http://www.jpo.go.jp/kanren/tlo.htm, 2014. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.jpo.go.jp/kanren/tlo.htm
http://www.jpo.go.jp/kanren/tlo.htm
http://www.jpo.go.jp/kanren/tlo.htm


 

 212 

THC2015_NO.133 

The role of innovation poliscy in regional Triple Helix system  

development—Towards an analytical framework 

Sub-theme: Science, Technology and Innovation Policy or Advancing  

Triple Helix Theories. 

Yuzhuo Cai (Corresponding author) 

Higher Education Group, School of Management, University of Tampere, Finland 

yuzhuo.cai@uta.fi 

Rhiannon Pugh 

Institute of Entrepreneurship and Enterprise Development, Lancaster University Management School, 

UKr.pugh@lancaster.ac.uk 

Cui LiuCollege of Civil Engineering and Architecture, Zhejiang University, Chinacui_liu@zju.edu.cn 

 

Abstract:This paper develops a framework for analyzing the role of innovation policy in regional 

innovation system development, incorporating both tangible and intangible elements of the innovation 

system. To verify the framework, it is applied in two case studies of attempts by regional governments 

to create a knowledge-driven economy through Triple Helix approaches respectively in Shanghai in 

China, and Wales in the UK. In so doing, it allows us to identify the strengths and weaknesses, the 

gaps and concentrations in policy approaches, thus elucidating where efforts have been successful or 

otherwise. The result is hopefully a tool for governments and researchers to identity what has worked 

in terms of innovation policy, and where more efforts are needed. Our key contribution is to 

conceptualize more clearly the wider enabling conditions which are too often ignored in innovation 

policy studies, providing two examples of how this has been done in „real world‟ regions.  
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1.  Introduction 

Along with the increasingly important role of innovation in the knowledge economy, innovation 

policy has been accepted into the main stream of public policy (McCann & Ortega-Argilés, 2013). 

Both the design and research of innovation policy take place in the context of developing innovation 

systems at various geographical levels (Flanagan, Uyarra, & Laranja, 2011; B. Å. Lundvall, 2007). 

Innovation systems consist of complex functions and interactions among various organisations, 

including government, enterprises, universities and research institutes, as well as institutions, for 

example policies and social norms, with the ultimate goal of boosting technological innovation and 

hence enhancing economic competitiveness (Edquist, 1997; Kumaresan & Miyazaki, 1999; B.-Å. 

Lundvall, 1992; Nelson, 1993; OECD, 1999). Such an understanding implies that innovation 

performance is contingent with a variety of factors as well as the links between them, and thus a 

systemic perspective on innovation policy is necessary (Edquist, 2011; B. Å. Lundvall, 2007). In this 

light, we understand that ‗innovation policy comprises all combined actions that are undertaken by 

public organisations that influence innovation processes‘ (Borràs & Edquist, 2013, p. 3) and it is 

intended for addressing ‗system failures‘ (Christensen, 2012). 

While there are high expectations that innovation policy would forester innovation, it has been less 

understood how innovation policy actually promotes innovation process (Flanagan et al., 2011; Martin, 

2013). This can largely be accounted for by two reasons: first, the innovation process is too complex 

to be grasped by both researchers and policy-makers; second, the goals of innovation policy tend to be 

ambiguous and hard to measure (Flanagan et al., 2011; Martin, 2013). Hackett and Science (2008) 

deploy that innovation policy often consists of ill-formed premises, which lead to inherent 

contradictions.  

These concerns about innovation policy indicate that our knowledge about what innovation policy can 

contribute to innovation process remains partial. Thus, our paper tries to bridge the gap by asking two 

questions: how to construct a framework for analysing the role of innovation policy fostering regional 

innovation system development following a systematic approach? And how such framework can be 

applied in empirical analyses, i.e. Tongji Creative Cluster (Cai & Liu, 2015) in Shanghai, China and 

the Triple Helix system development in Wales (Pugh, 2014), the UK? It is our premise that more 

studies of regional innovation policy in different contexts, and more comparisons to draw out the 

lessons and insights this can provide, is paramount to increase our understanding of innovation policy 

processes in the ‗real world‘, leading to better recommendations to theory and practice.  

When understanding regional innovation systems, we employ both the perspective of the Triple Helix 

model, originally developed by Etzkowitz and Leydesdorff (1995, 1997), and that of the Regional 

Innovation System (Braczyk et al. 1998) for understanding the dynamic interactions between 

university, industry and government, which foster entrepreneurship, innovation and economic growth. 
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It has been argued that ‗the Triple Helix model reduces the complexity of the dynamics at play in the 

innovation systems of the knowledge economy‘ (Zheng, 2010, p. 41). In such a direction, Ranga and 

Etzkowitz (2013) further develop the concept of ‗Triple Helix systems‘ as an analytical construct that 

synthesizes the key elements in innovation systems, with a particular focus on the Triple Helix 

interactions between university, industry and government.  

Both case analyses have used the case study approach (Eisenhardt 1989; Simons 2009; Yin 2003) 

taking the region as the level of analysis and combining methods to achieve a solid understanding of 

what policy is being implemented and how successful thus has been. Both case analyses consist of two 

main methods: a systematic review of policy in the past two or three decades, and in depth interviews 

with stakeholders in the regional innovation systems. The lists of relevant policies and programmes 

included in the two cases are listed respectively in appendices 1-4. 

The paper is structured as follows. In the next section, we provide a literature review of the innovation 

policies with a focus on identifying the gaps in innovation policy analysis. As an attempt to bridging 

the gaps, in the following section, we construct our analytical framework, which considers innovation 

policy as an (ideal) actualisation of triple helix approaches nested within a wider systemic 

conceptualisation addressing the wider institutions and underpinning structures and cultures which 

nourish innovation, is presented. In short, the innovation policy is seen as a set of instruments to 

intervening the enabling conditions of a regional innovation (or Triple Helix) system. Then, this idea is 

operationalised in the study of two distinct cases – in Wales and China – to draw out both policy 

lessons and theoretical insights derived from the ‗real world‘ application of theory to innovation policy. 

Following the presentation of both case studies is a discussion section, finally followed by a 

conclusion which presents both policy and theoretical learnings and considers where next for triple 

helix informed innovation policy and studies.  

2.Innovation policies and analysis approaches: A critical literature review 

2.1 Innovation policies in multiple contexts 

As our understanding of innovation, and its crucial role driving economic development has grown, it 

has become an increasingly important area of regional innovation systems across Europe and China 

alike (Bellini & Landabaso 2007 p. 273); Chen and Guan 2011; (McCann & Ortega-Argiles 2013); 

(Chen & Guan, 2011; Wang & Li, 2013). (Piccaluga 2006 p. 273) notes that policy makers all over the 

world have come to realise that regional policies for research and innovation are ―absolutely necessary 

in the current international economic scenario‘. As such, the academic study of innovation policy has 

grown in line with increasing interest in the policy practice sphere, with several scholars illuminating 

the dynamics and issues surrounding innovation policy, and also providing frameworks for its study 

(for example: (Bach & Matt 2005; Edquist 2005; Flanagan et al. 2011; Kuhlmann 2001; B.-A. 

Lundvall & Borras 2005; B.-Å. Lundvall & Borrás 1997; Oughton et al. 2002; Tödtling & Trippl 

2005). 
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A key debate within the literature on innovation policy, to which this paper contributes, is to what 

extent a ‗copy and paste‘ (Piccaluga 2006 p. 273) approach can be followed whereby regions adopt 

best practice from elsewhere (usually stronger regions). Whilst recognising the potential strengths of 

this innovation policy approach, (Tödtling & Trippl 2005) argue that it is used in an undifferentiated 

manner for all kinds of regions rather than taking into account the specific strengths and weaknesses 

of different places. These authors assert that ‗policy conclusions which are drawn from the analysis of 

―success stories‖ are only of limited use for less favoured regions‘, as their innovation capabilities 

deviate in many respects from these ‗role models‘. They call for more differentiated innovation 

policies dealing with specific innovation barriers in different types of regions (Tödtling & Trippl 2005 

p. 1204). (Piccaluga 2006 p. 273) agrees; whilst it is certainly necessary for regions to analyse and 

replicate best practices, especially as a starting point, each territory has its own history and economic, 

social and technological trajectories that have to be acknowledged in policy design. (Nauwelaers & 

Wintjes 2003 p. 218) are strong advocates for a regionally differentiated innovation policy, but they do 

recognise the potential usefulness of importing best practice from elsewhere: ‗Similar… problems 

need to be tackled differently according to the regional context, but also there is scope for importing 

elements of good practices from one context to another‘.  

(Uyarra 2007 p. 256) is more critical, and sees a ‗productivist and top down approach‘ to regional 

innovation policy prevailing, which places a ‗naive emphasis on benchmarking and imitating from 

other successful regions and experiences‘. She calls for better investigation into the formulation and 

implementation of innovation policies in a multilevel, multi-actor context, to which there has been 

dedicated thus far little critical analysis. It is not clear whether the alleged elements of regional success, 

such as societal spatial or institutional thickness are outcomes or preconditions for successful regional 

innovation policy (Uyarra 2007 p. 254), causing us to fundamentally question how appropriate 

innovation policy is for lagging regions which do not have these pre- requisites in place. Regional 

governance structures are crucial for the innovative capabilities of a region and are composed of: a 

control and regulatory structure that brings governmental and societal actors together, with both 

formal and informal aspects, characterised by hierarchical, competitive, and cooperative inter-actor 

relations (Heidenreich & Koschatzky 2011 p. 534).  

3.  Approaches of analysing innovation policy 

Some models or frameworks have been proposed to assist us in the complex task of analysing 

innovation policy, and some of the key contributions are briefly introduced here, upon which the 

framework presented in the paper builds. The concept of ‗policy mix‘ has been employed by scholars  

attempting to conceptualise the interactions and interdependencies between different policies and how 

they affect the extent to which policy outcomes are achieved (Flanagan et al. 2011 p. 702). (Edler & 

Georghiou 2007 p. 953) provide a taxonomy of innovation policy tools based on a distinction between 

supply and demand side measures, with the supply side further divided into finance and services. 
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Under the supply side these authors group grants for industrial R&D and public sector research, fiscal 

measures, equity support, support for training and mobility, information support, and networking 

measures; they see systemic policies, regulation, public procurement, and support of private demand 

as demand side measures. These authors argue for increased focus by on demand side measures with 

greater potential to drive forward innovation than supply side measures, with a particular emphasis on 

public procurement (Edler & Georghiou 2007). (Gil et al. 2003) also recognise supply and demand 

side instruments, but have not categorised them according to this rationale. Instead they see five 

groups of innovation policy instruments: direct support schemes for R, D & I projects; technical 

personnel introduction schemes; technology centres and schemes fostering technological diffusion to 

SMEs; mobility schemes for researchers; innovation brokers and advisors. These categories are useful 

to guide and inform the search for innovation instruments in Wales, but because their study was geared 

specifically towards policy supporting innovation in SMEs we must also look for interventions 

supporting innovation beyond this sphere. 

(Nauwelaers & Wintjes 2003 p. 312) have developed a different approach to categorising innovation 

supports; they divide supports two ways based on whether they are oriented towards the firm or the 

regional/system level, and whether the mode of support is aiming to input resources or to support 

change in behavioural and learning processes. These authors divide interventions based on the linear 

approach to innovation, and those with an interactive basis more attuned to the theories discussed 

below. They also distinguish between proactive and reactive policy, recognising four groups of 

policies aimed at: raising the endowment of the firm and of the region, stimulating behavioural change 

at the firm level, and supporting cluster formation at the regional level. Their framework has been 

applied to innovation policies and programmes in twelve European regions, and so has been 

empirically tested. However, due to the multi-dimensional nature of their framework, which 

differentiates between firm and regional level, and also by the mode of support, it is found to be quite 

complex. Also, because it is specifically geared towards SME innovation supports it is not quite ideal 

for the purposes of this study.  

(Garofoli & Musyck 2003 p. 119/120) have a similar but slightly simpler categorisation and group the 

innovation supports according to whether they are firm-oriented, system-oriented, or process-oriented. 

Firm oriented support includes grants and loans for R, D & I and the introduction of research or 

technical personnel into SMEs. System-oriented support includes policies based around technology 

centres and technological diffusions schemes, innovation brokers, and researcher mobility schemes. 

The process-oriented support category is somewhat less straightforward; it consists of ‗pro-active 

actions and initiatives‘ and the upgrading of local and regional innovation systems (Garofoli & 

Musyck 2003). The premise behind these two approaches (Garofoli & Musyck 2003; Nauwelaers & 

Wintjes 2003), that innovation interventions can be viewed either as firm or system oriented, is an 

interesting one, but is not ideal for this study because it is not only innovation interventions aimed at 

the firm that are being examined.  
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(McCann & Ortega-Argiles 2013) introduce yet another approach to classifying innovation policy, 

organising interventions according to the type of region based on needs (see Table 1). These authors 

also distinguish between ‗traditional‘ and ‗networking‘ innovation policies. The former are those 

which focus on particular sectors, often high-tech, and are based on a market failure argument; the 

latter take a ‗systems-type‘ view and focus on building ‗linkages, networks, and synergies‘ between 

existing actors in the different sectors (McCann & Ortega-Argiles 2013 p. 204). Whilst the 

organisation of support based on regional characteristics is interesting in the context of studying a 

weaker region, it is not clear where Wales would fit due to the strong presence of both industrial and 

service employment, and a strong public sector presence.  

Table 4.  Innovation Policy Interventions to Meet the Needs of Different Regions 

Type of Region Priorities/Needs of Region Policy Interventions 

World-class 

performing 

regions. 

Strengthening the 

private-public sector 

relationships. Attraction of 

global talents. Maintaining 

existing knowledge-related 

strengths. 

Enhancing collaborations, promoting 

knowledge exchanges, engaging local 

SMEs in networks, strengthening 

existing links with local universities and 

research centres.  

Industrial 

employment 

based regions. 

Increasing the number of firms 

engaging in innovative 

activities. Diversifying the 

region‘s activities. 

Establishing/building up 

collaborative networks. 

Establishing/fostering emerging 

knowledge exchanges. 

Policy interventions are starting at a 

much lower level than in advanced 

regions. Emphasis on direct 

interventions to stimulate innovation in 

the hope that cultural change will 

emerge naturally from innovation 

successes.  

Service sector 

and public 

R&D based 

regions. 

Major challenges related to 

better exploit and 

commercialise existing 

research.  

Finding ways to link the public and 

private sectors, developing a strategy for 

regional innovation via linking 

stakeholders, aligning local institutions 

with each other and with national 

institutions, and encouraging new 

innovators.  

(Source: Author‘s elaboration of McCann & Ortega-Argilés, 2013) 

(Flanagan et al. 2011 p. 707) discuss the concept of innovation ‗policy instruments‘, which are the 

actual actions taken under the innovation policy banner; the example studied in their paper is the 

innovation voucher, and they examine the variety of schemes implemented in different locations under 

this bracket. Their study highlights some of the problems in studying innovation policy instruments: 

there will always be uncertainty about which aspect of the instrument is responsible for any observed 

effect; instruments are not necessarily stable over time and space in terms of rationales, goals, or 

means. Policy instruments can ‗harden‘ over time into new actors and institutions, and fundamentally 

change the context within which future policy and innovation processes occur (Flanagan et al. 2011 p. 

707). Indeed, policy is ever shifting and unfolding over time, and that policy must be analysed in ‗a 

context of pre-existing policy mixes and institutional frameworks that have been shaped through 

successive policy changes‘ (Uyarra 2010)). (Ringeling 2005 p. 192) explains that we cannot examine 
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single instruments in isolation because ‗their actual state is influenced by the fact that they always 

come in a mix‘. In light of these insights, this study is designed as a longitudinal one, so that the 

evolution of innovation policy and interventions can be examined; rather than seeing them in isolation 

from their geographical and temporal context, and in isolation from one another.  

4. Analytical Framework 

What first we learn from existing literature is that different regions have their own needs and priorities, 

and different forms of governance structures to address innovation. This means that a policy or 

programme that works well in one region may not be applicable or useful in another setting. Second, 

the different frameworks and approaches employ innovation theory imply that there are certain 

enabling conditions for regional system development but they may not always consistent with local 

conditions especially in less developed regions. In the light of this, we develop an analytical 

framework which identifies enabling conditions for regional innovation system from the Triple Helix 

perspective and highlight the key issues to be tacked when understanding potential effects of 

innovation policies on the enabling conditions.  

4.1 The concepts of a Triple Helix system and enabling conditions 

Following the suggestion by Edquist (2001, p. 11) that when applying the system of innovation 

approach as a conceptual tool in empirical analyses, one must be aware of concrete conditions that 

affect the innovation systems, we focus our understanding on the role of innovation policy in regional 

Triple Helix system development on how innovation policy may affect the system‘s enabling 

conditions.    

The main thesis of the Triple Helix model (Etzkowitz & Leydesdorff, 1995, 1997) is that the 

interactions between university, industry and government are optimal conditions for innovation. 

Conceptually, triple helix is indeed increasingly being blended with a system of innovation approach, 

particularly in the regional dimension, and in this light Ranga and Etzkowitz (2013) develop the 

concept of Triple Helix systems, which are sustained by three key elements, namely: components in 

the systems, relations between components, and functions of the systems. The basic components are a 

number of actors within or across the spheres of university, industry and government. The relations 

between the three sectors include, for example, technology transfer, collaboration and conflict 

moderation, collaborative leadership, substitution and networking, etc. The major function of a Triple 

Helix system is to generate, diffuse and utilise knowledge and innovation. These functions are 

achieved through the competencies of knowledge generation and diffusion, hybrid organisation and 

entrepreneurs, and bringing together university, industry and government in discussion to reach 

consensus in a knowledge-based economy. Ranga and Etzkowitz (2013) label the three competencies 

‗Triple Helix spaces‘, namley the knowledge, innovation and coensues spaces. 

It is our premise here that these wider enabling conditions are often ignored in studies of regional 

innovation policy, which focus overwhelmingly on narrowly defined (and explicit) innovation policy. 
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However, as these conditions are so central to the development of a successful innovation system we 

call for them to be conceptualised, and indeed codified, more clearly and incorporated formally into 

analyses. In order to do this a clear and practical framework is required, the development of which is 

explained here. 

A careful reading of the study by Ranga and Etzkowitz (2013) reveals the following major enabling 

conditions: 

 Competencies of universities in knowledge and technology generation and diffusion. 

 Absorptive capacity and demand of industry for knowledge and technology. 

 Supportive infrastructures, including fiscal measures, for formation and development of high-tech 

start-ups, university spin-offs, and other kinds of organisations for university technology transfer.  

 Institutional entrepreneurs who enunciate a vision for knowledge-based development and bring 

leadership of the three spheres together. 

Since Ranga and Etzkowitz (2013) mainly seek to describe generic features of Triple Helix systems, 

they have not touched upon how political and socio-economic contexts might affect the Triple Helix 

activities. Indeed, one criticism of Triple Helix is that the model has paid little attention to national 

contexts (Balzat & Hanusch, 2004; Shinn, 2002, p. 610) and other social settings (Cooke, 2005, p. 

1130). The issue of contextual effects on Triple Helix development has been explored by (Cai, 2014, 

In press), who identifies the following seven logics that are aligned with activities of an ideal/balanced 

model of Triple Helix originating from successful innovation stories in Western societies. These can 

also be considered as enabling conditions promoting networks and interactions between university, 

industry and government as depicted in the balanced Triple Helix model. Compared to aforementioned 

enabling conditions, which are tangible in nature, the seven institutional logics can be considered 

intangible conditions. 

