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1. Introduction 

Universities as knowledge creators in global worlds attract a lot of attention of researchers and 

policy-makers today (e.g., Etzkowitz, 2008; van Looy et al., 2011; Ranga and Etzkowitz, 2013; 

Audretsch et al., 2014). From a European perspective, this is mainly because Europe‘s future is seen as 

dependent upon opportunities of science, engineering and technology, both in solving the grand societal 

challenges and increasing competitiveness of the European economy (EC, 2014). University spin-offs 

(USOs) are an important part of this attention when it comes to a better use of opportunities of science, 

engineering and technology. Though intermediation is certainly not the primary aim of these firms, they 

may take on such a role in potentially and actually connecting different Triple/Quadruple Helix partners 

and improving knowledge flows, but this role has remained largely unknown. University transfer offices 

and incubators have received a lot of attention in this respect, but spin-off firms have not.  

Today, it is not a matter of establishing commercialization and collaboration between academia and 

business, but of making the actions more effective and productive (Geuna and Muscio, 2009; Bruneel 

et al., 2010; van Geenhuizen, 2013). In many knowledge economies in the world, the Triple or 

Quadruple Helix do not work satisfactory due to the influence of various barriers between the actors 

involved. Barriers preventing collaboration in this context may be related to task conflicts and 

relationship conflicts (Ranga and Etzkowitz, 2013). Common task conflicts originate from the 

different time horizon used at university compared to business world and this is connected with 

different aims in knowledge production. Universities use time horizons of four years (PhD research) 

and aim at a scientific output and recognition among peers in the first place, while the business world 

avoids starting research or ends it if no commercial opportunities are perceived, and also employs 

different attitudes on disclosure of research results (IP) (Bruneel et al., 2010). Relationship conflicts 

are stronger connected to personal affinity and preferences. Such conflicts may block a fruitful 

collaboration if university staff has weak affinity with applied research and the market and if 

perspectives for market introduction are modest (van Geenhuizen, 2013).  

This study has a focus on spin-off firms arisen from universities. These firms (USOs) are 

conceptualized as a specific class of independently established high-technology start-ups that bring 

university knowledge to market and that are founded by university graduates or staff members (Pirnay 

et al., 2003). University spin-offs are relatively poor in resources, in particular, they lack skills beyond 

their technology field due to their young age and one-sided education, in particular, they face a lack of 

management and marketing skills, and skills to access investment capital and market channels (Vohora 

et al., 2004; van Geenhuizen and Soetanto, 2009; Soetanto and van Geenhuizen, 2014). However, 

spin-offs attempt to improve this situation, thereby actively connecting themselves with other 

Triple/Quadruple Helix actors, like large companies, small companies, public authorities, financial 

investors, etc. By their very existence university spin-off firms bring inventions and other solutions 
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created at university to market, which could be seen as a passive intermediary role. However, in their 

entrepreneurial networks, these firms may actively act as mediator and connect themselves with other 

Triple Helix/Quadruple actors, eventually ones that did not know each other before, and affect not 

only the knowledge but also the networks and actors involved. Accordingly, Doganova (2013) 

distinguishes between the role of spin-off firms in transformation and transfer of knowledge between 

different worlds, academic and business, and the role as mediator for a variety of actors, like 

researchers, users, customers, investors, etc., thereby also affecting, and sometimes even transforming, 

the networks and network participants involved. The latter tends to be associated with exploration 

activity, uncertainty and collective action, hence the collaboration of diverse actors is seen as 

important. Attention in the literature to this role of spin-off firms has been scarce. 

Against this backdrop the following research question is addressed with respect to university spin-off 

firms: What is the level of diversity in partner types in spin-off networks and to what extent are 

spin-offs faced with high potentials for a role in Triple/Quadruple Helix intermediation as mediator? 

And, which factors enhance the shaping of high partner diversity serving this role?  

This paper is confined to knowledge networks that support commercialization of knowledge created at 

university. Policy networks in which Triple/Quadruple Helix actors are involved are excluded. 

Accordingly, the paper explores the broader concept of intermediary in Triple/Quadruple Helix 

innovation interaction and, specifically, with regard to a mediator role by spin-offs, and the 

background in terms of drivers to network building. It then turns to an empirical study to identify and 

characterize the pattern of network relationships of spin-offs in terms of potential mediator activity, 

focusing on partner diversity. We use a sample of 105 spin-offs of young age and estimate influences 

on the shaping of their networks. In addition, we illustrate the main trends in a mediator role using two 

case studies of spin-off firms. 

This study adds to the literature as follows. Despite the function of bringing university knowledge to 

market, university spin-offs (USOs) have seldom been considered as acting as a mediator in the 

Triple/Quadruple Helix system. Many intermediaries have been addressed empirically, like transfer 

offices at universities, knowledge intensive service firms (KIBS), knowledge brokers, knowledge 

platforms as living labs, the government (state) etc. but spin-off firms have remained offside this range 

(Howells, 2006; Todeva, 2013; Meyer and Kearns, 2013; Schlierf and Meyer, 2013; van Geenhuizen, 

2014) with the exception of Doganova (2013) in which the role of  mediator is forwarded. This study 

systematically explores one of the major requirements for this role, namely diversity in partners in the 

network. 

2. State-of the Art: Spin-offs as intermediaries and mediators 

2.1 Intermediation and mediator role 

Generally speaking, intermediaries in an innovation system are seen as organizations/bodies aimed at 

improving the functioning of this system. The emergence of increasing levels of collaboration and 
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outsourcing has led research on intermediaries to more closely analyze the roles of nodes and links in 

the system (e.g. Howells, 1999, 2006). The different terms used for intermediary organizations, like 

third parties, bridges, brokers, facilitators and boundary-spanning organizations, indicates the different 

areas in which intermediaries have been studied, like in knowledge transfer and innovation diffusion, 

innovation management, systems of innovation, and servicing organizations, specifically knowledge 

intensive businesses (KIBs). Though many studies on innovation intermediaries use partial or 

fragmentary definitions of intermediary activities, the main aim of intermediary organizations can be 

described as to alleviate bottlenecks impairing a good flow of knowledge within the system by 

providing value-added activities/services to individual actors, including two-way communication and 

representation, as well as facilitation of searching, negotiation and decision-making, thereby reducing 

the search, bargaining and coordination costs of the individual actors involved (Howells, 2006; Meyer 

and Kearns, 2013; Todeva, 2013). 

In terms of structural position in the system, one may distinguish between intermediaries that are 

in-house at one of the actors and those that are outside, somewhere in-between and independent, the 

last as a genuine third party. Such different positions may influence the intermediation power, 

particularly the independence of the activity. In this context, most spin-off firms can be considered as 

independent parties, but part of then maintain close relationships with their mother organization. In 

addition, aside from permanent intermediaries we observe the rise of intermediary organizations that 

are meant to be temporary, often created at university and including public research organizations, 

large and small firms, among others spin-off firms, etc. These type of intermediaries bring different 

actors together within one organization. Such temporary organizations or ‗centers‘ are usually 

concerned with a particular technology or societal application and are clearly focused in terms of aims, 

among others associated with specific financing support programs.  

Though spin-off firms are not established with the aim to ‗connect university with industry‘, ‗connect 

firms to each other‘ or to contribute to ‗the formation of academy-industry-government relationships‘ 

(Howells, 2006; Metcalfe, 2005) they act as intermediaries in bridging the academic and business 

world while moving and transforming new knowledge to the market. This is the ‗traditional‘ idea of 

knowledge transfer (Howells, 1999). However, more recently attention has been attracted by a related 

but different activity of spin-off firms and that is the role of mediator in connecting different 

Triple/Quadruple Helix actors, inserting strangers or outsiders into the networks, while dealing with 

uncertainty (like in a niche) and creating collective action in exploration activity (Doganova, 2013).  