 Logic of knowledge as the key to economic growth in the field of government and industry 

 Logic of market at the state level 

 Logic of process oriented knowledge management in the fields of industry and academia 

 Logic of intellectual property (IP) protection in the field of industry 

 Logic of civil society at the state level 

 Logic of competition in the field of university and industry 

 Logic of democracy in the field of government 

The consideration of institutions and enabling conditions for innovation and economic growth, and in 

particular the enabling role of governments within this, is an important area of research. This leads us 

to a consideration of innovation policy specifically as a function of government in supporting 

innovation and economic growth more generally, and where it fits into the theoretical frameworks of 

innovation systems and triple helix considered here. We suggest the marriage of triple helix and 

systems of innovation perspectives as a means of theoretically conceptualising the wider enabling 

conditions, institutions, and organisations (i.e. the system) within which the triple helix functions. It 



 

 220 

offers the potential to better understand the role of policy in innovation systems.  

4.2 Innovation policies and their possible intervention on enabling conditions for Triple Helix 

systems 

Beyond specific innovation interventions, we can see a role for policy in creating the wider systemic 

conditions for innovation to take place, providing the enabling conditions for the triple helix to 

function; what is conceptualised in this paper as the enabling conditions. This feeds into the broad 

definition provided by the European Commission of: ‗Innovation policy is about helping companies to 

perform better and contributing to wider social objectives such as growth, jobs and sustainability‘ 

(European Commission 2012). 

There are overlapping and related policy areas, which on the surface may not appear to be innovation 

related, but can have an important role to play in providing the supporting conditions and environment 

for innovation to take place (Howells 2005): for example, education, environment, procurement, tax 

and fiscal policy, immigration, and other spheres. Innovation policy is also designed and implemented 

at multiple levels and scales ranging from the local to the regional, national and international (Bache 

& Flinders 2004; Hooghe & Marks 2001). A local or regional policy can be shaped and guided by the 

policy levels above, and when examining these more geographically concentrated levels it is necessary 

to have a background understanding of the policy and political, not to mention the cultural, historical, 

and economic, contexts within which policies and programmes sit.  

Due to the intricate nature of regional innovation policies, in our study we understand innovation 

policies in a region as those governmental policies and programmes, on various levels and in different 

fields, which could either intentionally or by coincidence enhance enabling conditions of the Triple 

Helix systems in the region.  Following such understanding, we suggest that a theoretical framework 

incorporating both tangible and intangible enabling conditions of Triple Helix systems could assist in 

moving towards this broader conceptualisation of innovation policy.  In the framework, we use 

enabling conditions as a benchmark to examine what are local conditions, what are innovation policies 

and how the policies affect the conditions. To testify the framework, we will apply it in two empirical 

settings, the Tongji Creative Cluster in Shanghai and the innovation systems in Wales.  

5. Regional Innovation System Development via the Triple Helix in Shanghai, China: The case 

of Tongji Creative Cluster 

Since 1978, China has put forward a series of decentralised and market-oriented reforms to build a 

high-performing innovation system by encouraging university engagement in technology transfer to 

directly support economic development (Wang & Zhou, 2008). The Chinese innovation system largely 

follows the Triple Helix model (Zhou & Peng, 2008).The Chinese triple helix system shares four 

institutional logics with the west: belief in technology-based innovation as the key to economic growth; 

market orientation; IP protection; and market competition. However, the other three identified 

institutional logics aligned with the ideal model of a triple helix – process management, civil society, 
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and democracy – are generally absent in China (Cai, 2014).  

In spite of this overall scenario, the specific Triple Helix models for innovation may differ across 

regions; province-level regions are the basic unit for developing innovation systems in China (Chen & 

Guan, 2011). Meanwhile, as a most advanced economic region, Shanghai Municipality enjoys direct 

state-control and shares the same administrative status as province. It is now at the development stage 

transiting from investment-driven to innovation-driven economic growth (Q. Zhang, 2009).Although 

the regional innovation system in Shanghai is largely forged by the national innovation policies, it 

bares several distinct features: 1) the regional innovation capacity of Shanghai is the highest in China; 

2) the main vector of R&D has been shifted from the university to the industry, with the latter 

attracting 52% of the R&D funding and 62% of the R&D expense (R. Zhang & Sun, 2008); 3) 

Shanghai Municipal Government has set up a high level talent group by exerting strict control over 

population inflows through an urban household registration system which provides larger quotas for 

highly educated individuals but setting up a long and complicated process for the less educated and 

low-skilled (Li & Wu, 2006). 

A prominent example of an innovation policy measure is the Tongji Creative Cluster, located in the 

Yangpu District of Shanghai; a national level science park characterised by knowledge intensive 

services. It came into being by harnessing the superiority of leading disciplines at Tongji University 

(TJU), such as architecture, urban planning and civil engineering, in commercialising academic 

research and managing industrial linkages. The development of Tongji Creative Cluster can be divided 

into three stages (Cai & Liu, 2015), namely 1) spontaneous university and industry interactions 

without governmental interventions in the 1990s, 2)  emerging triple helix system with 

involvement/support of local (district) government  in the 2000s, and 3) the integration of the cluster 

into the national innovation system since 2008. The development process of the Tongji Creative 

Cluster is summarised by (Cai & Liu, 2015) as a ‗delayed government-led Triple Helix model‘. 

University Industry

Government

University Industry

Government

(The district 

government)

Government 

University Industry

Government

(The District 

Government)

Time
 

Source: Cai and Liu (2015) 

Figure 1. Delayed government-led model of Triple Helix 



 

 222 

The regional innovation policies in the analysis of the Tongji Creative Cluster case, include 

government documents, official plans, funding programs and government-led projects at the national, 

municipal and district levels. While these policies penetrate into multi-level governments, they have 

different priorities at different levels. National polices, such as Several Provisions on Promoting the 

Transformation of Scientific and Technological Achievements issued in 1999, set up a general 

framework and keystone for the regional innovation activities. Policies of Shanghai Municipality play 

an important role in adjusting the national directives according to local environment and in 

conceptualising the local successful experiences into officialised guidelines. Policies of Yangpu 

District focus mainly on the implementation of local plans (such as the series of five-year plans) and 

solve the specific problems (such as infrastructure improvement and land acquisition) in the 

development of Tongji Creative Cluster. Most policies directly address the issues concerning 

innovation system development, while some policies are not in the domain of the innovation system 

but do play supportive roles for the innovation process in the Tongji Creative Cluster. The impact of 

regional policies on the enabling conditions of Triple Helix system of Tongji Creative Cluster are 

described in Table 2. 
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Table 2. The influence of regional innovation policies on enabling conditions of Triple Helix system in Tongji Creative Cluster 

Enabling conditions for Triple 

Helix systems 

Real regional conditions Regional innovation policies (examples) Policy influences on enabling 

conditions 

Tangible 

condition

s 

Competencies of 

universities in 

knowledge 

generation and 

diffusion 

TJU is the leading university in 

certain fields, e.g. architecture 

and civil engineering with 

potential capacity in 

commercialising knowledge and 

managing industrial linkages. 

Policies at different levels enable universities to 

be more flexible in engaging in business 

oriented activities, e.g.  State of Education 

Commission (1995), State council (1999), 

(Shanghai Municipal Government, 2004), 

Tongji University (2001); Yangpu District 

Government (2000). 

 

These policies stimulate 

universities to develop their 

capacity in technology transfer 

(TT) mainly through establishing 

various TT organisations (Cai, In 

press). 

Absorptive 

capacity and 

demand of 

industry for 

knowledge and 

technology 

Since the late 1990s, there are 

urgent needs to transform the 

traditional economy to a 

knowledge-based one in the 

Yangpu District. 

Many university spin-offs and 

knowledge intensive firms have 

been established around the TJU 

since the 1990s. 

Policies with consensus of YPDG and TJU for 

joint development, e.g. Yangpu District 

Government (2000), (Tongji University & 

Yangpu District Government, 2007).  

The policies provide an 

encouraging and supportive 

environment to facilitate TT from 

TJU to surrounding firms. 

The YPDG is committed to 

transfer its industry structure 

towards being knowledge 

intensive (Cai, In press). 

Supportive 

infrastructures, for 

knowledge and 

technology 

Lacking organisation and 

infrastructure support for 

technology transfer in the later 

1990s and early 2000s.  

A number of initiatives encouraging hybrid 

organisations, science parks and incubators of 

various kinds and free lands provided for the 

Cluster expansion. 

The land and supportive agencies 

are crucial for cultivation 

entrepreneurship and promoting 

TT (Cai, In press). 
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transfer 

Institutional 

entrepreneurs  

Quite a few academics engaged 

in business operations since 

1990s. 

TJU leaders are active in 

promoting the social 

engagement function of the 

university since 2000s. 

Policies encouraging academics to engage in 

business activities, e.g. State council (1999), 

(Tongji University, 2001), (Yangpu District 

Government, 2007).  

In 2001 TJU and Shanghai Municipal Economic 

Commission agreed on strategic partnership 

between TJU and industry in Shanghai. 

The (potential) institutional 

entrepreneurs (e.g. university 

leaders and spin-off 

entrepreneurs) have been actively 

involved in urban planning of the 

YPDG and often fuse academic 

logic and business logic in their 

operational practices. 

Intangibl

e 

condition

s 

Logic of  

knowledge as a 

key to economic 

growth in the field 

of government 

and industry 

The economic growth in the 

Yangpu District has been driven 

by textile and manufacturing 

until the end of 1990s. 

 

Policies aiming for innovation-driven urban 

transformation, e.g. Yangpu District 

Government (2000), (State Council, 2006), 

(Shanghai Municipal Government, 2011). 

 

Policies help raise awareness of 

the role of knowledge in 

economic growth and also the 

changing local industrial 

structures driven by policies 

entails necessity of relying 

heavily on knowledge in industry 

development (Cai, In press; Cai & 

Liu, 2015).  

Logic of market in 

the field of 

government 

Absence of market-oriented 

culture in the local government 

and the TJU until the end of 

1990s.  

In the 1980s and 1990s, national higher 

education reform relaxed excessive government 

control over universities and promoted 

universities to engage in business activities (Cai 

& Yan, 2015).   

In the 1990s and early 2000s, national policies 

YPDG is directly involved in 

business development and follows 

large a logic of market in urban 

planning (Cai, In press).   
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linked the economic performance to the regional 

officials‘ promotion (Cai, 2014).  

Logic of process 

oriented 

knowledge 

management in 

the field of 

university and 

industry 

Goal oriented The current policies still tend to maintain goal 

oriented logic (Cai, 2014). 

 

Logic of 

intellectual 

property 

protection in the 

field of industry. 

Inadequate IP protection in the 

early 1990s 

A number of laws and policies to improve IP 

protection, e.g.: 

1992, 2000, 2008, the amendments of the 

Chinese Patent Law (set up in 1984) 

2008, Implementation Rules about Encouraging 

Independent Intellectual Property Rights 

Creation and Application, Yangpu District 

Science and Technology Committee 

IP legislations have largely 

enhanced regulative framework 

for IP protection. 

TJU‘s UREs (also most spin-offs) 

practically help IP protection as 

they try to perform the three roles, 

academic entrepreneurs, patent 

organisations and venture 

investors, at once, integrating 

several stages of the research, 

development and 

commercialisation process into 

one organisation (Cai, In press; 

Cai & Liu, 2015).  

Logic of civil Absence of civil society. In 1990s,the national policies encouraged Regardless of the absence of civil 
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society at the sate 

level 

collaboration between national universities and 

local governments. 

1995, TJU was co-administrated by the Ministry 

of Education and the Shanghai Municipal 

Government (Cai & Liu, 2015). 

society, the Tongji case especially 

is a good example of integrating 

top-down and bottom-up 

initiatives. Especially in the 

second stage, the equal status of 

the district government in the 

Triple Helix framework is 

attributed to the fact that Tongji 

University is not subject to the 

district government‘s 

administration. It should be noted 

that the university was under the 

joint jurisdiction of both the 

central government and the 

Shanghai Municipal Government. 

Within such an administrative 

framework, it was actually 

impossible for the district 

government to exercise much 

stronger control over the 

university as well as the 

university‘s engagement with the 

surrounding society. (Cai, In 

press). 
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Logic of 

competition in the 

field of university 

Relatively weak competition 

environment in the 1990s.   

Due to the stringency of public funding, since 

1990s universities have been encouraged by the 

government to general revenues and attract 

funding form private sectors (Cai & Yan, 2015).  

 

A competition environment of 

universities has been largely 

facilitated by the policies (Cai, In 

press).  

Competencies of 

universities in 

knowledge 

generation and 

diffusion 

Top-down policy-making In the 2000s, suggestions from Yangpu District 

Design Enterprises Salon (set up in 2000) and 

Yangpu District Design Enterprises Association 

(set up in 2009) are accepted by Yangpu District 

Finance Bureau to work out a series of financial 

supporting policies on loans, investment, launch 

etc. for small and medium sized enterprises. 

Bottom-up initiatives in the 

Cluster are supported by 

top-down policy making. 

It was the top-down 

policy-making approach that has 

eventually driven the Triple Helix 

interactions in the Tongji Cluster 

to the government led model (Cai, 

In press; Cai & Liu, 2015). 
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6. Case of Triple Helix approaches to innovation system in Wales 

Wales is a region showing very different characteristics and with a very different history to the 

Shanghai region. Wales is one of the four ‗home nations‘ of the UK, and has had its own government 

(executive and legislative) since devolution in 1999. Economically, Wales is the weakest part of the 

UK.The Welsh economy has witnessed a series of structural changes in its recent history; 

path-dependence and lock-in emerge as important concepts to explain the present situation. The 

history of the Welsh economy is, largely, one of natural resources and heavy industry giving way to 

the manufacturing and service sectors in recent years, often in the form of inward investment and 

branch plants of major multinationals. There are noted ‗serious and persistent structural deficiencies‘ 

in the Welsh economy, caused in large part by structural adjustments in the 1980s whereby industry 

declined to be replaced by employment in services, in particular relatively poorly paid public services 

and back office functions (Thomas & Henderson 2012). The low economic activity rates and GDP per 

capita figures can be ascribed to past generations of deindustrialization (Cooke et al. 2003). It is 

important to appreciate the characteristic of Wales as a perpetually lagging region within a highly 

(economically) developed country. The Welsh economy persistently underperforms in relation to the 

UK as whole. From 2000-2006 GDP growth in Wales was 3.9% compared to 4.3% for the UK, leaving 

Wales at the bottom of GDP growth tables, with a level of economic inactivity 4% above the UK 

average (Thomas and Henderson, 2011). Wales sits at the bottom of the regional competitiveness table 

for the UK (Huggins and Thompson, 2010). In attempting to develop the Triple Helix and 

knowledge-driven growth more generally, Welsh policymakers are struggling against the path 

dependency and weak enabling conditions that are a hang-over of the situation before the 

administration existed. In this sense, there is an element of re-building the Welsh economy that can 

perhaps be paralleled in some ways with the fundamental changes to the Chinese economy in recent 

decades, as discussed above. 

In terms of looking at the governance of innovation, there are two levels of multi-level governance to 

consider beyond the Welsh: national (UK) and supranational (European). Wales is one of the four 

‗home nations‘ of the UK, alongside Scotland, Northern Ireland and England.  Since the mid 1990s, 

innovation policy has been an important sphere of activity for the Welsh Government, and in line with 

wider European trends, efforts have been made to create a system of innovation and a learning region 

(Asheim 2012; Morgan 1997). At the current time, innovation policy at the European level is being led 

by the principle of ‗smart specialisation‘, which advocates that different regions and nations select 

areas of strengths to build on to reduce duplication and competition across Europe (European 

Commission 2011, 2013; Foray et al. 2011). In response, the Welsh Government has selected four 

‗grand challenge‘ areas to support (Welsh Government 2013a), which represent the ‗usual suspects‘ of 

trendy high-tech sectors such as advanced manufacturing, energy and ICT (Pugh 2014a, 2014b).  

There have been two innovation policies (Welsh Assembly Government 2002a; Welsh Government 



 

 229 

2013a), but also a number of economic and education policies with an important bearing on the 

innovation system (e.g: WELSH ASSEMBLY GOVERNMENT, 2002a, 2005b, 2010). Indeed, the Welsh 

case is notable in terms of the overlap between innovation and higher education policy; to a great 

degree, the Welsh innovation system is being driven through universities (Welsh Assembly 

Government 2002c, 2004, 2009a).Triple-helix style interventions, which aim to drive regional 

economic growth through strengthening interaction between university-industry-government, and 

conceptualising universities as key drivers of economic growth, abound. However, these have not been 

partnered with (enough) effort to broaden this support into the business sphere, and much of the 

support has remained within universities and the public sector. The Welsh approach has been skewed 

towards the university and government spheres of the triple helix, leading to what we see as an 

imbalanced model.  

The impact of regional policies on the enabling conditions of Triple Helix system of Wales are 

described in Table 3. 
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Table 3. The influence of regional innovation policies on enabling conditions of Triple Helix system in Wales 

Enabling conditions for Triple 

Helix systems 

Real regional conditions Regional innovation policies (year, 

name, contributor) 

Policy influences on enabling conditions 

Tangible 

conditions 

Competencies of 

universities in 

knowledge 

generation and 

diffusion 

 Welsh universities are 

generally not research 

intensive in the UK context 

(with the exception of Cardiff 

University) and historically 

have not has a track record of 

diffusing this into the region‘s 

businesses.   

A number of policies and programmes 

have been implemented over the last 

15 years to raise the competencies of 

universities in this regard(Welsh 

Assembly Government 2002c, 2004, 

2006, 2009a) 

 

The rationale has been to stimulate high 

growth and entrepreneurship. The 

assumption has been that if the facilities and 

resources are put in place for knowledge 

transfer from universities to business then it 

will happen. This has proven not to be the 

case. 

Absorptive 

capacity and 

demand of 

industry for 

knowledge and 

technology 

Aims transform the traditional 

economy to a 

knowledge-based one since 

the decline heavy industry in 

the 1970s and departure of 

‗branch plants‘ in the 1990s 

and early 2000s. 

Science policies geared towards ‗push 

out‘ from universities, but practically 

nothing focussed on building demand 

in the Welsh business sphere (Welsh 

Assembly Government 2006; Welsh 

Government 2012) 

 

Policy has resulted in a strong ‗push‘ out of 

universities to drive innovation, but has 

concentrated little on building up the 

absorptive capacity and demand from the 

business sphere for this research and 

knowledge. This has led to an oversupply and 

lack of demand in the Welsh triple helix. 

Supportive 

infrastructures, 

for knowledge 

and technology 

transfer 

Infrastructure in Wales has 

been under-developed and so 

is a main focus for policy. 

However, the intangible links 

between university and 

business remain 

under-developed.  

A number of policies focussing on 

physical infrastructure, especially 

broadband internet (Welsh Assembly 

Government 2010b, 2010c; Welsh 

Government 2013b). 

The most notable expansion of the triple 

helix infrastructure has been the large scale 

Technium programme, which cost almost 

£100m, but has been widely regarded as a 

failure in Wales and severely rolled back 

from ten centres to four, with the future of 

these uncertain (DTZ 2010).  

Institutional 

entrepreneurs  

There are some academics 

engaging in impact and third 

mission activities and the 

government has put in place 

programmes to support this.  