Learning in innovation systems is often cumulative, interactive and path-dependent. As a result, 

partners tend to draw on knowledge acquired in the past or being close to their own knowledge base 

(Cohen and Levinthal, 1990) a situation that provides opportunities in learning but also sets clear 

limits due to different distances, including cultural and scientific distances (Nooteboom, 2000). 

Accordingly, a mediator role of spin-off firms is one of the explicit or implicit mechanisms of 

combining different capabilities in an innovation system and social construction of learning processes 
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(Amin and Cohendet, 2000) thereby making diversity in partners including outsiders as an important 

attribute of the networks. Mediators not only transform the knowledge that they move forward to the 

market, but also the spaces in which they circulate, social and regional, and the entities that are 

involved in emitting and receiving and in supporting it, such as other universities, other firms, 

investors, user-groups, public authorities, etc. (Doganova, 2013). Seen from this viewpoint the 

mediator role is more closely associated with exploration activity including search, risk-taking, 

experimentation, than with exploitation activity focusing on implementation, efficiency and execution, 

etc. (March, 1991; Levinthal and March, 1993).  

2.2 Influences on diversity in network partners 

The extent of diversity in partners in the networks of spin-offs may differ. In the remaining section we 

discuss a set of factors that may influence the partner diversity in networks and indicate more or less 

mediating activity. Partners may come from the same or from different socio-economic spheres, they 

know each other before to a different extent, and they may come from the region or from other regions. 

In understanding different network diversity, as an important requirement for a mediator role, we use 

two angles, the one of entrepreneurial orientation, and the one of resources/capabilities.  

First, spin-offs – as firms – have different entrepreneurial orientations (Lumpkin and Dess, 1996), for 

example, in terms of level of innovativeness (risk-taking) i.e. being a forerunner or  (fast) follower 

(Mohr et al., 2010) and in terms of envisaged firm size and global position. These differences reflect a 

diverse involvement in rapid new product development, seeking out new opportunities and taking the 

risks of market pioneers. As first movers are surrounded by a great deal of uncertainty, they have to be 

able to scan a wide range of external circumstances, using various individuals and groups (Mohr et al., 

2010). Therefore, adopting a first mover or follower strategy - indicating different levels of pro-active 

innovativeness - is assumed to involve different needs of spin-offs in terms of partner diversity and, 

connected with this, different activity as a mediator. 

Secondly, the industry sector, broadly distinguished in science-based activity and market-based 

activity, is also seen as playing a role in network diversity (Tidd et al., 2005; Jensen et al., 2007). Most 

of the firms operate in rapidly changing environments and, accordingly, need more knowledge and 

learning from leading universities, financial institutes, public authorities, large firms, etc. (Mohr et al., 

2010), potentially implying the need for a ‗more varied‘ diversity. By contrast, non-science-based 

firms are mainly involved in experience-related and problem-related learning (Jensen et al., 2007). As 

a result, they may need open relations that are more limited, particularly in terms of diversity, as 

learning mostly takes place ‗on the job‘ and in close interaction with users/customers (Jensen et al., 

2007).  

Further, the establishment of networks requires a set of already owned resources and capabilities. That 

is why resources/capabilities at start of the spin-off are important, for example, these influence the 

receptivity to important external knowledge and partners and the ability to connect with them and gain 

benefits from them. Accordingly, we consider a number of capability factors that are commonly 
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argued in the literature to influence learning abilities and that are specific for spin-offs being young 

start-ups, i.e. size of the founding team, and education and pre-start experience of the founding team 

members.  

Existing theory on influence of size of founding teams is contradictory, with some suggesting that, 

when the founding team is larger, the firm in question is more open to diversity when it comes to 

learning and managing knowledge networks (Davidsson et al., 2006). However, in literature on team 

management, larger founding teams are assumed to increase the chance of becoming less efficient with 

members exerting less effort and performing at lower levels (Robbins and Judge, 2011). In addition, if 

spin-off firms have larger founding teams, they have less strong demands for external resources to be 

gained through networks. Likewise contradictory, the education and training of founding team 

members tend to influence a firm‘s learning activity (Cohen and Levinthal, 1990). Higher education 

levels may have a positive influence on the ability to detect new (external)  knowledge that is useful 

and on the acquisition of that knowledge (Colombo and Grilli, 2010), however, a higher education 

may also cause a ‗lock-in‘ situation based on self-confidence and reliance (Beckman et al., 2007; 

Dencker et al., 2009). Furthermore, it can be expected that founding teams with a multidisciplinary 

education are more open to the external sources, due to their increased ability to connect with more 

diverse partners. With regard to participation in training, having fulfilled market-related training may 

help the firm be more open to external partners, particularly in terms of looking for complementary 

knowledge on markets, competitors and industrial trends (Escribano et al., 2009). On the other hand, 

training may have a negative influence on partner diversity if the knowledge that is required is 

internalized and relationships with specialized partners become redundant.  

And finally, pre-start experience is considered important in the learning processes of new ventures 

(Lee et al., 2010; Beckman et al., 2007). A distinction is often made when it comes to the type of 

experience (dealing with starting-up, managerial and organizational issues, and R&D), and the 

similarity with the sector of the new venture, without empirical research so far explicitly questioning 

the influence. Accordingly, we focus on diverse experience types (knowledge domains). Beckman et al. 

(2007) confirm that founding teams with diverse scope of experience are able to learn more efficiently, 

leading us to assume that, with a broad pre-start experience, the networks of spin-offs are likely to 

establish more partner diversity in their network and act as mediator.  

 In exploring the model of partner diversity, we also include various control factors, like the region of 

establishment of the spin-off; this because we assume that spin-offs in regions with a small economy 

at large distance from the core economy develop other types of network compared to spin-offs in 

core-metropolitan areas (Soetanto and Van Geenhuizen, 2008). Also, we expect the level of 

competition in the market to influence the shaping of networks. Strong competition may urge shaping 

networks that aim at remaining competitive, including more contacts on cost reduction and/or 

increasing the level of uniqueness, this in contrast to spin-offs facing low/absence of competition 

(Mohr et al., 2010). Finally, we also take the size of the spin-off into account at the time of the survey. 
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This provides us with an indication of growth of the firm between start and survey, which is important 

as with increasing size the resources/capabilities to network building also tend to increase, while at the 

same time, the need for networking may decrease because through attraction of new employees the 

missing resources may enter the firm and be internalized, potentially reducing the role of mediator. 

3. Methodological aspects  

3.1 Sample and data-collection  

The data were collected in 2006/7 from two universities (Delft University of Technology in Delft, the 

Netherlands, and the National Technical University of Norway in Trondheim). The decision to select 

Delft and Trondheim was based on a meta-analysis of growth of 40 university-related incubators, with 

the assumption of different network patterns due to local situations (van Geenhuizen and Soetanto, 

2009). Furthermore, the Netherlands and Norway share a similar, relatively risk-averse 

entrepreneurship culture and can both be qualified as innovation followers in the past years (Pro-Inno 

Europe, 2010). This means that the pattern is not distorted by different national influences. What could, 

however, influence levels of openness is a somewhat stronger emphasis in the regional economy on 

the internationally oriented oil and gas industry in Trondheim compared to Delft.  

The selection of spin-off firms took place using the criteria of existing in 2006 and being no older than 

10 years, in order to identify early networks. All firms in the population (150) were approached for the 

interview using telephone or mail, which resulted in an overall response rate of 70 per cent (105 firms). 

The face-to-face interview, using a semi-structured questionnaire, took 50 to 90 minutes, to obtain a 

good impression of the network of knowledge relationships, including knowledge domains and the 

socio-economic background of the partners. All respondents were members of the management team 

and most of them were also part of the original founding team. In most cases, there was one 

interviewee, sometimes there were two; in neither case, the knowledge network that was pictured was 

the network of the individual respondents, since we asked explicitly for the network at the firm level. 