Promoting academic entrepreneurship 

has featured in higher education and 

science policies (Welsh Assembly 

Government 2002c, 2006, 2009a; 

Welsh Government 2012). 

Supports to encourage this activity are not 

general perceived to have been successful. A 

notable exception is the Cardiff Innovation 

Network, a university-run support, which 

received positive reviews from academia and 

industry stakeholders.  

Intangible 

conditions 

Logic of  

knowledge as a 

key to economic 

growth in the 

The industry logic is not 

particularly knowledge and 

high-technology focussed: 

SMEs, lifestyle businesses etc. 

Wales is a post-industrial region that is 

attempting to transition into a ‗learning 

country‘, a rhetoric that is stated 

clearly in the policy across the period 

Whilst there is this strong 

‗knowledge-driven‘ rhetoric in policy, there 

is little hard evidence to support that this 

change from post-industrial to learning 
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field of 

government and 

industry. 

prevail.  (Welsh Assembly Government 2001, 

2005a, 2010a; Welsh Government 

2013a). 

economy has taken place. The low demand 

for innovation and knowledge from 

businesses explains much of the low take up 

and success of triple helix schemes. .  

Logic of market 

in the field of 

government. 

The dominant logic in the UK, 

and Wales, is one of 

supporting high growth 

businesses.  

The approach in Wales is becoming 

increasingly sector specific with the  

selection of four key areas to support, 

in line with the move towards ‗smart 

specialisation‘ across Europe 

(European Commission 2013; Foray et 

al. 2011) 

However, this can be criticised for excluding 

the majority of the region‘s businesses who 

are not in high-tech sectors. There are too 

few innovative and R&D performing firms in 

Wales, and Welsh SMEs are usually involved 

in the low-value aspects; however strengths 

in aerospace, opto-electronics, and 

bio-sciences are recognised (Thomas and 

Henderson, 2011). 

Logic of process 

oriented 

knowledge 

management in 

the field of 

university and 

industry 

The process oriented 

knowledge management is 

already the prevailing logic 

among universities and 

enterprises in Wales. 

  

Logic of 

intellectual 

property 

protection in the 

field of industry. 

Intellectual property 

protection has been well 

established in the region. 

  

Logic of civil 

society at the 

sate level 

Compared to China we can see 

civil society as more 

developed in Wales, with a 

strong third sector.  

Social Enterprise Policies illustrate 

that even in the sphere of business and 

economic growth the Welsh 

Government has quite a social 

conceptualisation. Generally, social 

policy, education, health etc. prevail in 

this weaker region context (Welsh 

Assembly Government 2005b, 2009b) 

Welsh Government has made efforts to bring 

the different elements together in the sphere 

of economic development through setting up 

different sector panels. 

Logic of The UK system is very much Two major mergers have taken place The recent REF
1
 was seen to be a success in 

                             
1 See http://www.ref.ac.uk/ for more information   

http://www.ref.ac.uk/
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competition in 

the field of 

university 

competition oriented, 

especially in terms of funding 

for research (REF). Currently, 

Cardiff University is in the 

Top 10 in the UK according to 

this measure. The other Welsh 

universities are not so 

competitive.  

to create fewer but larger institutions 

with more students and research 

power. The Welsh Government 

decided not to increase HE fees for 

students from £3000 to £9000 in line 

with England in 2011 with important 

funding implications for Welsh HE. 

Wales
1
and claimed as a success for the 

devolved administration‘s approach to HE.  

Logic of 

democracy in 

the field of 

government. 

The UK as a whole can be 

described as a ‗democracy‘ 

and a ‗capitalist‘ oriented 

country. Wales is politically 

‗left‘ and public sector 

oriented - 25.7% of Welsh 

people are employed in the 

public sector (ONS, 2012). 

Labour has been the main party in 

administration in Wales since 1999, 

and this looks unlikely to change in the 

near future. The Welsh Government 

has been more focussed on more social 

than economic goals. 

Pickernell (2011) suggests that enterprise, 

networks and innovation should have 20% of 

the government‘s economic spending 

dedicated to it, but receives only 4.5% of the 

Welsh Government‘s spending on the 

economy. However, skills and qualifications, 

despite being attributed to 15% of the 

productivity gap receive 66% of Welsh 

Government spending (Pickernell, 2011). 

                             
1http://www.timeshighereducation.co.uk/news/ref-2014-scotland-and-wales-claim-success/2017614.article 
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7. Concluding discussions 

The two case analyses show that while local conditions are prerequisites for developing Triple Helix 

systems, innovation policy does matter. For instance, when we look at the ‗intangible conditions‘ it 

would be assumed that Wales would be more successful in implementing the Triple Helix, since most 

enabling institutional logics have been stable and established for a much longer time. However, 

although several institutional logics are absent or just emerging (such as civil society, democracy and 

IP protection), the case of Tongji Creative Cluster, has been a much more successful example of the 

implementation of Triple Helix, perhaps surprisingly. To explain such a paradox, the role of policy in 

the process needs to be taken into account. In short, enabling conditions are necessary but not 

sufficient. To implement Triple Helix systems, policy plays a substantial role, and system development 

is to a large extent determined by the interplay between policies and enabling conditions. The main 

lessons regarding the role of policy in Triple Helix system development we have learnt from the two 

cases are as follows.  

First, innovation policies are able to change and improve certain local conditions for supporting Triple 

Helix system development. For instance, the IP protection environment as a crucial condition for Tripe 

Helix system has been largely improved by a series of polices over the last two decade in the Chinese 

case. Whilst triple helix style policies have not met with much success in Wales, there are exceptions 

that prove that these types of policies can work when they are designed and implemented correctly, in 

a way that appeals to the local business sphere, such as the popular Cardiff Innovation Network.  

Second, to what extent policies may successfully alter the conditions is a matter of policy 

implementation. Although most policies in both cases address the challenges in the local conditions for 

Triple Helix systems, not all objectives have been successfully achieved. Implementation problems are 

especially pertinent in the Wales case. In general, the main approach of Welsh policies is to provide 

external funding incentives for encouraging Triple Helix activities. Many policies in the Chinese case 

do not entail effective instruments to ensure successful implementation either. The relative positive 

outcomes are attributed to the fact that some policies have managed to stimulate bottom up initiatives 

and intrinsic impetus. In the Tongji Cluster‘s development, one important catalyst for implementing 

Triple Helix is the institutional entrepreneurs (e.g. TJU leaders and TJU spin-off entrepreneurs). They 

are not only actively participating in implementing Triple Helix systems, but also bring other key 

participants and stakeholders into the fray.   

Third, when designing policies for promoting Triple Helix systems, it is crucial to consider what 

existing conditions that may support or hinder the development therein.  When some local conditions 

already favour the Triple Helix systems, the role of new policies are primarily for enhancement and 

facilitation. When conditions constrain the Triple Helix system development, the policy-makers must 

think in two ways. On the one hand, how policies may change the conditions in favour of the Triple 

Helix, and on the other hand whether alternative Triple Helix systems may be developed based on the 
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unique local environment. In the Wales case, the government intended to introduce an ideal Triple 

Helix Model in spite of some constraints in terms of tangible enabling conditions. The failure of 

innovation policies is because that the government neither paid sufficient attention to local conditions 

nor considered alternative paths of Triple Helix, such as the quadruple helix (Arnkil et al. 2010; 

Carayannis & Campbell 2009; Leydesdorff 2012). In contrast, the Triple Helix model in the Tongji 

Cluster is not typical in Triple Helix literature but does fits the local conditions. In this respect, this 

study further demonstrates that there is no one-size-fit all approach for Triple Helix development. As 

such, policy must be adapted to local circumstance and also be adjusted when conditions are changing.  

Finally, the analysis presented here has demonstrated how a theoretical framework which includes 

both tangible and intangible elements of the innovation system can help us to study innovation policy 

and understand what works and why. To strengthen the framework, we call for its application in more 

empirical case studies.  
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Appendix 1. 

Policies Addressing Enabling Triple Helix Conditions in Tongji Creative Cluster 

Date  Policy Content Authority  

1992, 

2000, 

2008 

the revision of the Chinese 

Patent Law (set up in 1984) 

Improve IP protection The Standing 

Committee of the 

National People‘s 

Congress 

1995 Suggestions on Deepening 

Higher Education Structural 

Reform 

decentralize the administration and 

the financing of universities from 

central ministries to local 

governments 

State Education 

Commission 

1999 Provisions on Promoting the 

Transformation of New and 

High-tech Achievements 

encourage university-industry 

linkages through generous 

allowance and flexible engagement 

between research and business 

national, municipal 

and district 

governments 

2000 Decisions on Relying on 

Universities to Foster the 

Economic and Social 

Advancement of Yangpu 

District 

Recognize and encourage the role 

of universities in local 

development 

 

Yangpu District 

Science and 

Technology 

Committee 

2001  Provisions on Promoting the 

Transformation of New and 

High-tech Achievements 

detailed measures to encourage 

university entrepreneurship 

TJU 

2005 Enabling Measures about Loan 

Guarantee for Medium and 

Small Enterprises 

Ease the Financing and Loan 

Procedures for Enterprises 

Yangpu District 

Finance Bureau 

2007 The 32 Policies on Talent to 

Develop Science and 

Technology 

Favorable policies to attract high 

talents, including residence permit, 

tax free, eta.  

Yangpu District 

Organization 

Department 

2008 Measures of Utilizing and 

Managing the Supporting 

Funds for Industrial 

Development in Yangpu 

District 

Detailed financing support for 

programs with the potential of 

science and technology 

transformation 

Yangpu District 

Finance Bureau 

2008 Implementation Rules of 

Encouraging Independent 

Improve IP protection Yangpu District 

Science and 
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Intellectual Property Rights 

Creation and Application 

Technology 

Committee 

2009 Supporting Measures for the 

Restructuring and Launching 

of Medium and Small 

Enterprises 

Special financing support for 

enterprises 

Yangpu District 

Finance Bureau 

2009 Measures of Attracting the 

High-level Innovation and 

Entrepreneurship Talents  

Favorable financing policies and 

services for talents 

YPDG 

2011 Measures of Identifying Prior 

Creative industries in Yangpu 

District 

 

Provide the conditions and criteria 

of defining creative industries 

YPDG 
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Appendix 2. 

Programmes Implemented to Build Tongji Creative Cluster 

Date  Programmes  Approach Initiator 

1993 Tongji Technology Ltd. Hybrid organization of university owned 

enterprises for knowledge 

commercialization 

TJU 

1995 Restructuring TJU Decentralize the authority of Tongji 

University to be co-administrated by the 

Ministry of Education and the Shanghai 

Municipal Government 

State Education 

Commission 

2000 Salon of Design 

Entrepreneurs 

Informal interaction among entrepreneurs Siping Community 

Office 

2001 Tongji Science Park Incubate university-owned enterprises and 

spin-offs 

YPDG and TJU 

2002 Campus expansion of 

Fudan University and 

Tongji University 

Provide sufficient space for university 

entrepreneurial activities 

YPDG and 

Shanghai 

Municipal 

Government  

2006 National Programme for 

Science and Technology 

Development (2006-2020) 

General directives in various fields to 

encourage science and technology 

development 

Chinese State 

Council 

2007 

 

Planning Outline for 

Tongji Knowledge 

Economy Cluster 

Define the scope and structure of Tongji 

Knowledge Economy Cluster 

TJU and YPDG 

2008 Siping Club of 

Entrepreneurs in Tongji 

Knowledge Economy 

Cluster 

Formal interaction among entrepreneurs 

with government intervention 

Siping Community 

Office 

2010 National Innovation Pilot 

City 

Confirm the development priority of 

knowledge intensive services and 

high-tech industries in Yangpu District 

Ministry of 

Science and 

Technology 

2010 The 12th Five-Year Plan of 

Tongji Knowledge 

Economy Cluster 

(2011-2015) 

Detail the government intervention in 

Tongji Knowledge Economy Cluster 

YPDG 
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Appendix 3. 

Policies Addressing the Triple Helix Enabling Conditions in Wales 

2002 Reaching Higher Highlights key role of HEIs in both the 

economy and society. 

2002 A Winning Wales Welsh Government‘s first economic 

strategy, innovation and 

entrepreneurship are key themes. 

2002 Wales for Innovation  Encourage business innovation through 

equipping people to innovate, 

improving support, and maximising 

potential of HEIs.  

2004 Knowledge Economy 

Nexus; role of HE 

Report to encourage greater links 

between university and industry, views 

them as key strands of the Welsh 

innovation system. 

2005 Wales: A Vibrant 

Economy 

Strategic framework for economic 

development, builds on A Winning 

Wales, key objectives are to raise 

quality of jobs and increase 

employment rate. 

2006 Science Policy for Wales Advances in science, engineering and 

technology drive the knowledge 

economy, and have a positive impact 

on society, culture and economy. 

2007 Commercialisation in 

Wales 

Report reviews commercialisation 

initiatives, suggests clearer strategy 

from government needed, and fewer 

but more effective programmes. 

2009 For Our Future - Higher 

Education Strategy 

Dual role of Welsh HEIs in economy: 

raising the skill levels of Welsh 

workforce, exploiting the knowledge 

base to support businesses.  

2010 Economic Renewal: A 

New Direction 

5 main priorities: investing in high 

quality and sustainable infrastructure; 

making Wales a more attractive place 

to do business; broadening and 

deepening the skills base; encouraging 

innovation; targeting business support. 

2012 Science for Wales A strategic agenda for science and 

innovation in Wales. 

2013 Innovation Wales New innovation policy for Wales, 

prepared in time for the next round of 

structural funds in 2014. 
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Year Title Description/Details 

Innovation 

Relatedness 

1998 Pathway to 

Prosperity 

The first economic plan for Wales. Medium 

1999 Education and 

Training Action Plan 

for Wales 

Emphasises the need for skilled workforce 

to make transition into knowledge 

economy.  

Low 

1999/200

0 

Entrepreneurship 

Action Plan, 

Strategy, and 

Implementation 

Aims to build a culture of entrepreneurship, 

give more people the skills and motivation 

to start a business, develop 

entrepreneurship education.  

Medium 

2000 A Better Wales 10-year plan with targets for improving life 

for everyone in Wales. 

Low 

2001 The Learning 

Country 

Importance of learning and training to 

ensure long term sustainable economic 

growth and social development. 

Low 

2002 Reaching Higher Highlights key role of HEIs in both the 

economy and society. 

High 

2002 A Winning Wales Welsh Government‘s first economic 

strategy, innovation and entrepreneurship 

are key themes. 

High 

2002 Wales for Innovation  Encourage business innovation through 

equipping people to innovate, improving 

support, and maximising potential of HEIs.  

High 

2002 Skills and 

Employment Action 

Plan for Wales 

Bring issues of skills and employment 

together, addresses need to raise skills. 

Low 

2004 Creative Success; a 

strategy for the 

creative industries in 

Wales 

Support and encourage creative industries 

that could make a significant contribution 

to the Welsh economy. 

Medium 

2004 Knowledge 

Economy Nexus; 

role of HE 

Report to encourage greater links between 

university and industry, views them as key 

strands of the Welsh innovation system. 

High 

2004 The Wales Spatial 

Plan 

20 year policy, promoting a sustainable 

economy is one of its key themes, different 

approaches across Wales.  

Low 

2005 Skills and 

Employment Action 

Plan for Wales 

Need for employers, employees and public 

sector agencies to work together to support 

high quality jobs in a growing economy. 

Low 

2005 Wales: A Vibrant 

Economy 

Strategic framework for economic 

development, builds on A Winning Wales, 

key objectives are to raise quality of jobs 

and increase employment rate. 

Medium 

2005 Social Enterprise 

Strategy for Wales 

Underlines importance of social and 

community enterprise to the Welsh 

economy, especially in poorer areas, and 

their potential to be innovative.  

Medium 

2006 Science Policy for 

Wales 

Advances in science, engineering and 

technology drive the knowledge economy, 

and have a positive impact on society, 

culture and economy. 

High 
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Year Title Description/Details 

Innovation 

Relatedness 

2007 One Wales 

Agreement 

Coalition government promises to create 

jobs, stimulate enterprise and business 

growth, promote tourism, and enhance 

skills to the end of creating a ‗prosperous 

society‘.  

Low 

2007 Commercialisation in 

Wales 

Independent report critically reviews 

commercialisation initiatives, suggests 

clearer strategy from government needed, 

and fewer but more effective programmes. 

High 

2008 Spatial Plan Update Goals include: increasing employment rate, 

improving skills levels, regeneration 

programmes across Wales, all Wales 

approach to economic development. 

Low 

2009 For Our Future- 

Higher Education 

Strategy 

Dual role of Welsh HEIs in economy: 

raising the skill levels of Welsh workforce, 

exploiting the knowledge base to support 

businesses.  

High 

2009 Social Enterprise 

Action Plan for 

Wales 

Explains role of social enterprises in the 

economy, highlights their innovation 

potential, business support. 

Medium 

2009 One Wales; One 

Planet 

Welsh Government‘s sustainable 

development scheme with innovation as a 

key action area. 

Medium 

2010 The Heart of Digital 

Wales 

Review of creative industries, suggests 

creation of new creative industries fund, 

government should be supporting a wide 

range of businesses, not directing them.  

Medium 

2010 Economic Renewal: 

A New Direction 

5 main priorities: investing in high quality 

and sustainable infrastructure; making 

Wales a more attractive place to do 

business; broadening and deepening the 

skills base; encouraging innovation; 

targeting business support. 

High 

2010 Delivering a Digital 

Wales 

Driving economic growth, social inclusion, 

better public services. 

Medium 

2011 Programme For 

Government 

 Sets out the Labour Government‘s 

approach for the current Assembly period. 

The economy is top of the list of issues. 

Medium 

2012 Science for Wales A strategic agenda for science and 

innovation in Wales. 

High 

2012 City Regions Final 

Report 

Recommends a city region approach to 

economic development based on two city 

regions in South Wales. 

Low 

2012 Wales Infrastructure 

Investment Plan 

Strategy for major infrastructural 

investments to contribute to sustainable 

growth. 

Medium 

2013 Innovation Wales New innovation policy for Wales, prepared 

in time for the next round of structural 

funds in 2014. 

High 
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Appendix 4. 

Programmes Implemented to Build a Triple Helix in Wales 

Programme Approach 

Knowledge 

Transfer 

Partnerships 

(KTPs)1 

Human capital/ network based to build up links between 

academia and industry through placement of staff and students, 

and providing training for businesses. Aims to encourage 

transfer of knowledge, technology, and skills. 

Technium Incubator aimed at university spin-offs or high-growth firms, 

providing innovation infrastructure in ten locations across 

Wales. Began as alliance between the universities and public 

sector to enhance third mission activities.  

Academia for 

Business (A4B) 

Aims to facilitate interaction between academia and industry 

and attempts to fill the gap in funding between basic research 

and market exploitation, and as such follows a linear approach 

to innovation.  

SêrCymru and 

National Research 

networks (NRNs) 

Human capital and network based approaches to enhance the 

research capabilities of Welsh universities and link up research 

in different institutions to create a stronger foundation upon 

which to drive innovation.  

Spin Out Wales 

and Centres of 

Excellence 

(CETICs) 

Provided infrastructure for spin-out and knowledge exchange 

activities. Both have been subsumed into A4B but were 

originally smaller scale interventions. Both follow the logic of 

driving economic growth through commercialisation of 

university based knowledge and research. 

Cardiff 

Innovation 

Network (CIN) 

Network-based: aims to bring together business, industry, 

academics and financers to communicate and collaborate, 

providing an environment conducive to networking. 

Knowledge 

Economy Skills 

Scholarship 

(KESS) 

Human capital oriented programme supporting collaborative 

research projects between research students and business 

partners. Aims to benefit both Welsh companies and the 

students taking part by increasing the research capacity of 

Welsh SMEs, training individuals as research professionals, 

and supporting the development of key technologies. 

Know How 

Wales 

Attempts to increase interaction between universities and 

businesses, by linking local businesses to the knowledge and 

expertise contained within academic institutions to support 

commercialisation, R&D, product development etc.  

Expertise Wales 

Portal 

Aims to drive collaboration and innovation by facilitating the 

links between academia and business by providing a portal 

through which businesses can find and access facilities, 

knowledge, and support from universities in Wales.  

High Performance 

Computing (HPC) 

Wales 

Linear rationale of speeding up innovations from university 

research into commercial products by providing the necessary 

high-tec 

h infrastructure and training.  

 

 

 

 

 

                             
1 More information available at http://www.ktponline.org.uk/ 
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Abstract:urpose–The purpose of this paper is to investigate the effects of the environmental 

regulations on the green innovation diffusion. The goal of this paper therefore is to explore the 

interaction between the environmental regulations and the innovation diffusion channel and to identify 

what factors can be focused to promote green innovation diffusion. 

Design/methodology/approach–The study was initiated by the literature review of the green 

innovation and environmental regulations in China, and it ultimately establishes an adapted the Bass 

model with the consideration of the effect of environmental regulations. The paper presents the case of 

fly ash comprehensive utilization technology in Shanghai to testify the adapted Bass model. The case 

study is based on the sensitivity analysis and the regression analysis. 

 Findings–The paper presents that the rational anticipation of the green innovation diffusion directly 

promote the effect of environmental regulations. Moreover, the external and internal influence 

coefficients directly influence the effect of environmental regulations. The function of environmental 

regulations can be decreased by diversified communication channels and open innovation networks. 

Since the different industry has the diverse sensibility of the advanced technologies, some special 

environmental regulations should be considered for those industries sensitive to technology 

innovations. The paper focuses on the incremental green innovation, while the diffusion mechanism of 

radical green innovation in the context of environmental regulations needs further research.  

Originality/value–This paper shows the various perspectives of the definitions of green innovation as 

well as the characteristics of different types of environmental regulations. The paper develops the 

adapted Bass model to describe the effect of command-control environmental regulations and 

market-based environmental regulations on the green technology diffusion. Moreover, it provides an 

empirical case of fly ash comprehensive utilization technology in Shanghai to illustrate the interaction 

of the different communication channels and environmental regulations.  

 

Keywords: Technology innovation, Environmental regulations, Diffusion, Sustainable Development, 

fly ash comprehensive utilization, China 

 

Paper type Research paper 

 



 

 248 

1. Introduction  

Various efforts have been made on how to control environmental pollution in economic development. 

Superficially speaking, in general the energy saving campaign started from 1970s and the 

technological advancement could have solved all the problems related to environment protection and it 

seems that people would respond actively and environmental protection can easily be guaranteed only 

by encouraging technicians and inventers to research and develop pollution eliminating processes and 

technologies, and by ardently campaigning for the awareness of economy and saving. In fact, without 

an effective mechanism, no one now is willing to purchase or adopt the new technologies and 

equipment. Environmental technology can seldom be regulated by market or demand force hence the 

call for the government intervention which promotes environmental technological innovation by 

introducing appropriate environmental regulations. As the leader and supporter for environmental 

technological innovation, the government, by introducing strict or loose environmental regulations, 

can drive the firms which lack the awareness of environmental protection to adopt environmental 

protection technologies, and help firms to engage in environmental technological innovation activities, 

establish ecological industrial chain. On the basis of theoretical analysis on environmental regulations 

in China, the paper summarizes mechanisms of both command-control and market-based Economic 

Incentives environmental regulations. Therefore, the paper introduces the driving force of policies into 

the Bass model and establishes an improved Bass Environmental Technology Diffusion model and 

finally verifies the rationality of the improved model by studying an example in the city of Shanghai. 

2. Literature review of green technological innovation 

Many facets of green technological innovation have important implications to the function of 

technological innovations on the balance of economic development and environmental protection. 

These facets can be classified as three views. The first is stakeholders view. Huber(2008), Kemp & 

Soete(1992) and Schot(1992) believe green innovation strategies include sustainable resource 

management, clean technologies, hazard material substitution, design for environment, product 

management, circular economy, industrial symbiosis and pollution control which entail all of the 

stakeholders involve in the tech-economic system. The second is process adaptation view. 

Belis-Bergouignan et al(2004), Bartlett & Trifilova(2010) and Zotter(20044) propose the green 

technological innovation starts from pollution prevention and emphasize the continuous process 

adaptation rather than pollution reduction techniques. The former entails larger investment in the short 

term but brings larger credits in the long term while the latter the vise versa. The last is public product 

view. Mowerya et al. (2010)，Rennings(2000) and Oltra & Saint Jean(2007) suggest the characteristics 

of green technological innovation reflect in the aspect of the positive overflow both in innovation and 

diffusion stages which has close relationship with public products. 
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3. Theoretical Background and related concepts 

Innovation diffusion channels and the Bass model 

The Bass diffusion model was developed by Frank Bass and describes the process of how new 

products get adopted as an interaction between users and potential users(Bass, 1980). The 

non-government organizations, government organizations, facilities suppliers, technology markets, 

media and industries act as the diffusion channels of green technologies. According to the 

classification of the new product diffusion channels based on the Bass model, the above channels of 

the green technologies can be divided into two aspects. One is external influence or advertising effects; 

the other is internal influence or word-of-mouth effect.  

The Bass model assumes that: (a) market potential remains constant over time; (b)diffusion of an 

innovation is independent of other innovations; (c)the nature of innovation does not change over time; 

(d)the territory of the social system does not change in the diffusion process; (e)diffusion has only two 

stages (not adopt or adopt); (f) the marketing strategies supporting the innovation do not influence the 

diffusion process; (g) there are no supply restrictions; (h)adopters are homogeneous with respect to 

their behavior on the adoption. 

In addition to these assumptions, Bass further assumed that the proportion of future adoption of the 

innovation is linearly correlated to the number of customers who have already adopted the innovation 

by time t, and this assumption is the mathematical foundation of the Bass model. Hence, we have 

)()( tN
M

q
ptP                       (1) 

Where )(tP  refers to a constant propensity to adopt at time t , p and 
M

q
 are both constants, 

M represents the maximum market potential for the first purchase, and )(tN  is the cumulative 

number of customers who have already adopted the innovation by time t . According to the above 

assumptions, p  reflects the influence of the innovation on the diffusion, and )(tN
M

q
 represents 

the influence of the adopters on the imitators. 

Let )(tf  be the adoption rate at time t , and 
t

dttftF
0

)()( . Assuming 0)0( F , and )(tF  

represents the cumulative number of adopters from time 0 to t .  Hence, by time Hence, by time t , 

the number of customers that have already adopted the innovation, )(tN  can be expressed as 

)()( tMFtN   and 

)()(
)(1

)(
)( tqFptN

M

q
p

tF

tf
tP 


              (2) 

Thus, the primary expression of the Bass model is 

http://en.wikipedia.org/wiki/Frank_Bass
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)]()][((1[
)(

)( tqFptF
dt

tdF
tf               (3) 

Where 
M

tN
tF

)(
)(  . Constants p and q respectively represent coefficient of external influence 

(coefficient of innovation) and coefficient of internal influence(coefficient of imitation). 

Classification of environmental regulations 

The two typical types of environmental regulations are command-control regulations and 

market-based regulations. One the one hand, command-control regulations refer to environmental 

regulations that rely on regulation, including emission standards, process/equipment specifications, 

limits on input/output/discharges, requirements to disclose information, and audits. Even nowadays, 

traditional mandatory environmental regulations still exist in developing countries, such as China. The 

functions of command-control regulations cannot be underestimated. For example, During the Period 

of the Tenth Five-Year Plan, China sets stricter discharge standard of sulfur dioxide for thermal power 

plant. All the plant with extra emissions has to install end-of-pipe facilities before the year of 2010, 

what‘s more, the facilities with over 20 years of serving record or with the installed capacity of 100 

thousand kilowatt are forced to transform before deadline or cease to operate. Under the circumstances 

that the environmental awareness and civilization of firms and the public are not high, environmental 

regulations must have mandatory features.  

On the other hand, market-based environmental regulations use price or other economic variables to 

provide incentives for polluters to reduce harmful emissions, including charges, subsidies, marketable 

permits and others including deposit/refund systems, eco-labeling, licenses, and property rights. For 

example, in order to encourage the installation of sulphur removed facilities, China implement the 

reform of the power price regulation in 2004 which allows the price from facilities with the sulphur 

removed facilities to be 0.015 yuan/kw higher than those with no sulphur removed facilities. 

Market-based environmental regulations not only offer strong incentives for the adoption of low-cost 

and high performance pollution control technologies by firms, but if an effective low-cost approach is 

identified and adopted by a firm, it will bring in more profits to the firm and be helpful to the diffusion 

of the new technology.  

Each type of the environmental regulations has its advantage and disadvantage. Market-based 

instruments do not command firms use specific technologies, or that all firms reduce their emissions 

by the same amount, which leaves firms with greater flexibility in selecting environmental 

technologies. However, command-control regulations have definite targets, and if successfully 

implemented, they will immediately achieve their expected environmental effects. Therefore, 

command-control approaches may be effective as a starting point, when regulators are faced with a 

significant problem yet have too little information to support a market-based instrument(such as facing 

a thin market). While with the wide application of environmental technologies and the improvement of 

public awareness of environmental protection, the mandatory policies shall shift to the policies with 

http://en.wikipedia.org/wiki/Subsidies
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market-based, economic incentives which will offer more alternatives to firms.  

In conclusions, both the two kinds of environmental regulations cannot only respectively influence the 

two communication channels, but also can simultaneously influence the two channels. Therefore we 

have six situations as shown in the following Table Ⅱ. The situations now which exist in China can 

be explained in the following six situations.  

Table Ⅱ. The classifying about different situation 

 
Mass Media Imitation 

Simultaneous 

Functioning 

Command-control 

regulations 

SituationⅠ SituationⅡ SituationⅢ 

Market-based regulations SituationⅣ SituationⅤ SituationⅥ 

 

Research methods 

SituationⅠ The government assign a research institute or university to carry out the research and 

development of environmental technology, and when the research and development projects finish, the 

government will force firms to adopt the technology by introducing command-control regulations, to 

enable environmental protection. Under the situation, due to the weak environmental awareness and 

lack of motivation to adopt environmental technologies among firms, the government will formulate 

command-control regulations such as strict pollution and emission standards, and through mass media 

communication force the firms to adopt the environmental technologies which have been developed 

by government-designated organizations.  Hence, the diffusion model is 

)]()][(1[
)(

)( tqFuptF
dt

tdF
tf                (4) 

Where, u  represents the coefficient of the influence of command-control environmental regulations; 

p and q refer to external and internal influence respectively.  

Solving the differential equation(4), we obtain 
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Taking first order derivative of Equation(5) with respect to t , we have 
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Taking first order derivative of Equation (6) with respect to t , we have 
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Assuming 0)(' tf , the solution is 

qup

upq
t






lnln*

1                      (8) 

Thus, the diffusion curve has an inflection point at time 
*t , where the diffusion of the environmental 

technological innovation reaches its peak.  

SituationⅡ The government tends to introduce command-control environmental regulations, while 

the environmental technology information diffuses among different firms. Under the circumstances of 

weak environmental awareness among firms, all of the firms will obtain environmental technology 

information via mass media, and diffusion among firms cannot take place. Therefore, the situation is 

not practical, and we will not consider it. 

Situation Ⅲ The government tends to introduce command-control environmental regulations and the 

adopter firms can obtain environmental technology information through both mass media and 

imitation. Since SituationⅡ cannot be established, Situation Ⅲ does not exist either, and this 

situation is not analyzed. 

Situation Ⅳ The government assigns a research institute or university to carry out the research and 

development of environmental technology; upon the completion of the research and development 

projects, the government tends to introduce market-based environmental regulations to provide 

incentives for firms to adopt the innovation.  

With the raised environmental awareness among firms, the government can introduce market-based 

environmental regulations to promote the adoption of the environmental technologies, which have 

been developed by government-designated organizations, through communications via mass media. 

Thus, the diffusion model is 

)]()][(1[
)(

)( tqFvptF
dt

tdF
tf                (9) 

Where v  is the coefficient of the influence of market-based environmental regulations. 

SituationⅤ The government tends to introduce market-based environmental regulations and the 

environmental technology information diffuses among different firms. With market-based 

environmental regulations, the government can enable the diffusion of environmental technology 

information from the adopter firms to firms which have not yet adopted the innovation. Hence, the 

diffusion model is  

)]()][(1[
)(

)( tvqFptF
dt

tdF
tf                (10) 
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Situation Ⅵ The government tends to introduce market-based environmental regulations and the 

firms to adopt environmental technology they can obtain relevant information either through mass 

media or via imitation. Taking into account of the analysis of Situation Ⅳ and Situation Ⅵ, we have 

a diffusion model as in Equation(11): 

)]()][(1[
)(

)( tqFptFv
dt

tdF
tf                 (11) 

Solving the differential Equation (11), we obtain 
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                   (12) 

Taking first order derivative of Equation (12) with respect to t , we have 
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Taking first order derivative of Equation (13) with respect to t , we have 
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Assuming 0)(' tf , we can solve for the time when the diffusion of the environmental 

technological innovation under the situation reaches its peak  
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                      (15) 

To summarize the above 6 situations, SituationⅡ and Situation Ⅲ are infeasible, and Situation Ⅵ 

is an integration of Situation Ⅳ  and Situation Ⅴ . Therefore, the Bass model integrating 

environmental regulations can be expressed as  
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The diffusion peaks at 
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Compared with the peak in the original Bass model, when 1u , or 1v , 
*t  will become less. 

This indicates that environmental regulations can shorten the time by which the diffusion of 
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environmental technological innovation reaches its peak. That is to say, environmental regulations can 

promote the diffusion of environmental technological innovation. 

When 1 vu , 
qup

upq

qpv

pq








 lnln

)(

lnln
, indicating the time for green technological diffusion 

peak becomes less when the market-based environmental regulations dominants. That is to say, when 

market-based regulations and command-control regulations simultaneously function, the former plays 

more significant role on the green innovation diffusion than the latter.  

4. Research results 

Data collection and analysis 

The development of human material civilization is closely related to the utilization and development 

of energy. When coal is used as major energy source, it will produce large amounts of by 

products-solid waste slag, fly ash. Currently technologies used in fly ash reutilization are among 

typical and mature environmental technologies in China. At present, there are 12 coal power plants in 

Shanghai, with total capacity of 8,215 MW, total fly ash emission of 4.63 million tons for 2003, annual 

fly ash utilization of 5.06 million tons. The emission for Shanghai is 3.9% of the total emission of 

China, which is 0.18 billion tons. In Shanghai, the recycled fly ash are mainly used in construction 

material industry, municipal road construction and building industry. Therefore, the data from fly ash 

utilization in Shanghai is used in this empirical exemplification. The emission amount is decreased 

from 540 thousand tons in 1978 to 464 thousand tons in 2003; the fly ash comprehensive utilization 

amount is raised from 33.3% in 1978 to 68.7% in 1989; and until 2003, the amount of the fly ash 

comprehensive utilization adds up to 109%, which is much higher than the national average level of 

50%.  

In the diffusion process of the fly ash comprehensive utilization technologies, the market-based 

environmental regulation plays the key role through both mass media and imitation. In the late 1970s, 

the fly ash contaminated the environment so seriously that Shanghai local government established the 

R&D fund for fly ash comprehensive utilization to encourage the research institute and enterprises to 

carry on the research projects or key demonstration projects in this field. In the meantime, the 

government issued the preferential policy of the reduction or exemption of the value added tax on the 

products which were produced according to the resource comprehensive utilization requests 

nationwide and the favorable policy of the certain period of reduction or exemption of the income tax 

on the waste utilizing enterprises. From then on, the fly ash comprehensive utilization technology is 

diffused and transferred via the mass media and imitation among enterprises. As a result, the demand 

of fly ash flourished in 1990s, and thus the Shanghai government canceled the R&D fund of fly ash 

comprehensive utilization. At present, fly ash is exploited in construction, road building and building 

material industry. Detailed data of fly ash utilization in Shanghai from 1991 to 2011 are processed 

based on the Shanghai annual report. 

Parameter estimation for the model 
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According to the diffusion model, there are 4 parameters which need to be estimated, i.e. M、p、q、v. 

The sensitivity analysis is applied to calculate the dynamic relations between M and the other 

parameters of v, p, q. The span of the maximum market potential M is set from 10000-80000 thousand 

tons based on the fact that the amount of the fly ash comprehensive utilization in 2006 around 

Shanghai is 5450 thousand tons and the amount of the fly ash comprehensive utilization nationwide in 

2000 is 70000 thousand tons. The non-linear least squares method to estimate the parameters in the 

diffusion model of the technologies for fly ash comprehensive utilization(noting that the estimation 

error ε exists between the estimated )(tf  and )(tF  in the Bass model) and the SPSS 13.5 program 

were used in the data analysis. The results are illustrated in Table Ⅲ.  

 

Table Ⅲ. Parameters and the regression results of different variable M 

M（unit: 

thousand 

tons） 

vq v(q-p) vp F-test value R
2
 test value 

80000 
0.8173 

(2.1038) 

0.0129 

(13.1179) 
0.8044 5408.51 0.9989 

70000 
0.7151 

(2.1038） 

0.0129 

(13.1179) 
0.7022 5408.51 0.9989 

60000 
0.6130 

(2.1038) 

0.0129 

(13.1179) 
0.6001 5408.51 0.9989 

50000 
0.5108 

(2.1038) 

0.0129 

(13.1179） 
0.4979 5408.51 0.9989 

40000 
0.4087 

(2.1038) 

0.0129 

(13.1179) 
0.3958 5408.51 0.9989 

30000 
0.3065 

(2.1038) 

0.0129 

(13.1179) 
0.2936 5408.51 0.9989 

20000 
0.2043 

(2.1038) 

0.0129 

(13.1179) 
0.1914 5408.51 0.9989 

10000 
0.1022 

(2.1038) 

0.0129 

(13.1179) 
0.0893 5408.51 0.9989 

Note：t-test value of the parameters in the regression model is indicated in the bracket. 

 

According to the different level of the maximum market potential, 8 regression equations can be 

obtained, in which, the level of significance of F-value test and t-test value of the parameters all 

reaches 10 percent or lower. The corresponding relation between M and vp is showed in Figure 1 and 

the relation between M and vq is showed in Figure 2.  
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Assumed M=80000, thus vq=0.8173, which indicates that under the amount of the maximum market 

potential of 80000 thousand tons, once q<0.8173
1
, then v>1. The other situation of the different level 

of M can be parity of reasoning. 

Discussions and implications 

The fly ash comprehensive utilization technology is one of the successful cases of green technologies 

diffusion in China. From the above analysis, we can draw the following conclusions. 