Note that, although excluding non-survivors among start-up firms is a common source of bias in the 

results of studies like this one, it appeared that mortality rates among university spin-off firms are 

relatively low. With regard to the European Union, Mustar et al. (2008) suggest that 75 per cent of the 

firms survived after six years. Local experts in Delft even suggest an 85 per cent survival rate 

(personal communication).  

3.2 Measurement 

The aim of the data collection was to obtain information regarding networks, capability factors and 

entrepreneurial orientation (strategy choices) among representative spin-off firms. Prior to the survey, 

several pilot interviews were conducted to test the research instrument, and one of the pilot findings 

was that the respondents would  be better able to identify and provide details about the most 

important knowledge partners if we set the maximum at five persons. Accordingly, we measured a 

core network of maximum five knowledge partners in order to acquire more detailed and precise data 
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on network characteristics. Despite the upper limit of five, there was still some differentiation in size 

of the core network, with 14 per cent naming two partners, 34 per cent three partners, 29 per cent four 

partners, and 23 per cent five partners. In addition, the network, as it was measured, is also limited to 

the ego-network, meaning that larger interconnected networks have remained outside of the analysis. 

Diversity is seen as diversity among the partners, who connect with different social and economic 

circles, particularly Triple/Quadruple Helix partners, including local/regional circles. Using the latter 

assumes that, with increasing distance, the newness of social circles increases, as the likelihood of 

established face-to-face contact decreases with distance (Bathelt et al., 2004). Partner diversity is 

calculated as the product of socio-economic background diversity and local/regional diversity, as 

follows:  

𝐷𝑖𝑣 = 𝐻𝑠 (1 +
𝐸𝐼

2
)          (1) 

and 𝑠 = 1 − ∑ (
𝑎𝑘

𝑁
)28

𝑘=1       (2) 

where ak is the number of partners with a different socio-economic background, and where  𝑘 =

1 (𝑙𝑎𝑟𝑔𝑒 𝑏𝑢𝑠𝑖𝑛𝑒𝑠𝑠), 2 (𝑢𝑛𝑖𝑣𝑒𝑟𝑠𝑖𝑡𝑦)  3 (𝑠𝑚𝑎𝑙𝑙 𝑏𝑢𝑠𝑖𝑛𝑒𝑠𝑠), 4 (𝑔𝑜𝑣𝑒𝑟𝑛𝑚𝑒𝑛𝑡),  

5 (𝑓𝑎𝑚𝑖𝑙𝑦 𝑜𝑟 𝑓𝑟𝑖𝑒𝑛𝑑𝑠), 6 (𝑓𝑖𝑛𝑎𝑛𝑐𝑖𝑎𝑙 𝑖𝑛𝑣𝑒𝑠𝑡𝑜𝑟), 7 (𝑙𝑒𝑎𝑑 𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟), 8 (𝑜𝑡𝑒𝑟𝑠).  N is the total 

number of partners with whom a university spin-off interacts (one type for each partner), and a higher 

value indicates a higher level of socio-economic background difference (min: 0; max: 1). Note that a 

partner could be assigned to only one partner type (identity). In a few cases, the father of one of the 

founders acted as a substantial investor and advisor to the firm on the basis of his own business 

activity, but we asked the respondent to assign the main identity according to his vision to this partner. 

In addition, spatial orientation is calculated as:       

𝐸𝐼 =
𝐸𝑝−𝐼𝑝

𝐸𝑝+𝐼𝑝
                                   (3) 

where Ep is the number of external, non-local, partners, at more than 60 minutes by car, and Ip is the 

number of local partners (𝐸𝑝 + 𝐼𝑝 = 𝑁). A high value indicates a relatively strong external orientation. 

4. Results  

4.1 Diversity of partners: descriptive analysis 

We are dealing with early networks of spin-off firms, with an age of five years on average. This means 

that most probably the spin-offs are partially moving away from small social circle-based networks 

and finding a balance between relational embeddedness (partners at university from pre-start times, 

small incubator firms, friends) and new arm‘s length relations like with (launching) customers and 

suppliers (Hite and Hesterley, 2001; Vohora et al., 2003).  

This section focuses on the type of partners involved in the networks from the viewpoint that a 

relatively high partner diversity enhances the acting of spin-off firms as mediators in exploration 

processes. We measured the networks as the core network of five partners at maximum and focus on 

the presence of different Triple/Quadruple Helix partners in the networks and on the ability to insert 
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strangers or outsiders in the networks.  

Table 1 Measurement and descriptive statistics 

Control variables  

City-region: variable in two categories of cities, as a 

dummy (Trondheim=1) 

Trondheim: 42%; Delft: 58%  

Market competition: variable in two categories  (many 

competitors=1) 

Many competitors: 56%; Few 

competitors: 44% 

Firm age: continuous variable as number of years since 

firm foundation to 2006 

Avg.: 4.9;  sd.: 3.1; min-max: 

0-10 

Firm size: continuous variable as number of full time 

equivalent in 2006 

Avg.: 7.2; sd.: 6.9; min-max: 

0.5-51 

Capability factors  

Size of founding team: continuous variable as team 

members at foundation  

Avg.: 2.3;  sd.: 1.2; min-max: 1-5 

Pre-start experience areas: continuous variable as sum of 

types of  founders‘ experience in research/ management, 

and other areas 

Avg.: 1.1; sd.: 0.9; min-max: 0-3 

Education level of founding team (number of PhD): 

continuous variable measuring the members with PhD 

Avg: 0.6; sd.: 0.9; min-max: 0-3 

Multidisciplinary education of founding team: variable in 

two categories  (multiple studies=1) 

Single technology (65.7%); 

multiple studies (34.3%) 

Participation in training by founders: variable in two 

categories, yes (1) and no (0), as a dummy 

Yes (31.4%); No (68.6%) 

Entrepreneurial orientation  

Type of innovation activity: variable in two categories, 

science-based (1) versus non-science based (0), as a 

dummy  

Science-based: 27%; Non-science 

based: 73% 

Initial growth strategy: a compound variable (size and 

international orientation), in three categories 

Large and international (37%); 

small and international (53%); 

small and local (10%) 

Level of innovativeness: continuous variable derived as a 

compound variable from R&D expenditure, newness in 

innovation and patenting  (based on factor analysis ) 

Avg.: 0.1; sd: 0.85; min-max: -1.4 

- 1.1. 

Dependent variable  

Diversity: continuous variable indicating social-economic 

diversity of knowledge partners, incl. spatial orientation 

Avg.: 0.35; sd.: 0.2; min-max: 

0-0.9 

Additional variable  

‗Connecting power‘: number of stranger ties (partners not 

acquainted with each other before) 

Avg.: 2.29; sd.: 2.50; min-max: 

0-10 

 

On average, the socio-economic partner diversity measured as a complex variable and used in the 

model estimation, reaches the value of 0.35 with a maximum of 0.9 (Table 1). This tends to be 

somewhat low which is also witnessed when simply counting the number of different partners per 

spin-off, with most of them (60%) having not more than one or two different partners (Table 2). 

However, one third (33%) employs three to five different partners indicating a potentially important  

mediator role. 
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Table 2 Number of different socio-economic partners per spin-off 

Number of partner types Frequency Percentage 

  1   7   6 

  2  63  60 

  3  24  23 

  4/5  11  10 

Total 105 100 

 

At the aggregate level we observe a dual orientation in partner types, where large firms are mentioned 

most often, at 33 per cent while universities (professors) are mentioned at 29 per cent (Table 3). 

Government policy-makers and family and friends are the least important knowledge partners, at less 

than 10 per cent. Involvement of large firms may point to their acting as launching customer, as a 

partner in co-development/testing and as a channel to sales organization in global markets. 

Involvement of the government at a high level, may include regulatory issues, like responding to 

certification requirements, but also the organization of pilots and niches in which policy makers are 

partners in learning and experiments.  

In line with this perspective and on the individual level of spin-offs (Table 4), having both large firms 

and higher level policy-makers in the network (26 per cent of the spin-offs) may point to a potentially 

important mediator role, not only transforming the knowledge, but also affecting different partners and 

ways they deal with each other. A large group of spin-offs, however, connect only between their 

mother organization and a large firm, at 45 per cent,  pointing to a somewhat one-sided mediator 

role. 

Table 3. Partner types connected in networks (aggregate level) 

Partner types Frequency Percentage 

Large firm 122 33 

University (professor) 109 29 

Small business 63 17 

Government (higher level official) 28 8 

Family or friend 27 7 

Others (e.g. financial investor) 24 6 

Total knowledge partners mentioned 373 100 

Source: Adapted from Taheri (2013) 

 

Table 4. Combinations of partner types per spin-off 

Combinations of partner types  Frequency Percentage 

University + Large firm  47  45 

Large firm + Government  17  16 

University + Government  17  16 

University + Large firm + Government  11  10 

Single partner or merely similar partners  13  12 

Totals 105 100 

 

We now move briefly to a related aspect of the mediator role, namely inserting strangers (outsiders) in 

the network. For spin-offs, introducing strangers into their learning networks seems an important step 
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in professionalizing, moving away from relational embeddedness (friends and previous colleagues). 

Professionalizing the networks in this sense does not only mean achieving access to new expertise and 

in a ‗transaction cost mode‘, but also taking the opportunity of higher levels of learning and affecting 

the networks and partners involved. 

More than half of the spin-offs have no or just one stranger inserted in their network (52 per cent) 

(Table 5). Remarkably, given the limit of max. five important relations in the core network, a quarter 

of the spin-offs (26 per cent) employs networks with four or five strangers whereas more than one 

third of the spin-offs (36 per cent) employs networks including a majority of strangers. The 

professionalization apparent in the second group (more than half strangers) tends to be, understandably, 

a matter of age. In a preliminary analysis, we find a significant positive influence, particularly when 

distinguishing between four/five strangers in the network and networks with fewer strangers. 

Table 5. Strangers connected in individual networks 

Number of stranger relationships Frequency Percentage 

No stranger relationships 32 30 

1 stranger 23 22 

2 strangers 12 11 

3 strangers 11 10 

4 and 5 strangers 27 26 

Total number of spin-offs 105 100 

 

And finally, we explore whether being more diversity in the network also means having more 

strangers herein (Table 6). There is a statically significant relationship between the number of different 

partner types and the number of stranger ties, at a level of  p=0.000. When spin-offs employ one or two 

different types of partners, they face the largest chance to have no strangers in their network. When the 

number of different partner types is larger than three, then they have the largest chance to connect 

strangers among each other.  

Table 6 Relation between partner diversity and partners as strangers/outsiders 

Diversity as 

no. different 

partner types 

No. Stranger relationships Total 

0 1 2/3 4 

1 6 1 0 0 7 

2 20 19 15 9 63 

3 5 2 6 11 24 

4/5 1 1 2 7 11 

Total 32 23 23 27 105 

Pearson chi2(16) =  31.1540   P= 0.000 

The above trends can be summarized as follows. The point of departure of the analysis was that a 

relatively high partner diversity enhances the acting of spin-off firms as mediators in exploration 

processes. Socio-economic partner diversity tends to be somewhat low, however, one third of the 

spin-offs (33 per cent) employs three to five different partners and an almost similar amount connects 

with large firms as well as governments (outside the university as mother organization), which can be 

seen as bringing about a larger potential for diversified learning by spin-offs in a mediator role. What 
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adds to this is the trend that a good one third of the spin-offs (36 per cent) have inserted a majority of 

strangers, not knowing each other, in their network, thereby potentially increasing richness in learning 

and extending the impact across the networks. And inserting more strangers tends to go hand-in-hand 

with employing a larger diversity in partners.   

4.2 Factors enhancing partner diversity  

We now explore partner diversity in the networks of the spin-offs at a more abstract level, using two 

models and stepwise regression analysis. The first model includes all independent variables given in 

the model, firm capability factors and entrepreneurial orientation, as well as control factors. All these 

variables produce an R
2
 of 0.49 in a significant model (Table 7). After excluding four variables, the 

optimal model in the next step (Model 2) is slightly stronger, witness R
2
  of 0.53 while the trends are 

the same.  

With regard to the control variables, the following becomes clear. The city-region variable produces 

significant results, in that spin-offs in Trondheim that are involved more in oil/gas and related 

maritime activities tend to have more diverse partners in their relations, like oil companies, 

(semi-public) venture funds, instrumentation manufacturers, aside from the university.  In addition, 

firm size in terms of employees has a positive influence on diversity, indicating a larger capacity to 

establish and manage the diversity.  

In terms of capability factors, we observe the following trends. First, a negative sign of the 

beta-coefficient for size of the founding team. Apparently, with more founders the need to access 

different external partners tends to decline because the knowledge covering different areas can be 

developed internally. A second trend is a positive influence of pre-start experience as number of 

experience domains. Apparently, a greater experience of founders in different areas stimulates a larger  

diversity in partners. The same holds for multidisciplinary education, as assumed, while participation 

in training is not a part of the optimal models, with the same being true for education level. A third 

trend is a positive influence of entrepreneurial orientation in terms of strong innovation goals, as 

indicated by science-based innovation activity (a positive sign and ‗almost‘ significant),  and 

innovativeness strategy in terms of being a first mover or close to that. High diversity in core networks 

of young spin-offs can be illustrated with biotechnology firms active in science in partially global 

networks, including large pharmaceutical companies, financial investors, universities and medical 

schools, smaller firms producing substances or supporting the up-scaling of processes, etc.  

 Table 7. Stepwise regression analysis of partner diversity 

 Model 1 

Full model 

Model 2 

Optimal model 

 (s.e.) (s.e.) 

Control variables   

City region (Trondheim=1) 0.33 (0.17)* 0.37 (0.16)** 

Competition (market) 0.10 (0.17) - 

Firm size  (at time of survey)(fte) 0.72 (0.11)*** 0.81 (0.11)*** 

Capability factors (founding team)   
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Size of founding team -0.64 (0.24)*** -0.45 (0.22)** 

Pre-start experience (domains) 0.19 (0.10)** 0.20 (0.08)** 

Education level 0.01 (0.14) - 

Multidisciplinary education 0.43 (0.18)** 0.30 (0.18)* 

Participation in training 0.45 (0.36) - 

Entrepreneurial orientation   

Initial growth strategy 0.04 (0.09) - 

Innovation activity  type (science-based=1) 0.30 (0.21) 0.30 (0.21) 

Level of innovativeness 0.21 (0.11)* 0.21 (0.09)** 

   

N 105 105 

F 7.99*** 15.35*** 

R2 0.49 0.53 

Root MSE 0.76 0.71 

* p<0.1; ** p<0.05; *** p<0.01 

Source: Adapted from Taheri (2013) 

 

Based on the previous analysis, we may conclude that an important driver of partner diversity in 

networks is the level of innovativeness aimed at by spin-off firms, and this is facilitated by richness in 

experience of the spin-offs, i.e. pre-start working experience (knowledge domains) and 

multidisciplinary education. Accordingly, these factors tend to enhance the role of spin-offs as 

mediators, which also holds true for size of the spin-offs after some years of existence. Size of the 

founding team at start, however, tends to negatively influence network diversity and concomitant 

mediator activity. This results may be understand in the sense that these spin-offs are less outward 

oriented because they tend to have more internal resources on which they can rely. 