First, the values of the maximum market potential M, p、q relates closely to the effect of the 

market-based environmental regulations（i.e. v>1or v<1）The smaller of the potential market capacity, 

the smaller of the value of vq and vp, furthermore the smaller possibilities of v>1. That is to say, the 

worse the potential market capacity is anticipated, the smaller role the environmental regulations play. 

Thus the proper anticipation of the green innovation diffusion directly influences the effect of 

environmental regulations. 

Second, in a certain maximum market potential, the external and internal influence coefficients 

directly influence the effect of environmental regulations. The bigger the values of the external and 

internal influence coefficients, the smaller possibilities the environmental regulations play the role. 

That is to say, the function of the environmental regulations can be decreased by the diversified 

communication channels and enterprises can timely obtain the green technologies from the open 

innovation network composed of government, media, supply chain or competitors. What‘s more, 

industries have diverse sensibility of the advanced techniques, which means some industries have slow 

reaction to the green technologies while others reacts to the new product or process innovation rapidly. 

Some special environmental regulations should be considered for those industries sensitive to 

technology innovations. 

Last, the fly ash comprehensive utilization practices worldwide indicates that, fly ash can also be 

                             
1 According to the results of the study by Sultan, Farley and Lehmann on market diffusion process for fifteen consumer 

durables, which report that the average value for the coefficient of external influence p is 0.38, and the average value for 

the coefficient of internal influence q is 0.039(Sultan et al.,1990). 
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exploited in fertilization product or soil improvement in agriculture, Solidification and Stabilization in 

the environmental project, recycled material engineering and etc. If the R&D bottleneck of the fly ash 

comprehensive utilization technologies in Shanghai does not break though and the application remains 

the present fields, the situation of the serious environmental pollution by fly ash can reemerge with the 

slowdown of urbanization and adjustment of industrial structure. In conclusion, the paper only focuses 

on the incremental green innovation, while neglects the diffusion mechanism of radical green 

innovation. Therefore the diversified interaction models of the environmental regulations and green 

technological innovation needs to be tested, and further observation.  
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Abstract：In this paper we analyze the development of innovation capabilities through the absorption 

of new practices in the routines of a company from the electricity power distribution sector in Brazil.  

We developed a theoretical framework based in the triple helix approach to analyze the Brazilian 

innovation institutional environment and its relationship with the innovation management process 

inside one particular company that perform in a regulated market. Our case presents peculiarities that 

are explored in the paper such as the lack of competition in the market and the obligation of R&D 

performing. It is shown the diversity of actors; the interaction and learning processes involved in the 

innovation capability building in this context.   
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1.  Introduction 

The studies about the innovation process highlights that although the innovation materialize in the 

enterprises, when they commercialize products and services in the market, it involves a constellation 

of actors that interact producing innovation (Nelson, 1993). Another important issue in the innovation 

field is the learning process necessary for the implementation and systematization of innovation 

(Lundvall, 1993). 

The Brazilian innovation system is still in its early stage, this scenario was characterized as an 

immature innovation system (Albuquerque & Sicsú, 2000), where there is a passive learn process and 

a low propensity to convert knowledge into innovations (Viotti, 2002). In Brazil it is faced an 

innovation paradox, there is a good performance in the knowledge production corresponding a share 

of 1.8% of the world scientific production in ISI indexed journals, similar to our share of the world‘s 

GDP, 1.9%, but there is not the same performance in the patent registers in the USPTO, the United 

States Patent Office, only 0.2% of the total (Mello & Renault, 2006).   

The innovation process requires the development of the properly capabilities (Teece, 1986, Teece et al, 

1997). Generally the studies that analyze the development of innovation capabilities occur in a 

competitive context, in our case there is a regulated market with the obligation of the concessionaire of 

performing R&D activities.  

The triple helix approach (Etzkowitz, 2008) seems to be adequate for the analysis of the innovation 

institutional environment in a regulated market. In this approach the relationship and overlap of three 

different institutional spheres – government, academy and industry – is putted in a central role in the 

innovation process. As institutional environment we consider the rules that regulated the innovation 

activities and the funding system for this kind of activity.    

This paper presents a case study of a company from the electricity power distribution sector named 

company A. Our analysis covers the period of 15 years from 1996, when the company was privatized, 

until 2012. We focused in the development of innovation capabilities in this specific company that 

perform in a regulated market with a certain innovation institutional profile. In this sense our analysis 

occur in two layers, the first one regarded to the innovation institutional environment where the 

company perform and the second one devoted to the case study of the specific enterprise.  

We found that there is a connection between the changes in the innovation institutional environment 

and the development of innovation capabilities inside company A. Three different phases of the 

innovation management process inside the company could be identified, in each phase different 

innovation capabilities were developed.  

Our paper is structured in four sections, the next section is devoted to present the methodology used in 

our case study; in the third section we presented an overview of the innovation institutional 

environment in the electricity power sector in Brazil; in the fourth section we focus in the presentation 

of the case of company A in the innovation capability building; in the last one we present the 
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conclusions and main findings of our research. 

2.  Methodology  

The research starts with a partnership between company A and the Innovation Management center 

from the Fluminense Federal University. In 2004 the company was facing a reorientation of its 

strategy and the innovation was elected as one of the priorities for the subsequent years. At this point 

they decide to start a research project to understand how they could develop innovation capability. Our 

analysis covers the period between the privatization of the company in 1996 until the present day 2012. 

The results of this research are presented in the subsequent pages of this paper. 

As presented in the introduction our analysis occurs in two different layers, the first one focused in the 

innovation institutional environment and the second one in the development of a case study in a 

particular company. For the first layer of analysis we have used the triple helix approach (Etzkowitz, 

2008) and for the second layer we used the case study methodology (Yin, 1989).  

The approach taken to data collection for this study has been qualitative. For the first layer of analysis 

we have used official documents and previous studies to map the critical events the shape the 

innovation institutional environment in the Brazilian electricity sector. 

In the second layer of analysis a longitudinal case-study was chosen to analyze the innovation 

capability building faced by company A, a Brazilian company from the electricity power distribution 

market. Our analysis uses the Brazilian institutional environment for innovation in the electricity 

power market as a backdrop, so both layers of analysis are confronted. 

The study attempted to answer the following questions: What are the main transformations faced in the 

innovation institutional environment in the Brazilian electricity power sector? How the changes in the 

institutional environment affect the innovation capability building process inside company A?  

2.1 Methods and research steps 

 Primary and secondary data were used to develop the longitudinal case study (Yin, 1989). Data 

triangulation including several sources of data was used to map out the situation and critical events in 

the organizational transformation process towards an innovation capability building in company A.  

From 2005 to 2012 several sources of data were used. Our study starts with data collection in 

secondary sources about the innovation institutional environment in the electricity power sector; we 

have used official documents and previous research to map the main elements of this environment. In 

parallel we start to analyze official documents from company A to understand how it deals with 

research, development and innovation.   

After this initial phase we performed in depth interviews with 20 collaborators from different areas of 

the company such as R&D, marketing, sales and management; other two collaborators from suppliers 

and two researches from the university were interviewed, these four collaborators are involved in join 

R&D projects within company A.  These interviews were semi-structured and had its focus on the 

current innovation management initiates carry on by the company and the perception of its 
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collaborators about the innovation institutional environment.  

3. Institutional environment for innovation in the electricity power sector in Brazil 

Efforts have been made by the Brazilian government, universities and enterprises to improve R&D 

activities in private sectors and foster a better performance in innovation activities. Recently many 

initiatives have been taken such as the creation, in 1999, of the ―Sectorial Funds‖ to finance innovation. 

There are 15 sector based funds to finance innovations in different sectors such as oil & gas, electricity 

power, mining, agriculture, telecommunications and others. Other two funds are devoted to transversal 

policies such as infra-structure expansion for R&D activities and the promotion of interaction between 

universities and enterprises. These 17 funds together invested around U$ 1,6 billion in innovation 

activities in Brazil in the year of 2010 (Finep, 2012). 

In 2004 it was approved the Brazilian Innovation Law, that rules the relationship between public R&D 

institutions and the private sector. According to the law all the public R&D institutions must have a 

Technology Transfer Office - TTO to manage their intellectual property. Another important issue in 

this law is the possibility of Innovation grants for private companies that perform R&D activities. In 

2006 a new law was approved to permit companies that perform R&D activities to have tax incentives.  

The Electricity power sector in Brazil is one of the sectors where these efforts have been intense, 

presenting some partial results. In this paper it is analyzed a case of an electricity power distribution 

company that in the last 15 years has passed through a learning process to foster innovation. Several 

organizational improvements can be seen because of the emergence of new actors and institutional 

conditions that weren‘t in the process before. 

3.1 Overview about the electricity power innovation environment in Brazil 

Renault et al (2009) use the Triple Helix approach to describe the evolution of the innovation 

institutional environment in the electricity power sector in Brazil. This approach puts the dynamics of 

the innovation process in the relationship of three different institutional spheres: academia, 

government and industry. In the overlap of these different institutional spheres emerge hybrid actors 

that play a key role in the innovation process (Etzkowitz, 2008).   

There are two different standpoints for the Triple Helix model (Etzkowitz, 2008), the first one is the 

Statist model, where the government has the main role controlling state owned companies and 

universities. The second one is the Laissez – Faire model, where the boundaries among the 

institutional spheres are clearly defined and the actors perform only in their own institutional sphere. 

In the Triple Helix model there are overlap zones on the borders of the institutional spheres where 

hybrid actors emerge. In the figure 1 below it is shown the different configurations for the innovation 

environment.    
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In the beginning of the 90s deep changes in the Brazilian economic model were adopted. From 1964 to 

1984 Brazil was under a military regime that adopted an economic model based on the state, with a 

close internal market and public companies having the monopoly of some sectors, such as the 

electricity power sector. After 1984, gradually, the military regime gave place to a democratic 

government that started the change of the economic model. The state presence in sectors like 

electricity power was reduced because of the privatization process that started in the second half of the 

90s. The Liberal model gradually substitutes the Statist model adopted in the military regime.   

In the electricity power sector deep changes could be noticed. The new model adopted was based on 

the creation of a National Agency of Electricity Power, ANEEL in Portuguese, and the segmentation 

of the market in three main areas, Energy Generation, Energy Transmit and Energy Distribution. The 

state owned companies were privatized being bought mainly by foreign economic groups that acquired 

the concession to explore Electricity Power services for period of 30 years.   

In the concession contracts the concessionaries assume the commitment to invest in the quality of the 

service, in the expansion of the electricity power system, in energy efficiency and in R&D projects. 

The government agency, ANEEL, should regulate and coordinate the efforts of the concessionaries in 

order to perform these activities. At the time of the privatization process there was a concern of the 

Brazilian government that foreign investors would transfer all R&D and innovation activities to their 

country of origin.  

In order to avoid the referred transfer process the concession contracts have special rules for R&D and 

innovation activities, all the concessionaries from electricity power distribution sector  should invest 

0,75 % of their Net Revenue in this type of activity;  40% of the R&D money should be invested in 

the National Fund for Electricity Power, CT- ENERG, other 40% should be invested by the companies 

in their own projects together with universities, research institutions and technology based SMEs. The 

other 20% of R&D money should be applied in the Enterprise for Energy Studies, EPE in Portuguese. 

All these investments are coordinated by the government agency, ANEEL. 

The evolution of Brazilian electricity power sector in the last 20 years illustrate the three 

configurations presented by Etzkowitz (2008), the Statist Model, with the predominance of the 

government institutional sphere, state owned companies and universities with the innovation activities 

mainly carried by government sector. In a second moment, in the beginning of 90s, a new model was 
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Figure 1 – Different configurations of the innovation environment Source: Etzkowitz (2008) 
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launched; private companies started to act in the market. Clear institutional boundaries, government as 

a regulator of the market.  

In a third moment Triple Helix configuration emerges, with join projects in universities, electricity 

power companies and technology based SMEs that commercialize in the market technology solutions 

for problems faced by the electricity power sector.  Table 1 below summarizes the three stages in the 

evolution of the Brazilian market. 

Estatist 

1960 – 1990 

Electricity power sector as a government monopoly. State own companies, 

and R&D activities mainly performed in the Electricity Power Research 

Center, CEPEL in Portuguese, and some research institutes, all of them 

public laboratories. Low interaction with the private sector. 

Laissez-faire 

1990 – 2004  

Brazilian market starts to open for foreign investments, privatization process 

in the electricity power sector. Concession contracts obligate private 

companies to perform R&D activities within Brazilian universities. Private 

companies in a consolidation stage, almost all the R&D projects are propose 

by universities. Interaction between the two institutional spheres with clear 

boundaries. Almost all the technology developed remains in the Universities.   

Triple Helix 

2004 – 2012 

Interaction between the three institutional spheres, government, academic and 

private. Learning process in this interaction. Brazilian Innovation law is 

approved in 2004, electricity power government agency change the rules for 

the R&D projects in 2008, stimulation the development of technology 

solutions with market potential permitting the participation of technology 

based SMEs that should prototype and make the scale-up of these 

technologies. Hybrid institutions as associations, business incubator and 

technology transfer offices start to participate in the process. Emergence of 

several technology based SMEs that perform an important role in the 

innovation process.      

Table 1 – Different configurations of the innovation environment in the Brazilian Electricity power 

market 

Source: The authors 

Although from 1990 to 2004 many of the R&D projects resulted in technological solutions for 

challenges faced by almost all companies acting in the electricity power sector, these technological 

solutions weren‘t diffused in the marketplace. These solutions were restricted to the companies that 

developed them in their R&D programs. After 2004 it is noticed several technology based SMEs been 

created to commercialize technological solutions developed in join R&D projects between the 

concessionaries and universities. 

3.2 The ANEEL R&D Program in the electricity power sector in Brazil 

At the time of the privatization process in the Brazilian Electricity power sector there was a concern 

that this process could lead to a biggest dependence of foreign technology. To avoid this it was 

included in the concession contracts the obligation to invest 0.75% of their revenue to perform R&D 

projects. This obligation creates the ANEEL R&D Program.  

This system promotes relevant investments in R&D and innovation, since 1999 around U$ 800 million 

were invested in 4.000 R&D projects, where 6.000 researches have been participating and more than 

15.000 people have been employed in R&D activities (ANEEL, 2012). According to ANEEL, in 45% 

of these R&D projects there were innovations introduced in the Brazilian electricity power sector 
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(ANEEL, 2007).   

In 2008 the government agency, ANEEL, made adjustments in the rules of its R&D program. There 

was a perception that the R&D projects should result in a more expressive impact in the market. There 

was a lack of participation of private companies that could prototype and scale up the technologies 

generated in the R&D projects. The adjustments made by ANEEL in the R&D Program were in line 

with the Innovation Law approved in 2004 in the sense that it seeks for a bigger participation of the 

private sector in the innovation process. 

The main changes in the ANEEL R&D program include the focus on the advanced phases of the 

innovation process including the prototype and scale up phases and the stimulus for the involvement 

of private industries in the development and commercialization process.  

Another major change was the flexibility of the new rules for the R&D performance. The R&D 

program in the first phase, from 1999 to 2007 was based in annual cycles with fix dates for the 

submission and beginning of the R&D projects. With the new rules the companies can start the R&D 

projects whenever they want, and make changes in the schedule and scope of ongoing projects.    

In parallel with these two changes the new rules for the ANEEL R&D Program regulate the gains that 

the concessionaries can obtain from the results of the R&D activities. During the first phase, with the 

lack of clear rules the concessionaries couldn t́ obtain gains from their R&D projects. The new rules 

establish that 50% of the gains should be transferred for the society with reduction of the electricity 

power fee.  

4.  Innovation capability building: the case of company A 

The analysis of the case of company A illustrates all this learning process that the electricity power 

market has passed in the last twenty years in order to foster innovation.  

Company A is a concessionary from the electricity power distribution sector. The enterprise started its 

operation in Brazil when it acquired the Electricity Power Company from Rio de Janeiro state, CERJ 

in Portuguese, in 1997. During the first years in the Brazilian market the company passed through a 

consolidation period, where a learning process could be launched and the challenges faced by the 

company could be identified. In 2003 the company started a new strategic plan, the brand was changed 

and the innovation issue was included in the new strategy of the company.      

4.1 – The evolution of the ANEEL R&D Program at company A: a learning process 

In 1999 it was the beginning of the R&D projects in company A, just after the privatization process. 

Since then there were over 100 R&D projects, where the company invested more than U$ 20 million. 

The average R&D project in company A took 24 months and the investment was U$ 200.000. 

Nowadays there are 25 technology prototypes that were developed in the R&D department of 

company A. 

An interesting fact about these projects is that at the beginning, when the concessionary was in a 

consolidation process in the Brazilian market, the obligation to perform R&D projects brought a 
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reactive profile from company A. In the first three years all the R&D projects launched by this 

company were proposed by university research groups using an over technical approach related to 

engineering and process solutions, but without market elements. These projects proposed by 

universities weren‘t adherent with the real challenges faced by the company in the market.  

After this initial learning period company A started to guide its R&D projects to provide solutions for 

the market problems, the main one was the reduction of electricity power theft in the energy 

distribution network. Just to have an idea, this problem represented a loss of some U$ 150 million per 

year for the consumers who pay for energy and to the company. The hugest part of energy loss in the 

distribution network is paid by consumers whose taxes are overcharged.   

4.2 – From R&D to innovation: the emergence of new actors  

Due to a better market orientation of the R&D projects, some technology based SMEs start to engage 

in the process. Technologies that were available only in university research groups start to flow to the 

market. These SMEs have an important role in this process as they prototype and scale-up the 

technologies, acting as a bridge between the concessionary, the university, research institutes and the 

market.  

The main results of the R&D projects inside company A involve the creation of 25 technologies 

available in the R&D area of the company. There are eight prototypes whose patents were required in 

the Brazilian National Patent Office, INPI in Portuguese. Four of these prototypes had promising 

market results in the first tests made by three different technology Based SMEs that started to 

participate in the market. They are technological solutions to avoid the theft of electricity power in the 

distribution network, the most important market challenge faced by company A. 

Nowadays there is a loss of 18% of its electricity power in the distribution network of company A. 

Five years ago this figure was around 25%. For each 1% of loss reduction, the company improves its 

revenue in some U$ 5 million per year. The solutions for this market problem are not only 

technological but also an important social and educational approach that involves a large amount of 

additional investments.  

4.3 – Different routes adopted in R&D projects at company A towards innovation 

R&D projects launched by company A followed different routes to reach the market, in a first moment 

basically two routes were followed, the first one involves R&D laboratories from research groups 

based in universities and company A. After the period of experimental development they create 

academic spin-offs to prototype and scale up the technology developed. These spin-off companies had 

incubation facilities in the university and the assistance of the Technology Transfer Office with 

intellectual property issues. In this case intellectual property is shared by company A and the 

university and the spin-off company had the rights to explore commercially the technology.  

Another route involves the participation of company A and private R&D laboratories, in this case the 

intellectual property is owned by company A and the research institute acts as a supplier of R&D 

services. These private laboratories develop prototypes and scale up the technology solutions. The 
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commercialization in this situation should be made by another company that wants to license the 

technology. 

In a third route, company A contracts the R&D projects direct with technology based SMEs that are 

specialized in these services. They develop, prototype, scale up and commercialize technology 

solutions. These technology based SMEs emerged as a byproduct of the innovation environment in the 

electricity power sector in Brazil, performing an important role in the innovation cycle bridging 

science and market. 