4.3 Case studies  

The two case studies are selected in such a way that they illustrate high diversity as shaped in the 

networks under the influence of entrepreneurial orientation and capability factors. Aside from partner 

diversity and its ‗drivers‘, we also attempt to identify to what extent and how the spin-offs act as 

mediators.  

Spin-off A (established in 2005 - Delft University of Technology) 

This spin-off firm built a highly diverse network thereby actually connecting a set of important 

Triple/Quadruple Helix players. The spin-off‘s key activity was developing an improved charging 

system for electric vehicles (EVs) (hardware and software) that shortens the charging time of the 

batteries significantly without damaging the battery. Accordingly the equipment substantially increases 

the user value of EVs. As a result of mediator, interaction between the partners took place in several 

pilot studies with active involvement of them, namely at the national Airport Amsterdam and in 

selected cities. The networks since 2006 included five different partner types: car manufacturer, 

electricity providing company, battery manufacturer, airport and municipal authority (pilot testing 

grounds and learning niches), and a multinational energy/electrical installations company as a potential 

customer. The university seems missing as an important partner. Part of the partners did not know each 
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other before. The spin-off also participated in nationally subsidized automotive research and more 

importantly it received high-esteem funding from a Taiwanese manufacturing company and a venture 

capital firm in Canada (Vancouver), thereby increasing its international credibility. Accordingly, the 

mediator role was not only meant for learning about the practical application in protected niches based 

on broad actor involvement, but also in creating a network for financing market introduction and 

global growth of the charging equipment. 

What we observe in terms of factors shaping a highly diversified network as a basis for a strong 

mediator role is the following. With regard to capability factors, pre-start experience was present in 

the founding team (earlier start-up) and this was also true for multidisciplinary education, i.e. electrical 

energy studies and industrial design. Probably, more important but not visible in our model estimation, 

was the attraction of an experienced CEO from outside (in 2009) which gave an additional boost to 

networking. With regard to the entrepreneurial orientation, this was clearly dominated by being first 

mover with a major improvement and by the wish to become a global actor.  In order to reach that 

aim in terms of capital needs, the choice in 2012 turned out to be between listing on the Stock 

Exchange or being taken over by a large party. In 2012, the firm – with a total workforce of 80 people 

- joined its former multinational collaborator, for reasons of accelerating the process of scaling-up 

production and achieving complementary assets and finance mainly to facilitate global market entry. 

However, it seems that in the recent past of this spin-off firm many opportunities for collective 

learning and action have been created, in pilot studies and niche testing and experiments, but also in 

organizing rounds of venture capital investment from the sector.  

Spin-off B (established in 2006, Delft University of Technology)  

This spin-off developed and already introduced its highly innovative product to the global market, 

namely, laser-based retinal imaging equipment for eye-care. The innovative element includes the 

patient-friendly measurement (no eye drops required) and the ease of mobile use, which makes it 

attractive for eye-care in rural areas in developing countries.  Like the previous spin-off, it 

established a highly diverse network, including venture capitalists (partly from abroad), medical 

hospitals for research and testing, a large Dutch MNC, and more recently a Japanese MNC (sales). 

Though testing is included, there was no protective niche involved, most probably meaning that most 

partners were not actively linked to each other outside the spin-off and the mediator role was 

somewhat less strong compared to the previous case.   

With regard to conditions for shaping a highly diversified network, we observe the situation of a single 

founder with pre-start experience in a manufacturing and in a consultancy firm, both situations tend to 

be positive for developing a diversified network. And again, though it has remained outside our model 

analysis,  the attraction of an experienced CEO (2010) from outside has boosted the spin-off, most 

probably because the attraction of venture capital was connected with the appointment. In addition, the 

entrepreneurial orientation was aimed at a highly innovative level in eye diagnostics which also tended 

to enhance diversified networks. This spin-off, although rolling out its sales organization, has 
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remained independent so-far. This means that additional investment capital is needed and most 

recently negotiated with a public investment organization in the Netherlands. Accordingly, the spin-off 

seems today active in learning with supporting actors in sales and in gaining investment capital, 

thereby affecting the networks and network partners involved.  

5. Conclusion  

Transfer of knowledge and bridging academic and business worlds is increasingly seen as more than 

merely moving and transforming new knowledge, it is also regarded as transforming the networks and 

partners involved in processes that can be captured through the concept of ‗exploration‘ dominated by 

uncertainty and learning and experimentation in collective action.  In these processes, spin-off firms 

may act to a certain extent as mediators and diversity in partners involved is seen as an enhancing 

factor of this role, but understanding of diversity and its impact is limited (Howells, 2006; Doganova, 

2013). In this context, the paper has addressed the following question: What is the level of diversity in 

partner types in spin-off networks and to what extent are spin-offs faced with high potentials for a role 

in Triple/Quadruple Helix intermediation as mediator? And, which factors enhance the shaping of high 

partner diversity serving this role? 

We used a database of 105 young university spin-off firms and measured the socio-economic networks 

as core networks, not exceeding five partners. Partner diversity tended to be somewhat low, however, 

one-third of the spin-offs employed three to five different partners and an almost similar amount 

connected with large firms as well as governments (outside the university as mother organization), 

which can be seen as owning a relatively large potential of the spin-offs in a mediator role. In addition, 

a good one-third of the spin-offs tended to insert a majority of strangers (outsiders) in their network, 

thereby potentially increasing richness in learning and extending the impact across the networks. 

Overall, the results indicate that the role of mediator could be well performed among approximately 

one-third of the spin-off firms. As a next step, we explored differences in partner diversity and found 

the level of innovativeness to be an important driver, with richness in experience of the founding team, 

derived from pre-start working experience (domains) and multidisciplinary education, as an important 

enabling factor. However, a blocking factor to establishing a diverse network tended to be the size of 

the founding team which could be understood as being associated with spin-offs owning relatively 

strong internal resources making networks somewhat redundant. 

As collective learning and modification of actor networks tend to be important for a quicker   

adoption of particular new technologies, e.g. eco-innovation and medical innovations, the results 

gained in this study have some policy relevance. The results give some clear indications on influences 

on partner diversity and how this diversity can be increased mainly with regard to capability factors. 

Advice could be provided to managers of incubators and early entrepreneurs themselves with the 

following practical lines: avoid composing a large founding team, but include members that own 

pre-start experience as well as members of different disciplinary background. However, there is a 
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danger of creating too diverse teams, meaning that an optimum needs to be found, which so-far is 

badly known (van Geenhuizen and Ye, 2014). 

This study also has some limitations, which can be addressed in future research. Firstly, the 

generalizability of the results is somewhat limited, due to specificities of the regions involved, with a 

relatively strong presence of energy and maritime activities, and coastal civil works, and due to the 

specific innovation profile of the Netherlands and Norway, limiting the generalizability to technical 

universities in coastal Northwest Europe. Secondly, due to the relatively small sample size, influences 

on partner diversity were explored by looking at a limited number of factors. Increasing the model 

parameters could further improve the results, for example, with an indicator that measures 

communication and negotiation abilities. Thirdly, and most importantly, direct measurement of the 

mediator role could take place, in-stead of measuring one of the requirements. This would include 

picturing the mediator activity itself and the precise actions of the spin-off firm, finding valid 

indicators for structures and processes of collective learning and change processing in science and 

industry, like already suggested some years ago for biotechnology (Shan et al., 1994; Rothaermel, 

2001). Measuring activities and impacts of any intermediary, however, remains a challenge. There are 

relatively few systematic studies of how intermediaries work, and the main cause for this seems that 

many intermediaries work mainly indirectly (Howells, 2006; Sapsed et al., 2007; Suvinen et al., 2007). 

And finally, cross-sectional data were used, which means that changes in partner diversity over time 

were beyond the scope of the analysis. Future research could use longitudinal data to gain a better 

insight into the temporal dimension of diversity, and of the rise of non-linear trends, e.g. associated 

with professionalization of the founding team, in which the role of mediator may change. 
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1. Introduction 

Triple Helix theory, put forward by Etzkowitz and Leydesdorff in the mid-1990s (Leydesdorff, 

Etzkowitz, 1995, 1996), is a major development for innovation theory and has a great significance on 

the technological innovation and scientific progress (Alain-Marc Rieu, 2014; Ye Ying, et al.2014). It 

also makes up for the deficiencies of traditional collaboration theory of industry-university-research 

from the theoretical foundation, innovation subjects, cooperation models and innovation 

mechanisms(Zhang Xiuping, et al. 2013;Zou Bo, et al.,2013;Kang Jian, et al. 2014).Triple Helix 

theory, widely used in innovation studies, explains the interaction force of 

university-industry-government and the mechanism of regional innovation (Etzkowitz, 2003;Zhou 

Chunyan, et al.2011; Leydesdorff, Martin Meyer, 2010). Its dynamic characteristics are the 

longitudinal evolution and lateral cycle (Zhou Chunyan, Etzkowitz, 2008). Longitudinal evolution 

means that Triple Helix constantly improve their organizational structure and promote their own 

development; lateral cycle refers to the flow or transfer of personnel, information and products among 

university, industry and government (Zhou Chunyan, Etzkowitz,2008;Etzkowitz, Zhou 

Chunyan,2007). The nature of Triple Helix is to create an innovation environment which is conducive 

to knowledge production and transformation in science and technology (Shinn, 2002) through the 

interaction of university, industry and government (Etzkowiz, 2005). And innovative activities take 

place in the Knowledge, Consensus and Innovation Spaces (Etzkowiz, et al. 2009; Zhou Chunyan, 

2006), to promote the sustainable growth of regional economy. 

Triple Helix theory reveals that regions keep constant learning and change from unbalance to 

balance and then to new unbalance by the synergistic interaction of university-industry- government. 

But, here is a question, whether there is such a Triple Helix structure within university, industry and 

government remains unknown. If there is, what is the dynamic mechanism of their interior? How can 

such a structure be specified? This paper presents that, there must exist a Triple Helix structure in their 

interior along with the external interaction. As soon as the organization has set a new goal, the gap 

between the current state and the new goal forms an unbalanced system. Along with the knowledge 

capital (Stewart, 1994) accumulation and innovation, the unbalance is constantly eliminated, once the 

organization achieves this goal, the unbalance is totally eliminated, and knowledge capital 

accumulation has stopped completely. In order to achieve sustainable development, the organization 

has to timely set new goal and construct a new unbalanced system to start the new developing stage. 

Therefore, organizational development is a dynamic process of organizational learning, in which the 

organization continues to acquire, create, transfer and accumulate knowledge capital, while constantly 

revising its behaviors to adapt to the new environment. The constant rethinking, recall and behavior 

correction of organization presents a spiral rising feature, and the process is not an instantaneous act, 

but contains knowledge learning, innovation and a series of decisions (Wu Cisheng, Zhao Shuming, 

2005). In the spiral rising, Goals, Processes and Results of organizational development become three 

mutual connection and interaction elements. 

http://onlinelibrary.wiley.com/doi/10.1002/asi.22931/full
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2. The introduction of Triple Helix of Goal-Process-Result (G-P-R) relations 

2.1 The definition of three elements of the Triple Helix of G-P-R relations 

Definition 1: Suppose that Goals, Processes and Results in organizational development are three 

mutual connection and interaction elements, where G is the goals of organizational development, P is 

the processes of organizational development, which include many resources input and indirect output, 

R is the results of the various stages in organizational development, i.e. final output. 

Definition 2: Suppose G, P and R, are respectively goal set, process set and result set, and their general 

forms are shown in expression (2-1): 

 

As shown in expression (2-1), g1, g2, g3...., p1, p2, p3..., r1, r2, r3... are respectively goals, processes 

and results of different stages in organizational development. Goal reflects organizational shared 

vision and strategic mission and plays a leading role in the input-output process. It is not only the basis 

for the amount of organizational resources input, but also used to be compared with the output of some 

certain period to evaluate the completion degree of the goal. Process reflects a series of business and 

management activities of the organization. It is also an input process of various production factors in 

order to achieve organizational goals, and a process of the interaction of various production factors, 

here mainly referring to physical capital and knowledge capital. Result is the final output, including 

many indicators, such as the stock of knowledge capital, the growth rate of revenues, the number of 

customers and total profit etc. 

Assuming that the amount of physical capital (hardware capacity) is fixed in a given input period of 

organizational development, then the main driving force of organizational development depends on 

the degree of knowledge capital accumulation. The Triple Helix of G-P-R relations can be expressed 

as the dynamic relationship between input and output of various organizational factors with the 

constraint 

of goal set. The function expression can be written as follows: 

-2) 

Here, R is the results of the various stages in organizational development; P is the processes of the 

interaction of various factors in organizational development; K is physical capital of a certain period; 

Kk is the knowledge capital, and Kk = {Kh, Ks, Kr}. Kh, Ks, Kr are respectively human capital, 

structural capital and relational capital. 

Take the enterprise as an example, human capital mainly includes employees‘ knowledge, skills and 

thoughts, etc.; structural capital refers to organizational structure, institutional culture and norms of the 

enterprise; relational capital mainly refers to the marketing channel, customer loyalty, brand and 

corporate reputation etc. Through organizational learning, enterprises continue to absorb, create and 
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apply knowledge to promote continuous increase of organizational knowledge capital and marginal 

revenue. 

The concept model of Triple Helix of G-P-R relations is shown in Figure 2-1: 

 

2.2 The dynamic characteristics and value of the Triple Helix of G-P-R relations 

The dynamic characteristics of the Triple Helix of G-P-R relations also include longitudinal evolution 

and lateral cycle, but there are some differences between the Triple Helix of G-P-R relations and the 

Triple Helix of university–industry–government relations. For the former, there only exists lateral 

cycle among spirals and the longitudinal evolution is that Goal, Process and Result advance side by 

side to jointly promote organizational evolution. For the latter, there simultaneously exist macro and 

micro lateral cycle (macro cycle takes place among university–industry–government and micro cycle 

takes place in their interior) and the longitudinal evolution is that university, industry and government 

constantly improve themselves to promote their own development. Lateral cycle of the Triple Helix of 

G-P-R relations is specifically shown in Figure 2-2: 

Goal: During the organizational development, organizational members will constantly adjust the goals 

according to the organizational operation and the change of external environment to make sure that the 

goals can not only better guide the development of organization itself, but also can better reflect the 

needs of the outside world. So organizations can sustain their long-term competitiveness. 

Process: The process means, under the guidance of goals, organizational members will find potential  

problems within organization or opportunities in the external environment through observation, and 

with the organizational resources and their previous experiences , they can create new knowledge and 

make the new knowledge spread in various departments. Then new or revised operating procedures 

and management methods are designed through mutual communication or team think. Suppose a(t) 

and b(t) respectively represent the knowledge level of organizational members, and d=a(t)-b(t)>0,d is 

the gap of knowledge level. Adopting Veblen and Gerashchenko‘s viewpoint ―technological progress 

is the increasing function of technological gap in technology diffusion‖, this paper proposes that 

organizational development is the increasing function 

of gap of knowledge level in knowledge diffusion which can be expressed as dR/dt=F [a(t)-b(t)], and 

R is the results of the various stages in organizational development, i.e. the level of outputs. During 

the process of knowledge diffusion, members whose knowledge level is a(t) and members whose 
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knowledge level is b(t) share their knowledge through team learning, and the overall knowledge level 

is improved, thus stock of organizational knowledge capital increases. Therefore, organizational 

development is a process of organizational learning and knowledge capital accumulation. 