4.4 – The answer of company A to the new challenges 

This new reality shows the emergence of hybrid spaces with the overlap of government, academic and 

enterprise institutional spheres. All these R&D projects and this innovation process observed in 

company A had  involved complex relationship among the government regulation agency, ANEEL, 

different university research groups, public and private R&D laboratories and technology based SMEs.  

The government regulates and provides the institutional environment necessary for the innovation 

process, the university acts in the production and diffusion of knowledge.  Business incubators and 

technology transfer offices gradually started to participate in this process. New technology based 

SMEs emerged from this environment, creating a dynamic supply chain of high value added services. 

This scenario shows us the learning process and the capacity building for the innovation activities in 

company A. 

Nowadays company A is studying how to participate in the new business that it‘s R&D projects have 

been created, not only with the payment of Royalties but also taking equity in the new technology 

based companies created to commercialize technology solutions.    

5.  Conclusions: the innovation capability building process at company A 

The main motivation of this study is to understand the innovation capability development in the 

context of a regulated market. Generally the studies about innovation occur in a competition context 

which doesn‘t exist in our case study. Our analysis occurs in a regulated market with the obligation of 

performing R&D activities in partnership with universities and research institutes. We design our 

research around two main questions: (i) What are the transformations faced in the innovation 

institutional environment in the Brazilian electricity power sector? (ii) How these changes affect the 

innovation capability development inside company A?  

In order to properly analyze the innovation institutional environment we proposed an analytical 

framework based on triple helix approach.  We could identify the statist configuration, with the 

government playing the major role, the laissez-faire, with clear boundaries between government, 

academy and industry, and the triple helix configuration with overlap of the three institutional spheres 

and interchange of roles among different actors.   

The landmark of this transition was the new R&D manual launched by ANEEL in 2008. This change 

was in tandem with a major change that was the innovation law launched by the federal government in 
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2004, this law regulates public and private interfaces regarding to R&D and innovation activities. It 

shows the impact that a government regulation can have in a regulated market. The authorization of 

the concessionaires to develop their R&D projects with private companies and the clarification of the 

rules for the appropriation of the profits generated by these activities change completely the innovation 

landscape for company A.   

In this context we could find three different phases of the innovation management process inside 

company A: (i) reactive performing; (ii) integration; (iii) capitalization. These phases were developed 

in tandem with the major changes in the institutional environment. As a player in a regulated market, 

the rules of the game play a major role in the performance of the company. In each phase it was 

developed properly capabilities, through a progressive learning process. The figure 2 illustrates the 

main findings of our study.  

Figure 2 – Innovation capability building process at company A 

   

 

  

 

 

 

 

 

Source: The authors 

In the first phase, from 1999 to 2004, the innovation institutional environment was characterized by 
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and the company developed the capability of opportunity identification and integration of R&D 

activities and market challenges. That ś why we called this phase Integration.     

In the integration phase the R&D starts to produce results that were in tandem with the market needs 

but the lack of properly rules for the exploitation of the technologies that emerge from the R&D make 

it difficult to involve other companies in the process. As a concessionaire for electricity distribution in 

the state of Rio de Janeiro company A is not allowed to perform in other business sectors.  

A third phase emerges from the new innovation institutional environment created by the change in the 

rules for the ANEEL R&D program. The main change in this phase is that now company A could 

perform its R&D projects in partnership with companies, and not only with universities. Another 

important change is the possibility of profit earnings from the R&D projects.  

In this phase the company starts an effort for developing the capabilities required for the capitalization 

of the technologies generated in their R&D activities. That ś why we call this phase Capitalization. 

In the capitalization phase we can see the emergence of technology based SMEs bridging the 

knowledge produced in the R&D projects and the market place. We could found different routes that 

the technologies perform towards the market. These three different routes involve the interaction of 

the concessionaire, the universities and research institutes and the technology based SMEs.  

The main capabilities required for the properly functioning of these three routes are: (i) technology 

transfer and (ii) support for the creation of new enterprises. The development of these two capabilities 

is still going on inside company A. An effort for a better management of the innovation process is in 

the central focus of the R&D area of the company. There is a perception that the learning process 

requires a better integration of the different business areas inside company A and with the supply 

chain.  
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Abstract：This paper examines the impacts of pre-tax deduction of R&D expenses policy on the 

innovation output of firms in China. China had implemented an ambitious program of R&D tax 

deduction since 2008. The R&D tax deduction deduct 150% of firm's R&D expenses from firms' pre-tax 

income. However, in practice, due to difference in financial condition and industry base in each province 

and the accounting system in each firm, the policy is not implemented uniformly in each province and 

industry sector. We try to explore this variation to determine the effect of this policy on firms' innovation 

output. We compare firms' new product sales in 2009 with that of 2007, using the 2009 province/industry 

R&D tax deduction ratio as the policy variable. We argue that this ratio, which equals the 

province-by-industry total R&D tax deduction divided by the total R&D expenditure by firms within that 

province-by-industry sector, can be used as a posterior approximate for the strength of the policy in the 

local province and industry sector. We find that the policy is indeed effective; however, the effect seems to 

be larger and more significant for larger firms. Moreover, contrary to some popular belief, we find there 

is no heterogeneous effect of the policy on firms of different registration types. Lastly, we compare the 

relative effectiveness of tax deduction and R&D subsidy policy and find the former is more effective in 

promoting firm's innovation output. 
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1. Introduction 

It is a common practice across the world to use tax incentives to promote R&D activities in firms. 

For example, in 2011, 26 OECD countries provided tax incentives to support firm R&D, up from 18 

in 2004 and 12 in 1995 (OECD, 2011). Some non-OECD countries, including Brazil, India, Russia, 

Singapore and South Africa also provide similar fiscal incentive policies (OECD, 2008b; Veltri et al., 

2009). Together with countries including Spain, Mexico, France, China had one of the most generous 

R&D tax incentives in 2008 (OECD, 2008a). The rational of such subsidy mainly lies in the ``public 

good'' characteristics of R&D output, which would prevent firms from appropriating the full benefits 

from their innovation output. Moreover, the uncertainty facing R&D activities also constitutes a barrier 

for firms, especially the small and medium sized firms (SMEs). Without policy intervention, the 

equilibrium of R&D activities conducted by firms could be too low from a social point of view. 

There are a large amount of research exploring the effect of fiscal incentive on innovation, most of them 

focusing on developed economies. Hall and Van Reenen (2000) present an early review of methods 

and results in this field. Mairesse and Mohnen (2010) provide an overview of the literature that uses 

innovation surveys. More recently, Köhler et al. (2012) summarizes later contribution to this topic.
1
 

Many of the studies exploit changes in fiscal policies on R&D activities to evaluate the effect of the 

policy. For example, Kasahara et al. (2011) examines the effect of R&D tax credits on firms' R&D 

expenditure by exploiting the variation in the eligible tax credit rate across firms in Japan between 

2000 and 2003. They find that firms with a higher debt-to-asset ratio are more responsive to the tax 

credit, suggesting that firms' R&D spending is indeed constrained by their financial capacity and 

liquidity. Mulkay and Mairesse (2013) provide an ex ante evaluation of France's R&D tax credit reform 

in 2008 using firm level data from 2000-2007. The authors concluded the reform would increase 

R&D capital and investment by about 12%. These researches attest the importance of evaluating 

R&D related fiscal incentive policy. However, most of the empirical studies focused on developed 

countries, with relatively few papers focusing on developing economies. Yang et al. (2012) investigate 

the effect of tax incentives on R&D activities in Taiwanese manufacturing firms using a firm-specific 

panel data set from 2001 to 2005. The propensity score matching estimates show that recipients 

of R&D tax credits appear on average to have 53.80% higher R&D expenditure, with the effect 

especially significant for electronic firms. Another exception is Özçelik and Taymaz (2008), which 

explores the effect of public R&D support programs on firms in Turkish manufacturing industry. The 

author finds that public R&D support positively affects private R&D investment and there is even an 

``acceleration effect'' on firm- financed R&D expenditures. 

Meanwhile, we find the research that formally test the effect of tax incentive of China are even rare. 

Given China's high R&D expenditure and high R&D expenditure growth rate in recent years, 

                             
1 1For some other review papers, see Parsons and Phillips (2007); Ientile and Mairesse (2009); Mohnen and Lokshin (2009) 

andCerulli and Potì (2012). 
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exploring what role the fiscal incentive plays can help explain the R&D expansion in China. 

China launched a basket of laws and regulations to implement the pre-tax deduction of R&D expenses 

policy in Jan, 2008. The policy allows firms to enjoy a 150% deduction of their R&D expenses from 

their pre-tax taxable income. In line with other related research including Cappelen et al. (2012), 

Aiginger et al. (2009), Czarnitzki et al. (2011), and Köhler et al. (2012), this paper evaluates the effect 

of the tax-incentive policy on innovative output using a large firm-level panel dataset with detailed 

manufacturing firm survey information from 2007 and 2009. We explore the variation in the 

implementation of the policy in different provinces and industry sectors in 2009 to estimate the effect of 

the change in policy strength on firms' R&D output, which is measured by the sales income of new 

product.
1
 Firms in 2007 are used as controls, during which the policy strength is assumed to be 0 for 

all firms.
2
  

We find a significant effect of the policy on manufacturing firms' new product sales. The results are robust 

to different specifications and assumptions. Moreover, it seems the effect is larger for larger firms. 

However, to the contrary of some popular belief, we do not find heterogeneous treatment effect of the 

policy on firms of different registration types, namely, state-owned (including collectively owned), 

private owned, Hong Kong, Macau and Taiwan owned, and foreign owned, except possibly for some 

very large-sized enterprises. We use the data from 2005 as a robustness check, to control for the fact 

that some economically advanced provinces moved one step earlier and had implemented the policy in 

a good manner since 2006. The results are robust to using data from earlier period. 

We find that the tax deduction policy is more effective for large and medium sized firms than for small 

firms. The result is not surprising in China's context for at least two reasons. Firstly, large firms 

conduct more R&D in absolute number and thus have larger incentive to respond to the policy. Secondly 

and perhaps more importantly, larger firms in general have better accounting systems and other related 

institutions, which help firms to proceed through the required bureaucratic procedure for claiming tax 

deduction.
3
 The results are roughly consistent with Koga (2003), who found that R&D tax credits 

mainly stimulate R&D investment in large firms rather than medium-sized firms. It is also consistent 

with the NIS (2008), which find about half of the surveyed SMEs reporting that the tax deduction 

policy is not very effective to their R&D activities; compared to only 35% of the large enterprises. 

On the other hand, the results do not support the argument that state-owned firms (and foreign firms) 

have an upper-hand in taking advantage of the R&D tax-deduction policies. It has been argued that 

because state-owned firms have better knowledge of the policy's implementation and also have better 

connection with the relevant bureaus, they are in a better position to utilize the policy and thus will 

                             
1 The R&D stimulation is an important criterion for evaluating the effectiveness of R&D tax incentives. Unfortunately, we 

do nothave R&D expenditure information for the surveyed firms. It is thus not possible for us to examine the effect of the 

tax credits on private investment in R&D. However, our surveyed data provide an opportunity to examine the effect of tax 

credits on innovation output, as measured by new product sale. 

2 3Possible bias caused by this assumption is discussed in Section 5. 

3 The tax deduction policy requires the firm to exercise audit tax collection model (instead of verification tax collection 

model)to qualify for the R&D tax deduction. However, due to financial constraint, a large portion of SMEs in China only 

exercise the verification tax collection model. Furthermore, a detailed record of R&D spending and documentation, which 

is required under the policy to claim the benefit, goes beyond most of SMEs' accounting ability. 
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conduct more R&D activities.
1
 Since the policy allows foreign firms to report up to 80% of their 

R&D activities conductedoutside of China, it may have a larger effect on foreign firms measured by 

their R&D output.
2
 We do notfind evidence supporting these claims. 

Our empirical findings shed light on the effects of R&D tax-deduction policies in China and have impor- 

tant policy implications. Firstly, our study finds that the R&D tax deduction policies could significantly 

stim- ulate firms' innovation output, showing it is a valid instrument to promote innovation. Since 

tax-deduction policies is consistent with the international norm and practice, the government should 

make good use of this tool. Furthermore, we find that compared to the R&D subsidy, R&D tax 

deduction policies are more effective in terms of promoting innovation output, which suggests we 

should give more weight to the tax deduction policy. Secondly, the policy effect being bigger for the 

larger firms gives us more concern about the innovation of SMEs, which are more likely to suffer 

from financial constraints and weak innovation capacity. The findings suggest the policy needs to be 

adjusted to remove barriers to SMEs in claiming the tax deduction. 

The remainder of the paper is organized as follows. In section 2 we provide a brief review of China's 

innovation strategies and the legal history of the tax deduction policies. Section 3 explains our data 

and how we construct the policy strength variable. Section 4 describes our methodology. Section 5 

shows the estimated effects of the tax deduction policy on the sales of new product by firms. Section 6 

concludes. 

2. Background 

China has implemented a whole basket of different policies in the past decade to stimulate the so-called 

``in- digenous innovation'' from firms and other institutes. The ``Medium to Long Term Plan for the 

Development of Science and Technology (MLP)'', initiated in 2006, was the culmination of an extended 

effort by the Chi- nese government to promote its ̀ `indigenous innovation'', enabling China to become an 

``innovation-oriented society'' and a global leader in science and technology. The MLP encompasses 

several of the Chinese gov- ernment's long-term policy goals, including building domestic R&D 

capabilities to upgrade Chinese firms' innovative capacity and promoting domestic firms' contributions 

to the Chinese economy rather than relying on foreign know-how and technology. In June 2006 the State 

Council issued a list of rules for implementation of the supporting policies for the MLP, which include 

government procurement policy, tax incentives and financial support for R&D and patenting, 

China-specific technical standards, enforcement of anti-monopoly act, etc. These policies are 

implemented by government ministries and agencies at all levels (Lei et al., 2013a). 

Many kinds of tax incentives are among the major policies that encourages enterprises to invest more in 

R&D activities. At the R&D stage, these policies include pre-tax deduction of R&D expenses, the 

                             
1 5Since our explanatory variable is R&D output, it seems still possible that SOEs conducted more R&D activities but did 

not generate more output. Since our policy strength does not vary across different firm types, we cannot test this 

hypothesis. 

2 6Similarly, we cannot differentiate no effect from that foreign firms indeed were more responsive to the policy but the 

extra output was produced out of China (although unlikely). 
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backward discounting of R&D expenses, accelerated depreciation of R&D equipment, removal of 

R&D reserve, etc. After the R&D outcomes are realized, there are preferential tax terms on 

technology transfers. Moreover, high-tech enterprises can enjoy a favorable 15% income tax rate, 

compared to 25% tax rate for the general enterprises. 

Though it is not until recently that the tax-deduction policy has drawn attention from the industry and 

academia, the policy is in fact a continuous policy and can be traced back to the mid-1990s. The 

policy was first implemented in 1996 and went through two revision in 2003 and 2006 respectively 

to remove some of the qualifying requirement of firms. The requirement that only the state owned 

firms or collective firms are qualified for the tax-deduction was removed in 2003; while the second 

one which requires the qualified firms to have an R&D investment growth rate higher than 10% was 

removed in 2006. Therefore, after year 2006, the policy no longer discriminate firms based on their 

registration types or R&D growth rate. However, the actual implementation of the policy has long been a 

complex issue in local regions for a variety of reasons. In the survey conducted in 2007 (NIS, 2008), 

among firms that conduct R&D activities, 49.4% believe that the R&D tax-deduction policy has had no 

effect on their R&D activities. The most cited reasons for the ineffectiveness of the policy include ``we 

are unaware of such a policy'', ``the policy is not attractive to us'' or ``the bureaucratic procedure is too 

complex for us''. In response to these concerns, the National Tax Bureau launched the Administrative 

Measures at the beginning of 2008 to help clarify and simplify the implementation details of the pre-tax 

deduction policy in an unprecedented manner. More importantly, It also unifies the other related 

important policies and laws like the MLP (launched in 2006), The Administration of Tax Collection of 

the PRC, The Accounting Standards for Business Enterprises (effective since Jan 1st, 2007) and 

Enterprise Income Tax Law of the PRC (effective on the same day as the Administrative Measures).  

Therefore, after 2008, the R&D pre-tax deduction policy has for the first time found its bases in both 

national laws and government regulations and is believed to be fully implementable. 

3. Data Description 

We have the R&D deduction data from the 2009 national survey of R&D activities. The data are 

aggregated at province by industry sector level (31 province by 31 industry sectors). The data include 

the total R&D deduction and R&D expenses by firms in each of the 31 industry sectors in each 

province. Since the policy requires an additional pre-tax deduction of 50% of the R&D expenses, we 

divide the total R&D deduction by the total R&D expenses in each province by industry cell to get the 

realized deduction ratio. Figure 1 provides the histogram of this ratio, after removing a few values that 

are larger than 0.5.
1
  

                             
1 There are 31 × 31 = 961 cells, but only 578 non-missing values from the survey data. Out of these remaining ratios, 19 

arelarger than 0.5. 
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The main reason that all of the ratios are less than 0.5 is that not all R&D activities conducted by the firms 

could be recognized by the local government to qualify for the tax deduction. There are several 

channels through which this can happen. Firstly and most importantly, since the successful 

implementation of the policy needs the cooperation between different bureaus of the local region, 

including the technology, tax, accounting and propaganda bureaus, a weak institution in the local 

government will be a barrier for firms to fully enjoy the benefit from the policy. For example, in a 

survey conducted at firms and government officials in Jiangsu province from December 2008 to 

March 2009, Fan et al. (2011) find that 54.3% of the firms hope they can be better educated about the 

policy; 65.3% of the firms believe the local government should establish a more efficient report and 

qualification system. A slightly higher percentage of surveyed government officials believe the policy 

can be more effective if the information is better disseminated and if the report and qualification 

system is improved. Therefore, the actual strength of the policy, represented by the realized R&D tax 

deduction ratio, is largely determined by local government's functionality. If we assume this 

institutional difference is independent of the firms' R&D activities within the region, we can use the 

realized R&D tax deduction ratio as an approximate of the policy strength to test the effect of the policy 

on firms' R&D output.
1
 The correlation between the average R&D tax deduction ratio in each 

province with its GDP per capita in 2009 is very small and is negative at -0.0417, which gives us more 

confidence in this assumption. 

Secondly, local governments may have budget constraint to fully implement the policy, which would 

lead to a loss for the government in terms of tax revenue at the current fiscal year (amount to about 

                             
1 10Possible endogeneity issues are discussed in Section 5.2. 
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11.2% according to Fan et al., 2011).
1
 Though against the national law and policy, local government 

can still possibly manipulate the rules and requirements to put into place stricter conditions for firms 

to have their R&D activities recognized as qualified. however, given that the correlation between the 

R&D tax deduction ration and the GDP per capita is very small (-0.0417), we do not believe this factor 

plays a very significant role in the lower level of qualified tax deduction on R&D expenditure. Thirdly, 

many firms may not have a well-developed accounting system to meet the policy requirement, such that 

they cannot fully take advantage of the policy. We believe the difference in firms is systematic in terms 

of firm size or registration types. Therefore we can test this hypothesis by looking at the heterogeneous 

treatment effect of the policy on firms of different types. Lastly, many of the R&D activities conducted 

by the firms do not meet the requirement set forth in the national policy for R&D tax reduction. In 

other words, the policy has a more restricted view for what qualifies as R&D expenses than the firms. 