 

Result: On the basis of the generalization of new knowledge, organizational members summarize 

learning outcomes of individuals and teams and raise them to the organizational level, and then these 

learning outcomes are brought in the shared knowledge base and internalized into exclusive 

knowledge of the organization. Not only the organizational members enrich their own knowledge and 

carry out internal and external activities in a better way, but also the structure, rules, procedures, and 

institution of the organization will be improved. Afterwards, organizational members point out the 

excellences and deficiencies of this cycle and make timely feedback to assist the decision making and 

learning of the next cycle. In such a continuous cycle, organization continues to accumulate 

knowledge capital, therefore, organizational behavior become more and more perfect. 

Just as PDCA cycle, lateral cycle of the Triple Helix of G-P-R relations goes round and round. With 

each one cycle, organizational members will master some new knowledge and solve some problems 

within the organization. But there may be still some problems not solved, or some new problems 

found, which requires new learning goals to continue the next cycle. 

Figure 2-3 is the longitudinal spiral rising process of the Triple Helix of G-P-R relations. It reflects the 

organizational knowledge capital accumulation and organizational evolution with the Triple Helix of 

G-P-R relations. When the spirals raise a certain level, the whole system will be elevated to a higher 

level, and the stock of organizational knowledge capital will increase, organizational management 

level will also be improved, and the organization can start the next cycle from a higher starting point. 

Double arrows in the Figure 2-3 indicate that the cycles of Goal - Process - Result can not only 

generate new knowledge, but also can help organizational members use the existing knowledge to 
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assist the decision-making and learning of this stage. Through the collaborative mechanism of Goal - 

Process - Result, the Triple Helix of G-P-R relations promotes the accumulation of knowledge capital 

to improve organizational operation mode and enhance organizational performance. 

 

In the interaction mechanism of Goal- Process-Result, Goal plays a leading role and indicates the 

direction of organizational development; Process ensures the resources input and implementation of a 

series of management and learning actions; Result reflects the effectiveness of the whole cycle and 

provides experiences for the next cycle. The interaction mechanism of the Triple Helix of G-P-R 

relations produces continuous force for organizational innovation, and enables the organization to 

continuously accumulate knowledge capital preparing for its evolution. 
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Triple Helix of university–industry–government relations consists of three interacting subsystems. 

And the synergetic interaction of the three promotes regional innovation and economic development. 

At the same time, three subsystems can learn from each other during the process of their interaction, 

and conduct self-transformation to strengthen their internal dynamics mechanism in their own way. 

The Triple Helix of G-P-R relations reveal the mechanism of promoting organizational development 

(including universities, industry and government) from the micro level. The combination of the two 

models forms a double Triple Helix structure, specifically shown in Figure 2-4. The operation of 

external Triple Helix promotes regional innovation, the operation of internal Triple Helix promotes 

organizational innovation, and the collaborative work and close coordination of the two can better play 

the role of the Triple Helix. 

3. Cumulative effect of knowledge capital based on the Triple Helix of G-P-R relations 

In the process of resources input and organizational learning, organization continues to accumulate 

knowledge capital, and evolves to the higher stage. As the organization enters a new stage, a 

qualitative change will occur in the regulations, leadership, organizational structure and operating 

mechanism. At this time, organizational members face a new environment, and need time to adapt to it, 

and there are a lot of problems needing to be solved, like a start-up firm which is struggling. Therefore, 

there are so many barriers to organizational learning that the speed of knowledge capital accumulation 

is slow. Along with organizational members gradually adapting to organizational operation mode of 
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the stage, organizational learning goes on more and more smoothly, and the accumulation of 

knowledge capital accelerates. When the stock of organizational  knowledge capital reaches a certain 

amount, the problems within the organization become fewer and fewer, and the organization itself also 

becomes more and more perfect, then the speed of knowledge capital accumulation will slow down, 

and finally tends to be stable, afterwards the organization is ready to enter a higher stage. 

3.1 Logistic growth model of knowledge capital accumulation 

Assumptions: 

(1) See the accumulation of organizational knowledge capital as a continuous change process, and 

the continuous differentiable function of time Kk(t) is used to describe the process. And the initial 

time t0 = 0, when the stock of organizational knowledge capital is M0. 

(2) During the evolution of organization, only the stock of knowledge capital reaches certain value 

can it evolve to the next stage. The maximum value of the logistic growth function will vary with 

different  development  stages.   Here,   the   maximum   value   of   knowledge   

capital accumulation is expressed as M. 

(3) a is the stock coefficient of organizational knowledge capital, which is relevant to organizational 

surroundings, communication channels and methods among organizational members and 

organizational management level and so on. The more conducive the above factors is to organizational 

learning, the greater the value of a is. 

Then, the logistic growth function of knowledge capital accumulation can be expressed as: 

 

Solving these equations, we can attain the expression of organizational knowledge capital stock: 

 

It is a S-curve which is continuous, monotone increasing and takes the single parameter M as the 

upper asymptote. The initial condition M>Kk(t) shows dKk(t)/dt>0,that is to say the knowledge 

capital has been on the increase. The second-order derivative of Kk(t) is shown in the expression 

(3-5): 
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According to the derivatives of the function Kk(t),we can draw the conclusion that  the process of 

knowledge capital accumulation includes four periods (shown in Table 3-1). 

 

From the above analysis and Table 3-1, it can be seen that nearly 80% of organizational knowledge 

capital come into being during the period of 0~t2.Therefore, we should allocate a lot of human and 

materials to the period of 0~t2, which can improve the efficiency of knowledge capital accumulation. 

According to the positive and negative sign of the first-order and second-order derivative of the 

function Kk(t) and above analysis, the growth curve of Kk(t) is drawn as Figure 3-1:

 

3.2 Analysis of cumulative effect of knowledge capital 
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The specific process of knowledge capital accumulation in the given stage of organizational 

development: when the organization has just evolved to a new stage, the organizational members may 

feel confused to a lot of things, so the speed of knowledge capital accumulation is very slow. However, 

under the guidance of the goals, the organizational members can start a new learning process smoothly, 

during which the organization establishes multi-layer learning mechanism (individual learning 

innovation mechanism, team learning innovation mechanism, knowledge base of organizational 

learning etc.) and multi-feedback system, in other words, through institutionalized communication 

system, organizational members conduct knowledge communication dynamically and in every 

direction, and control the process of discovering, identifying and accumulating knowledge. Thus, 

communication opportunities among organizational members increase, teamwork awareness is also 

enhanced, and new, forward-looking and open way of thinking is formed (human capital increases). 

With organizational learning, the organizational members continue to overcome barriers to learning, 

and constantly improve their abilities to solve problems (human capital increases), thus organizational 

knowledge capital accumulation speeds up, to prepare for another organizational evolution. Results 

will enable members to achieve self-transcendence, change their mental models and correct their 

previous impolitic behaviors, eventually through the changes of organizational members‘ behaviors to 

promote the changes of organizational behaviors and make organization evolve to a higher 

level(structural capital increases).With human capital and structural capital increasing, the stock of 

organizational knowledge capital reaches the required value of the next stage, and the speed of 

organizational learning slows down, finally tends to be stable, then organizational members should 

conscientiously sum up the outcomes of previous studies, make them internalized into organizational 

exclusive knowledge and stored in organizational knowledge base. At this time, the organization is at 

the critical moment from quantitative change to qualitative change, and then is ready to evolve to a 

higher stage. 

Figure 3-1 is just the accumulation of knowledge capital in some given stage of organizational 

development, which does not mean the accumulation of organizational knowledge capital has ended, 

but after the completion of organizational knowledge capital accumulation in this stage, the 

organization will enter a higher stage, and start another round of knowledge capital accumulation. 