This, however, leads to a negative correlation between the R&D tax deduction ratio and the R&D 

input/output ratio at the firm level, which biases against us and thus does not change the qualitative 

implications of our findings. 

We have detailed firm level data from ``China Annual Survey of Manufacturing Firms'' in 2005, 2007 

and 2009. The key variable we are interested in is the sale income of new products for every firm, 

which is the main variable in the dataset that measures innovation output. The survey also provides 

important information on the firm, including registration types, firm size in terms of the number of 

employees, income from its main operations, gross industrial output value, and the industry sector that 

the firm belongs to. We match the 2007 and 2009 firm-level survey dataset with the province by 

industry R&D deduction data to get the ``policy strength'' for each province by industry sector. We 

estimate the effect of the policy strength on new product sales of firms that locate within the province 

by industry sector. The policy strength in 2007 is set as 0 for all firms. We also remove a very few 

number of firms that changed their provincial location from 2007 to 2009 (only 30 firms). It is well 

known to researchers that this dataset is problematic and there may be erroneous and extreme values 

(Nie et al., 2012). Since the number of employees is our key observable variable, following Cai and 

Liu (2009), we drop firms with the number of employees either larger than the 99.5 percentile (3511 

employees) or smaller than the 0.5 percentile (9 employees). Focusing on only firms in the 

manufacturing industry, which has 29 sub-industry sectors, we are left with a balanced panel of over 

185,000 firms. 

4. Research Design 

We use a difference-in-differences framework with the policy variable being a continuous variable to 

estimate the effect of the policy on firms' R&D activities. We use a firm level fixed effects to control for 

heterogeneity among firms. We also control for firm size (number of employees), registration types (or 

ownership, there are 23 registration types in the survey) and industry sector to take into account possible 

                             
1 Possible endogeneity caused by this factor is discussed in Section 5.2. 
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heterogeneous treatment effects due to these different characteristics.
1 The year dummy is also 

included to control for the average change of the dependant variable (new product sales) from 2007 to 

2009. The model to be estimated is as follows: 

NewProductit = αi + β · Policyit + γ · Sizeit + dindustry + downership + dt=2009 + εit (1) 

where NewProductit is the new product sales of firm i in year t (t = 2007, 2009) and the main 

variable of interest is Policyit , which varies at province-by-industry level
2
and changes from 0 to a 

positive number from 2007 to 2009. Since the policy is usually administered at the province level, 

we control for possible 

correlation between firms within the same province by clustering the standard errors at the province 

level (Bertrand et al., 2004). The contemporaneous relationship between R&D expenditure and R&D 

output has been documented before (for example, Hall et al., 1986), which serves as the foundation for 

our economet- ric model. Moreover, if we assume a stable R&D tax deduction policy since 2008, the 

realized R&D tax deduction ratios in 2009 can also serve as a good approximate for the policy strength 

in 2008. 

5. Results 

5.1 Results and robustness checks 

The base results using Model 1 are listed in the first column of Table 1. The strength of the policy has 

a significant effect on the new product sales of the firms. On average, a one percentage point increase 

in the R&D tax-deduction ratio can lead to approximately 156 thousand Yuan in new product sales for 

each firm.
3 This is equivalent to a 2.1% increase of new product sales for an average firm in our 

sample.
4
  

Since some national policies prioritizes some industries over others, it's possible there are systematic 

difference between industries when local government set their deduction criteria. Therefore, firms 

within the same industry sector are likely to be correlated. Since the two levels of clusters (province and 

industry) are not nested within each other, we adjust the standard errors using the multi-way clustering 

method (Cameron et al., 2011). The results are reported in column (2). The adjusted variance-covariance 

matrix of the estimated coefficient can be calculated by the following formula, i.e. it equals to the sum 

of the variance-covariance matrices that are clustered at province and industry levels respectively, minus 

the variance-covariance matrix that is clustered at province-by-industry level: 

Var(β̂ ) = Varprovince(β̂ ) + Varindustry(β̂ ) − Varprovince×industry(β̂ )   (2) 

Table 1. The policy's effect on new product sales 

                             
1 Roughly 7.7% of the firms changed their industry sector from 2007 to 2009, and 20.4% of the firms changed their 

registration type. 

2 We abuse the notation here to still use i and t as subscripts for the policy variable. 

3 Note the unit for the new product sales is in thousand Yuan. 

4 Similar to (Czarnitzki et al., 2011), we cannot make a statement about the level of R&D expenditure due to data limitations. 

However, the increased innovation output measure could possibly point to higher R&D because of the tax deduction 

policy. 
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NewProductit = αi + β · Policyit + γ · Sizeit + dindustry + downership + dt=2009 + εit 

 (1) 

Base model 

(2) 

Two-way 

Cluster 

(3) 

Relax Controls 

(4) 

``Innovating 

Firms'' 

(5) 

larger cutoff 

β 15639.5∗∗ 

(5959.2) 

15460.4∗∗ 

(5735.4) 

15488.3∗∗ 

(5936.2) 

86070.1∗∗ 

(37340.0) 

13913.1∗∗ 

(5985.6) 

Size 46.0∗∗∗ 46.0∗∗∗ 46.1∗∗∗ 152.7∗∗∗ 37.9∗∗∗ 
Year=2009 1297.3∗∗∗ 1300.8∗∗ 1285.3∗∗∗ -5021.1 992.1∗∗ 
Ownership YES YES NO YES YES 
Industry YES Omitted NO YES YES 
Nf irm 183520 183520 183520 17948 180744 

Clusters province two-way province province province 

Robust standard errors in parentheses∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01 

(1) Base model. 

(2) Use two-ways clusters to calculate standard errors. 

(3) Remove ownership and industry dummies. 

(4) Remove firms that had 0 new product sales in 2007. 

(5) Remove firms that have size smaller than 1 percentile or larger than 99 percentile. 

In model 2, in order to calculate the robust standard errors clustered at industry level, we force those firms 

that changed industry sector in 2009 to remain in the same sector as they were in 2007. This 

manipulation turns out not to be a concern because firstly, most of the variation in firms are absorbed 

by the firm fixed effects and secondly, a relatively small percentage of firms changed ownership and 

industry sectors from 2007 to 2009.
1 In order to test this argument, we drop the industry and 

ownership dummies from the regression and the results remain quite consistent (column (3)). 

Another concern with the dataset is that a large chunk of the firms have no new product sales (almost 

90%). As pointed out by Nie et al. (2012), it is possible that firms indeed had zero new product sales, 

but it is also possible these represent missing values. Since it is not possible to differentiate the two 

scenarios, as a robustness check, we remove firms that had zero new product sales in 2007 (we call the 

remaining firms 

``innovating firms''). The results are reported in column (4). The estimates are much larger as expected 

since now the sample contains only the firms that have conducted innovation activities in 2007. 

However, these firms are also naturally larger than the rest of the firms. A one percentage point increase 

in the tax deduction ratio only causes an increase of 1.1% in new product sales for these firms. 

The last robustness check concerns with our cut-off criteria for extreme values. In the last column of 

Table 1, we remove firms that have size smaller than 1 percentile or larger than 99 percentile. The 

estimate of the policy effect is somewhat smaller, indicating larger firms probably has a larger response 

to the policy compared to the smaller firms. Nonetheless, the estimates and significance levels are 

roughly consistent with the base model. 

                             
1 This change is the reason for the slight difference in the point estimates compared to the base model. 
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5.2 Discussion of endogeneity and biases 

In this section we discuss the endogeneity issues related to the policy evaluation. The biggest worry for 

us is that it's possible provinces that implemented a higher ratio of R&D tax deduction are provinces 

that have a better innovation base and a stronger innovative environment. Firstly, this is less of a concern 

when we have varying treatment within the provinces. After conditioning on provincial dummies, the 

variation in policy strength can still give us consistent estimates of the policy effect. Secondly, it is 

reasonable to assume that provinces that are eager to promote innovation also have stronger 

economies. The correlation of -0.0417 between the average R&D tax deduction ratio in each province 

with its GDP per capita helps to rule out possible correlation between the innovation strength and 

policy strength at the province level. It also rules out the other possibility that weak economies 

implemented the policy more enthusiastically to stimulate their economy, in which case the R&D tax 

deduction ratio should be negatively correlated with GDP per capita of provinces.
1
  

Another endogeneity concern, though less likely, is that the R&D tax-deduction ratio is actually cor- 

related with some province-by-industry level characteristics that also affect firms' innovative activities. 

A possible scenario is like this: suppose a province-by-industry sector generated more taxable income in 

2009, then it's more plausible for the local government to grant a larger amount of pre-tax deduction to 

this specific sector. Since the sector with higher revenue is also more likely to have higher R&D 

activities and output, we would observe a positive correlation between R&D output and the policy 

strength, even though there is no causal linkage between the two. We can test this hypothesis by 

looking at some other key variables of  the firms. Because if the above mentioned scenario is true, 

firms that locate in province-by-industry sectors should have had better financial performance overall. 

We run placebo tests to look at the ``effect'' of the R&D tax deduction strength on firms' main business 

income and gross industrial output (which includes the new product sales). The results are reported in 

Table 2. It seems the policy had no significant correlation with these two financial variables. In fact, 

the t-values in both cases are very small. Therefore, we rule out this possibility. 

Table 2. The policy's effect on other key financial outcomes 

yit = αi + β · Policyit + γ · Sizeit + dindustry + downership + dt=2009 + εit 

 

 

 

 

 

 

 

As discussed in Section 2, the two conditions of the R&D tax deduction policy were removed in 2003 and 

                             
1 Moreover, negative correlation between economies and R&D tax deduction ration biases against us in our estimation, if 

weassume weak economies are less innovative. 
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2006 respectively. Though all the supporting measures are not ready until Jan 1st, 2008, several 

economi- cally advanced provinces (Jiangsu, Zhejiang and Shanghai) were more active in implementing 

the policy and released the province level guidelines in 2006 (Lei et al., 2013b). Therefore, these 

provinces' actual R&D tax deduction ratios in 2007 are larger than 0. This fact is not a major concern if 

we assume a homogeneous treatment effect conditional on the control variables, since a higher 

pre-treatment policy strength in econom- ically advanced regions biases against us in our estimation. 

A more systematic remedy is to use firms in 2005 as controls, since all firms were under the same ``no 

treatment'' condition in 2005. We reproduce the main results in Table 3 using a panel of firms from 2005 

and 2009. Since we have a longer time span and the policy might have been in force earlier than 2007, 

all of the estimates are larger than in our base model.
1 The results are qualitatively similar. 

2
 

Table 3. The policy's effect on new product sales (use year 2005 as controls) 

NewProductit = αi + β · Policyit + γ · Sizeit + dindustry + downership + dt=2009 + εit 

 

(1) Base model. 

(2) Use two-ways clusters to calculate standard errors. 

(3) Remove ownership and industry dummies. 

(4) Remove firms that had 0 new product sales in 2005. 

(5) Remove firms that have size smaller than 1 percentile or larger than 99 percentile. 

Lastly, we may be worried about policy bundles, i.e. province-industry sector that has higher R&D 

tax-deduction ratio may also has other stronger R&D related policy that help stimulate new product 

sales. Therefore the effect we observe is likely to be the result of a bundle of policies, instead of the tax 

deduction policy itself. One highly suspicious policy is the R&D subsidy policy that has also been widely 

implemented. The effect of innovation subsidy versus R&D tax deduction has been discussed in 

literature. It's possible they work together to increase the new product sales. We obtain the 

province-by-industry level amount of R&D subsidy and divide them by firms' R&D expenditure to get 

                             
1 A longer time span also involves more noise. It's possible the whole bundle of policies in 2006 are somehow correlated 

with the R&D tax subsidy policy, which contributed to the larger estimates. 

2 The insignificance of the policy's effect on main business income and gross industrial output can also be reproduced using 

data from 2005 (not shown here). The results are available upon request. 
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the ``R&D subsidy ratio''.20
1
 To evaluate the effect of ``R&D subsidy ratio'', we regress new product 

sales on this ratio (Model 2 in Table 4). We also run a model including both tax deduction and R&D 

subsidy, and a model including their interaction to analyze their interactive effect (whether they 

reinforce each other or crowds out one another). The results are reported in Table 4. 

The results in column (2) (Table 4) seem to imply that government subsidy does not have a significant 

effect on new product output. This finding is roughly consistent with Guellec and Van Pottelsberghe 

De La Potterie (2003), who conclude that the R&D tax incentives and R&D subsidy are substitutes:  

increased 

Table 4. Estimates of the effects of R&D subsidy and tax deduction 

 

 

 

 

 

 

 

 

 

 

 

 

 

intensity of one reduces the effect of the other on business output. The relative importance of tax 

incentive over R&D subsidy have been observed in recent years and R&D subsidy are being 

increasingly replaced by fiscal incentives in many countries (OECD, 2008b; Veltri et al., 2009). It is 

also consistent with the broad discussion of relative effectiveness of public support of private R&D tax 

incentives versus direct measures, as surveyed by Carvalho (2012). 

The estimates on ``tax deduction'' with/without the ``R&D subsidy'' in are quite stable (column (1) and 

(3), implying that the implementations of the two policies are in fact not very correlated (the 

correlation between the ``tax deduction ratio'' and ``subsidy ratio'' at the province by industry sectors 

is around 0.16). The interaction term is negative (though not significant), which indicates a possible 

crowd-out effect between the two policies. Therefore, our estimate of the effect of tax deduction should 

be interpreted as the effect at the average level of subsidy. Even though the crowd-out effect is not 

significant, we still find that in regions where R&D subsidy is not put into place, the effect of tax 

deduction is much higher (19242 compared to 15600, a more than 20% increase). 

5.3 Heterogeneous effect on firms of different size 

                             
1 The data are from the 2009 national survey of R&D activities. 



 

 287 

We conjecture based on Section 5.1 that the policy probably has a larger effect on large firms 

compared to small firms. In this section we formally test this hypothesis. Firstly, we interact firm size 

with the policy strength variable to test the change of the effect of the policy as the firm size changes. 

That is, we modify equation 1 into the following model: 

NewProductit = αi + β · Policyit + γ · Sizeit + η · Policyit × Sizeit + dindustry,ownership,t=2009 + εit(3) 

A positive η indicates that the policy has a larger effect when the firm size increases. The results are 

reported in the first column of Table 5. Indeed we find a very significant heterogeneous effect on firm 

sizes. In order to be sure that this effect is not driven by a few large firms or some large firms within 

certain range, we divide the sample into four quarters by their size percentiles in 2007 (the border lines 

are 25 percentile, median and 75 percentile) and test the effect of the policy on larger firms compared 

to the base firms---those that have size under the 25 percentile. Namely, the model we use is: 

NewProductit =αi + β • Policyit + γ • Sizeit + 

η1 • Policyit × dp25−p50 + η2 • Policy × dp50−p75 + η3 • Policy × dp75−p100+ 

dindustry,ownership,t=2009 + εit  (4) 

The results are reported as the second column in Table 5. It's clear that compared to the lowest quartile, 

firms in the higher quartile have a larger and more significant response to the policy. 

Therefore, the policy indeed seems to have a heterogeneous treatment effect on firms of different sizes. 

The results are consistent with some existing literature that larger firms usually conduct more R&D 

activities and thus are more responsive to such policies. Moreover, in China larger firms usually have 

better accounting system or better connection with the government. Both factors help large firms to 

benefit from the policy more easily. We need to be careful when making quantitative claims on the 

heterogeneous treatment effect on firms of different sizes. Essentially, we are making comparison 

between large firms and small firms. The comparison involves very large extrapolation, since our key 

observable variable, firm size, has no overlap at all. This comparison will only make sense if our 

specified linear functional form between new product sales and firm size is correct. However, this 

relationship does not seem to be linear. Therefore, though we take with confidence the finding that the 

policy is more effective for larger firms, we cannot conclude on the size of the effect simply based on 

the numbers in Table 5. 
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Table 5. The Policy's Effect on Firms of Different Sizes 

 

5.4 Heterogeneous effect on firms of different ownership 

In this section we test whether the policy has heterogeneous effect on firms of different ownership. 

We first aggregate the 23 registration types into four main ownership types: SOEs (including collective 

firms), private firms, HK, Macau and Taiwan firms, and foreign firms.
1 We use private firms as the 

base group and compare them with the other three types of firm ownerships. The model we use is as 

follows: 

NewProductit =αi + β • Policyit + γ • Sizeit + 

ηSOE • Policy × dSOE + ηHMT • Policy × dHMT + ηFOR • Policy × dFOR+ 

dindustry,ownership,t=2009 + εit   (5) 

The results are reported in the first column of Table 6. None of the ownership types respond differently 

to the policy. In order to make the comparison between different types more meaningful, we pre-select 

the sample based on firm size in 2007 to provide more overlap in firm size between different 

ownership types. 

The results using the two sub-samples (firms larger than the median and firms smaller than the 

median) are reported in column (11) and column (12). Except a slightly significant effect for smaller 

than median SOEs, most of the results confirm that there is no heterogeneous treatment effect of the 

policy on ownership types. It shows non-discriminatory nature of tax incentives in terms of firm 

ownership. Therefore the policy can support a wide population of firms, while leaving enterprises a 

maximum of independence (European- Commission, 2003). 

                             
1 The results are similar if we separate SOEs and private firms based on the state-owned capital ratios. 
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Table 6. The Policy's Effect on Firms of Different Ownership 

 

6. Conclusion 

We evaluate the effectiveness of the R&D pre-tax deduction policy in China using the R&D activities 

and output from a panel of more than 180,000 firms in 2007 and 2009 and exploiting a discontinuous 

policy change in 2008. We identify a significantly positive effect on the new product sales by firms 

responding to the change in the strength of the policy. Moreover, the policy seems to be more 

effective for larger firms (measured by the number of employees). Contrary to existing literature, we 

do not find different treatment effects of the policy on firms of different registration types. 

When both R&D tax deduction and subsidy are implemented in the same region, we find suggestive 

evidence of a ``crowd-out'' effect.  However, we do not find significant effect for R&D subsidy 

alone in inducing more innovation output. This is probably not so surprising. Even though the two policy 

instruments are often discussed together or even implemented as substitutes/complementaries of each 

other, there are significant differences between them. 

In the context of innovation promotion policy, tax incentives and R&D subsidy should be viewed as 

complementary tools that are suitable for different purposes (CREST, 2006). The former compensates 

firms through tax credits or allowances for R&D undertaken, while the latter funds the execution of 

R&D with subsidies, loans or grants. The efficacy of each policy instrument depends on the specific 

objective it is meant to achieve. R&D subsidy is preferred when the amount of R&D undertaken in 

not optimal from a societal perspective (Guellec and Van Pottelsberghe De La Potterie, 2003), it may 

also be more appropriate to target specific actors or technology areas whenever there is a need to 

rectify weaknesses or build on strengths (CREST, 2004). On the contrary, tax incentives can support 

a wide population of firms, while leaving enterprises a maximum of independence 

(European-Commission, 2003). Therefore tax incentive is the principal tool for the government to  
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influence the overall level of corporate R&D (Atkinson, 2007).
1
 In our scenario, we focus on the 

policy effect on the general innovation output. The tax incentive is likely to be more effective in 

promoting the business innovation that is wide spread in various industries.
2
  

                             
1 Carvalho (2012) argues that there are three advantages for the fiscal incentive: firstly, tax incentives are less restrictive, 

less selective and leave firms the decision of what R&D projects to undertake. Secondly, tax incentives involve smaller 

administrative costs to implement (Guellec and Van Pottelsberghe De La Potterie, 2003), are less suitable ``to reward 

lobbyists and bureaucrats'' (Hall and Van Reenen, 2000). Lastly, tax incentives are better suited to respond to the growing 

competition for international R&D investment. 

2 Naturally, each policy instrument has its own pitfalls: tax deduction (target on output) possibly faces the moral hazard 

problem while subsidies on innovation input (R&D activities) have to deal with the adverse selection problem. To what 

extent can the final product market help correct the pitfalls in each policy is beyond the discussion of this paper. 
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policy have played an important role in leading to the difference in economic performance between 

the two cities. This article selects 103 innovation policies issued by Tangshan and Handan from 2003 

to 2013, and conducts an empirical analysis on the three-dimensional model through factor analysis 

and clustering analysis. It also discusses the influence of innovation policy design on government 

performance and offers relevant government department with advices on policy design by comparing 

the differences in policy design in three dimensions between the two cities. 
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At present, innovation has become the primary impetus for economic growth in each country. The 

Eighteenth National Congress of the Communist Party of China has put forward the implementation of 

innovation-driven development strategy, i.e. to promote national economy by innovation. But at the 

moment China's economy is mainly driven by resources and capital, instead of innovation. The main 

reason of that is the lack of policy support. 

Many studies and discussions on design of innovation policy have been made by scholars of the world. 

von Tunzelmann believed that the policy forms adopted should evolve with the main changes of 

related technology systems 
[1]

. McGowanet et al. put forward that in a complex innovation system the 

effectiveness of an innovation policy depended on the coordination between proper design and the 
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goal of the policy. Also they considered the innovation policy as a system with different functions 

(technology, production, finance, market and management) regarding such aspects as resources 

(various types of labor forces, capital and national resources) and space (area, region, nation and 

beyond the national scope) 
[2]

. They pointed out design represented the methods by which these 

systems with different levels were established and controlled separately or integrally so as to bring 

benefits. 

Policy makers have been looking for general policy features with which to make comparison between 

countries and regions (Schneider and Ingram；Blair)
[3-4]

. Meanwhile, they have proposed several 

frameworks to analyze and evaluate plans and policies based on three to five aspects. Schneider and 

Ingram suggested that the policy design might be confirmed by its objective, agent (i.e. during the 

management and implementation of the policy) and the connections between them (i.e. policy tools 

and means). Peters held that matching in such aspects as means, policy and management technology 

needed consideration in policy analysis 
[5]

. Despite the lack of a clear and fully developed framework, 

these scientific documents suggested that the design of policy framework was generally determined 

respectively by such aspects as the types and objectives of knowledge proposed, mode of 

implementation, types of support (stimulation) provided and policy tools. These aspects were analyzed 

and used separately or integrally by innovators or by policy researchers. 

With the analysis on ideology and knowledge of innovation policy, Xu and Chen proposed a 

conceptual framework and model of the design of China's innovation policy on the basis of interaction 

among the theory of social science, government learning and feedback of policy practice 
[6]

. Qu and 

Wang divided the regions into remote and undeveloped ones, the old industrial ones and the developed 

central ones, holding that the regional innovation policy-makers should formulate innovation policies 

in accordance with regional features 
[7]

. Yang proposed that the formulation of regional innovation 

policy should comply with the principles such as overall coordination, differentiation, regionality and 

operability 
[8]

. According to Sheng and Chen, since there were significant differences in the effect and 

appeal between interested parties in technology innovation, the design of innovation policy was 

expected to meet the heterogeneous demands of such parties. Also, they emphasized that more 

attention should be given to the users, senior executives, suppliers and other innovation interested 

parties in the future design of innovation policy 
[9]

. Qiu, Chi and Yang established a theoretical 

framework of the design of regional scientific and technical innovation policy from the aspects of 

theory of social science, policymakers and policy practice 
[10]

. 

Current theoretical research provides sound suggestions to the design of regional innovation policy. 

But only the framework research of innovation policy has been conducted, without concerns on the 

performance evaluation of policy implementation. The effect evaluation of policy design might be 

more accurate by adopting comparative research. Tangshan and Handan are both in Hebei Province. 

Except for the fact that Tangshan is a coastal city, they are similar in all aspects especially in the 

industrial structure. Although they enjoy equivalent provincial-level and national-level policies, 
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significant differences in the rate and quality of economic growth between the two cities have 

appeared in recent years. In 2003, per capita GDP in Handan was 8934 yuan while that in Tangshan 

was 18387 yuan with the difference between two cities being 9453 yuan. In 2013, per capita GDP was 

30827 yuan and 79365 yuan in Handan and Tangshan, respectively, with the difference between them 

being 49538 yuan. Their provincial GDP difference even reached 306 billion yuan. This research is an 

attempt to find the factors influencing the innovation performance by comparing the differences in 

innovation policy between two cities so as to optimize the innovation-driven policy and to provide a 

sound policy support system to the implementation of innovation-driven development strategy. 
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1.  Three-dimensional model for the design of regional innovation policy 

According to the knowledge objective (i.e. supporting the emergence of new knowledge and the 

diffusion of existing knowledge), Ergas differentiated the task-oriented policy from the 

diffusion-oriented one 
[11]

. Callon et al believed that a sound policy design depended on the analysis on 

social technical network involved in the process of addressing problems by such policy 
[12]

. However, 

the reason for different countries to choose design, implementation and policy tools as the change of 

time could not be entirely explained as the process of learning or style of the country (Peters, 

2000;Blair, 2002). Freitas and Tunzelmann proposed the framework of the design of innovation policy 

in three dimensions, i.e. knowledge objective, policy tools and policy implementation, based on the 

preliminary research 
[13]

. 

In order to analyze the policy design of different regions in different period, a three-dimensional 

framework model suitable for our national reality was put forward based on knowledge objective, 

policy tools and policy implementation according to the design model of innovation policy proposed 

by Freitas and Tunzelmann and the features of regional innovation policy in China (as shown in Table 

1). From such three dimensions, the innovation policy was classified into the three types which are 

knowledge objectives (task-oriented and diffusion-oriented), policy tools (specific and general) and 

policy implementation (directed by municipal government and by county-level government). 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Three-dimensional Framework Model of the Design of Innovation Policy 

(1) Types of knowledge objective (task-oriented or diffusion-oriented) 

Task-oriented innovation policy aims at promoting the emergence and development of new knowledge, 

technology or product mainly by encouraging enterprises and scientific research institutions to explore 

new knowledge or technology. Diffusion-oriented innovation policy targeted at the diffusion of 

existing knowledge and technology instead of providing information, consultancy and financial 

support to enterprises. 

(2) Types of policy tools (specific or general) 
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The specific innovation policy provides detailed support such as fiscal subsidy and tax preference to 

enterprises. The general innovation policy offers general support such as infrastructure for innovation, 

information and direction to enterprises so as to enable them to innovate according to their own 

features. 

(3) Types of policy implementation (directed by municipal government or by county-level 

government) 

The innovation policy directed by municipal government mainly supports particular projects, with the 

implementation and supervisory conducted by the municipal government. Innovation policies directed 

by county-level government are implemented by relatively dispersed governments of districts and 

counties or organizations. Such policy is likely to provide a known support framework and take 

customized service of information, technology, consultancy and fiscal support. Its implementation is 

supervised in an indirect way. 

2.  Source of information and variable selection 

2.1 Source of information 

This article selects 103 innovation policies formulated and implemented in Tangshan and Handan from 

2003 to 2013. Related information comes from policy papers issued by Government Information 

Opening Platform of Tangshan, Development and Reform Commission of Tangshan, Science and 

Technology Bureau of Tangshan, Government Information Opening Platform of Handan and Science 

and Technology Bureau of Handan. 

2.2 Variable selection 

This article chooses variables from such aspects as way of gaining benefit and types of enterprises, 

types of benefit gained by enterprises, activities and content supported by policy, customization of 

public support needed by enterprises, policy objectives and implementation in order to describe the 

design of innovation policy (see Table 1). The description of variables is detailed in Appendix 1. 
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Table 1 Variables for the Description of Policy Design 

Variables description Names of variables Types of variables 

Way of gaining benefit and types of enterprises 

Whether direct benefit is provided to enterprises or not 

Types of restriction (none, scale, industry, others) 

 

Fund support 

Entry restrictions 

 

Dummy variables 

Variables 

Classification (4 

types) 

Types of benefit gained by enterprises 

Fiscal subsidies 

Information 

Suggested service 

Demonstration 

Regulation 

 

Fiscal subsidies 

Information 

Suggested service 

Demonstration 

Regulation 

 

Dummy variables 

Dummy variables 

Dummy variables 

Dummy variables 

Dummy variables 

Activities and content supported by policy 

Research 

Technology adoption 

Cooperation 

 

Research 

Technology 

adoption 

Cooperation 

 

Dummy variables 

Dummy variables 

Dummy variables 

Customization of public support needed by enterprises 

Such policy is popularized in provincial region. 

Policy customized by local government under national 

guidance. 

 

Such policy is 

popularized in 

provincial region. 

Policy is particular 

in the region. 

 

Dummy variables 

Dummy variables 

Policy objectives 

Emergence of new technology 

Technical skills transferred to enterprises 

Intra-industry diffusion of new technology 

Achievement transformation of new product and technology 

Improving service to enterprises 

 

Emergence of 

technology 

Technology transfer 

Technology 

diffusion 

Achievement 

transformation 

Service 

improvement 

 

Dummy variables 

Dummy variables 

Dummy variables 

Dummy variables 

Dummy variables 

Implementation 

Direct implementation and supervision by municipal 

government 

Implemented and supervised by county-level government and 

 

Implemented by 

municipal 

government 

Implemented by 

county-level 

government 

 

Dummy variables 

Dummy variables 

3.  Empirical test of three-dimensional model of the design of regional innovation policy 

3.1 Factor analysis 

Since the variables of policy design selected by this article are relevant to each other and cannot be 

used in the type research, the factor analysis on the selected variables should be conducted so as to 

determine meanings represented by different variables. 

Firstly, 103 innovation policies (of which 60 come from Tangshan and 43 from Handan) are quantized 

by the variables in Table 1 and then the quantized data are standardized before factor analysis. 
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Table 2 Eigenvalues and Contribution Rates of Factors 

Total Variance Explained 

Component 

Initial Eigenvalues 

Extraction Sums of Squared 

Loadings 

Rotation Sums of Squared 

Loadings 

Total 

% of 

Variance Cumulative % Total 

% of 

Variance Cumulative % Total 

% of 

Variance Cumulative % 

1 4.052 21.328 21.328 4.052 21.328 21.328 3.373 17.755 17.755 

2 2.668 14.045 35.373 2.668 14.045 35.373 2.390 12.576 30.331 

3 2.192 11.535 46.908 2.192 11.535 46.908 1.828 9.621 39.952 

4 1.609 8.466 55.374 1.609 8.466 55.374 1.757 9.247 49.199 

5 1.184 6.232 61.606 1.184 6.232 61.606 1.546 8.137 57.336 

6 1.133 5.963 67.569 1.133 5.963 67.569 1.457 7.671 65.007 

7 .983 5.172 72.741 .983 5.172 72.741 1.238 6.515 71.522 

8 .935 4.921 77.662 .935 4.921 77.662 1.167 6.140 77.662 

 

According to the table, the accumulated variance contribution rate of eight common factors reaches 

77.662%. Thus these eight factors are selected to explain variable. In addition, the factor loading 

matrix is rotated so as to further explain meanings of common factors. 
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Table 3 Factor Loading Matrix after Rotation 

Rotated Component Matrix
a
 

 Component 

 1 2 3 4 5 6 7 8 

Zscore (direct yield) -.105 .943 .138 -.083 -.050 .000 .045 -.024 

Zscore (entry 

restrictions) 
.095 .578 .101 .038 .112 .077 .277 .011 

Zscore (fiscal subsidy) -.047 .891 .136 -.043 -.142 -.079 -.017 .054 

Zscore (information) -.005 -.297 .001 -.074 -.134 -.031 -.853 .155 

Zscore (recommended 

service) 
-.165 -.352 .101 .038 -.577 .129 .426 .432 

Zscore 

(demonstration) 
.329 -.063 -.124 -.009 -.035 .060 .164 -.863 

Zscore (regulation) .072 -.138 -.073 -.025 .896 -.012 .211 .053 

Zscore (research) -.040 .221 .770 -.034 .104 -.126 .012 .248 

Zscore (technology 

adopted) 
-.066 -.025 -.074 .677 -.092 .299 .088 .168 

Zscore (cooperation) .122 -.156 .305 .023 .042 .667 .127 -.174 

Zscore (ubiquity in 

provincial region) 
-.865 .015 .227 -.008 -.028 -.204 -.090 .040 

Zscore (particular in 

the region) 
.865 -.015 -.227 .008 .028 .204 .090 -.040 

Zscore (emergence of 

new technology) 
-.182 .154 .791 -.094 -.185 .050 -.026 -.029 

Zscore (technology 

transfer) 
-.050 .002 -.041 .895 .096 .007 -.082 -.117 

Zscore (technology 

diffusion) 
-.090 -.159 .125 .612 -.285 -.386 .302 -.001 

Zscore(achievement 

transformation) 
.148 .083 -.175 .091 -.112 .731 -.042 .080 

Zscore (service 

improvement) 
.102 -.088 -.524 -.257 .432 -.320 -.152 .141 

Zscore(implemented 

by the city 

government) 

.909 .000 .034 -.105 .058 -.042 -.104 -.131 

Zscore(implemented 

by the county level 

government) 

-.890 .027 -.076 .092 -.078 .016 .065 .155 

 

According to the factor loading matrix after rotation, the following results can be obtained: 

The first common factor represents the region and implementation agency of the innovation policy. It 

reflects whether the innovation policy is formulated in accordance with the regional features, and 

whether the implementation and supervision of the policy are conducted by the municipal government 

or by the county level government. 

The second common factor represents the public support. It reflects the direct fiscal subsidy and the 
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restriction of enjoying the innovation stimulating policy. For example, the beneficiaries of some 

policies are restricted to small and medium-sized enterprises or to certain industries. 

The third common factor represents knowledge development. It reflects how the government supports 

enterprises to realize the objective of generating new technology and dedicates to improving service 

for enterprises. 

The fourth common factor represents the policy diffusivity. It reflects how the innovation policy 

stimulates the transfer of new technology to enterprises and its intra-industrial diffusion and 

encourages enterprises to adopt the new technology. 

The fifth common factor represents innovation environment. It reflects how the innovation policy is 

supported by an environment for innovation, i.e. to facilitate innovation by offering suggestions and 

basic conditions which are essential to the innovation but unavailable to enterprises. 

The sixth common factor represents encouragement for market development. It reflects the fact that 

the innovation policy encourages cooperation between enterprises and colleges and scientific research 

institutions, and supports the achievement transfer of new product and technology in order to promote 

market development. 

The seventh common factor represents common support. It reflects how the innovation policy 

encourages innovation by offering information. 

The eighth common factor represents the guidance of innovation policy. It reflects the demonstration 

conducted to facilitate enterprise innovation and guide the innovation. 

3.2 Clustering analysis 

In order to understand the relation between innovation policy and three-dimensional model better, the 

103 innovation policies are classified into 7 types, namely, policies for research and development, 

polices for service, polices for fiscal investment, polices for transformation of scientific and technical 

achievements, polices for scientific and technical cooperation and talent introduction, polices for 

environmental improvement and polices for technical flow. Similarly, the innovation policies (of 

which 60 are from Tangshan and 43 are from Handan) fall into 6 types by K-means clustering analysis. 

All types are the same with those 7 ones above except two of them: one is that the policies for fiscal 

investment and policies for research and development in Tangshan are merged into polices for 

promoting innovation, the other is that the policies for transformation of scientific and technical 

achievements and policies for technical flow are merged into policies for introduction and 

transformation. See Appendix 2 for policy types. 
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Table 4  Results of Clustering Analysis 

Category 

Categories of knowledge 

objectives Categories of policy tools 

Categories of policy 

implementation 

Task-oriented 
Diffusion-orient

ed 
General Specific 

Directed by 

municipal 

government 

Directed by 

county-level 

government 

Tangsh

an 

Handa

n 

Tangsh

an 

Handa

n 

Tangsh

an 

Handa

n 

Tangsh

an 

Handa

n 

Tangsh

an 

Handa

n 

Tangsh

an 

Handa

n 

Policies for 

research and 

developmen

t 

 ＊      ＊  ＊   

Polices for 

service 
＊ ＊ ＊  ＊  ＊ ＊ ＊ ＊ ＊  

Polices for 

fiscal 

investment 

 ＊    ＊    ＊   

Polices for 

transformati

on of 

scientific 

and 

technical 

achievement

s 

  ＊  ＊    ＊  ＊  

Polices for 

scientific 

and 

technical 

cooperation 

and talent 

introduction 

＊ ＊ ＊ ＊  ＊ ＊    ＊ ＊ 

Polices for 

environment

al 

improvemen

t 

＊   ＊ ＊  ＊ ＊ ＊  ＊ ＊ 

Polices for 

technical 

flow 

  ＊  ＊  ＊    ＊  

Policies for 

innovation 

promotion 

＊    ＊    ＊  ＊  

Policies for 

introduction 

and 

transformati

on 

   ＊  ＊    ＊  ＊ 

 

＊ represents corresponding dimension of each policy in Tangshan and Handan respectively. 

According to the results in the table above, in the dimension of types of knowledge objective, the 

support to task-oriented policies and diffusion-oriented policies from Tangshan is approximately the 

same with that from Handan. From the dimension of policy tools, Tangshan is superior to Handan in 
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both specific support and general support. Specifically, the scope of innovation policies in Tangshan is 

relatively larger, providing both general support and specific guidance to the innovation in enterprises. 

The innovation policies in Handan are relatively single, taking no count of specific support and 

general guidance. In the dimension of policy implementation, Tangshan is superior to Handan as well. 

Practically, there is no significant difference in the guidance from municipal government between the 

two cities, but in terms of the guidance from county-level government, Tangshan outperforms Handan. 

In other words, in Tangshan the implementation of innovation policy is not merely guided and 

supervised by the municipal government,  moreover, it is supported by the county-level framework. It 

also reflects that besides supporting specific projects, the innovation policies of Tangshan also back up 

general ones that may be implemented by county-level government. However, in Handan, although the 

innovation policies provide great support to specific projects, they do not back up general ones. 

4.  Conclusion and policy implication 

This article proposes a three-dimensional model for the design of innovation policy and conducts 

empirical test on such model with the sample of innovation policies of Handan and Tangshan from 

2003 to 2013. The research suggests that innovation policy design is composed of three dimensions 

which are knowledge objectives, policy tools and policy implementation. Since innovation policies in 

Tangshan and Handan are designed with different combination of such three dimensions, there is a 

huge difference in economic performance between two cities. The policy makers should pay attention 

not only to the specific policy tools, but also to general ones. For example, besides attaching 

importance to such general innovation polices as fiscal subsidy and tax preference, they should 

provide innovation infrastructure and information. Moreover, policy implementation needs support 

from municipal government as much as that from county-level government. 

5.  Further research direction in the future： 

We can further explore the methods and types of classification of innovation policy in the future. In 

addition, we should compare and analyze multiple regional innovation performance and the design of 

innovation policy and research the regional development in-depth as far as possible. combining the 

condition of different areas of innovation, making regional innovation policy according to the regional 

general situation and specific conditions will be the future research direction. 
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