Knowledge capital accumulation of each stage is a logistic growth process, but the shapes of the 

curves are different. Furthermore, the higher the stage of organizational development is, the higher 

cumulative efficiency of knowledge capital is, which in turn can better promote the development of 

the organization. Through this positive interaction process, the organization can achieve constant 

innovation and reform, and achieve long-term survival in the fierce market competition. 

The Triple Helix model of G-P-R relations promotes restless self-renewal of knowledge capital, but it 

is not a simple repetition cycle. Each time the cycle goes, the organizational knowledge capital will 

expand its quality and quantity, and innovation cycle of a low level produces knowledge of a high 

level, thus completing the upgrade of the level of knowledge capital. In the dynamic cycle of 
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knowledge capital innovation, not only the organization creates new knowledge, but also new 

knowledge will constantly expand longitudinally and horizontally on the basis of existing knowledge. 

4 . Conclusions 

The collaborative work of government, industry and university is an important factor for promoting 

knowledge production and transformation. During the process of transforming knowledge into 

productivity, the interaction of the three promotes innovation spiral rising. And the collaboration of 

Goal, Process and Result promotes accumulation of organizational knowledge capital and 

organizational sustainable development. The main conclusions of this paper are as follows: 

(1) This paper builds the Triple Helix of G-P-R relations, provides the definition of three elements of 

the Triple Helix of G-P-R relations and explains the role and value of the three elements. 

(2) Logistic growth function is constructed to describe the accumulation of organizational knowledge 

capital and the required conditions of organizational development. The logistic growth curve of 

organizational knowledge capital accumulation will vary with different stages of organizational 

development. Therefore, knowledge capital accumulation curve is composed by several S-curves 

whose shapes are slightly different. From the curve, we can see the required value of knowledge 

capital for organizational evolution. 

To some extent, this study broadens research field of Triple Helix theory, explains the interaction 

mechanism of the Triple Helix of G-P-R relations from micro-level and promotes crossover study of 

the Triple Helix theory and organizational learning theory. The next step is intended to quantify 

logistic growth model of accumulation of knowledge capital and use specific data for example analysis 

to verify that the model is scientific and effective. 
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THC2015_NO.006 

ECONOMIC THEORY OF RELATIVITY OR "INNOVATION SNAIL" 

 

This work appeared largely by accident. The author became a professional business angel (investor in 

small innovational companies) in 2006, and it seemed odd to him that there was no fundamental 

theory of valuation of innovative companies and their projects.Standard approaches of business 

valuation methods are reduced to three methods: 

 Asset-based business valuation methods; 

 Market-based business valuation methods (by analogy); 

 Discounted cash flow method (DCF). 

They are mostly applicable when there is a similar business which normally does not exist, because it 

is innovative. 

Wherein: 

 Powerful financial crisis in 2008-2013 identified problems with the adequacy and the 

governments‘ paying capacity. Even the ―Big Four‖ rating agencies: Pricewaterhouse Coopers, 

Deloitte, Ernst & Young and KPMG, did not foresee the approach of the global crisis. 

 The sharp decline in the capitalization of the "old" business types lead to the rethinking of 

previous valuation models. 

 The emergence of the "new" business models that has no analogues in the past requires new 

theoretical approaches - in fact, on 01/20/2014 the Facebook was worth $145B and «the Great» 

Gazprom was worth just $103B ($188B and $78B on 10/22/2014, respectively). 

 The growing influence of creative staff on competitiveness and thus the business assessment 

which requires to make estimating of the assets of this factor. 

 The flourishing business of "patent trolling", patent war and inflated capitalization of the 

companies based on their patents database. 

All these factors contributed to the search of theories which could describe the value of companies 

through a new understanding of the business processes.In economics, the theory of S-curves and 

"circular" process are widely applied. Thus, the theory of the "Triple Helix Innovation» (THI, G. 

Etzkowitz [1, 2]) was developed for consideration of the economic and cultural development of 

modern society in general and its elements separately. THI application as a manual for managing 

relationships and links between Universities, Industries and Government, which allows to develop a 

special technology for management of complex processes in these subsystems. 

Therefore, the theory of "Triple Helix" was used as the basis for the construction of "Economic theory 

of relativity." The system of spheres of economic life is called «UIG»: Universities, Industry and 

Government, and their respective functions titled «EBA»: Education, Business and Authority, was a 

detailed system of four major economic factors in three consecutive stages of substitution of the other 
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main factors followed by the principle: «Thesis-Antithesis-Synthesis». Analysis of the interaction 

between EBA areas presented by the four major factors in the economy, made it possible to construct a 

theory of the economical life cycle on the basis of 12 stages model of the development cycle - 

"Innovation Snail". 

 

 

Figure 1. «EBA» economic life spheres: Education, Business and Authority as a system of four major  

economic factors in the three phases with substitution of the other main factors, followed by the principle: 

«Thesis-Antithesis-Synthesis». 

It is interesting that the idea of periodic "circular" systems is used not only in business. So, in inorganic 

chemistry the Mendeleev periodic system was built on the basis of studying the interaction between two 

main properties of chemical elements: 

 an atomic weights (measurable for particles – analogue of the substance corpuscular 

characteristics); 

 valences (measurable for the connection material). 

In biology mutations theory is based on a tree-annular mutagenesis and gene theory, based on the DNA 

double helix, which consists of a combination of four nitrogenous bases (adenine, guanine, thymine and 

cytosine, wherein the nitrogenous base of one of the chains connected to a nitrogen is connected to other 

chains with hydrogen bonds according to the principle of complementarity: adenine binds only with 

thymine and guanine - with cytosine only). Surprisingly, in 1957 the American scientists Alex Rich, Gary 

Felsenfeld and David Davies described nucleic acid composed of three spirals [5]. In 1985-1986, Maxim 

Frank-Kamenetskii showed how a double-stranded DNA formed in the so-called H-shape made up not two 
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but three DNA strands [6]. 

As shown in the example of Industry sphere, all the circular models can be constructed based on the 

description of flow of net income (NPVi) and its components increments (CFi) [3].  

Any society has four key resources for its development: 

1. Human resources as the productive force (HR); 

2. Technology as sets of skills and practices that have been recorded and are repeatable; 

3. Capital as the funds accumulated as a result of exploitation of factors 1 and 2; 

4. People as the consumer society forming market demand for the goods/service for final 

consumption, information and knowledge produced by factors 1-3 (CS). 

For example, a major resource for HR - step «Thesis» is the ―Birth of ideas‖; at the stage of «Antithesis» is 

the discussion about them, the so-called "Reflection of ideas"; at the stage of «Synthesis» it is passed 

through the discussion of the ideas embodied in the design specification. 

Similarly, the process of change can be built for the other three main resources (Fig. 3). 

These resources constantly interact during the whole life cycle of business, and one of the resources is 

dominant at a given point of the cycle, with the rest resources being only secondary, and changes 

occur according to a three-step algorithm: thesis – antithesis - synthesis. 

This is the reason why changes in the cycle may form 12 different steps with different main 

development factors, like ancient Chinese zodiac cycle 地支: 子、丑、寅、卯、辰、巳、午、未、

申、酉、戌、亥, see Fig. 2). When linking 12 signs in three synergistically related categories can be 

divided into three main synergistically conditioned functions, with fundamentally different principles 

of development: Education, Business and Authority. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. 12 signs in ancient Chinese zodiac. 
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In the process of institutionalization of economically diverse functions, they are widely known in the 

Triple Helix areas: Education - in the University; Business - in the Industry and Authority - in the 

Government (see Figure 1). 

Aggregating three times in four successive stages, we get three "spheres" of THI - "Education-Business- 

Authority": 

• the sphere of "Education" - from 1 to 4 steps; 

• the sphere of "Business" - from 5 to 8 steps; 

• the sphere of "Authority" -  from 9 to 12 steps. 

Combination of three "spheres" with four of main resources in each where three phase changes leads to 

twelve subsystems with thirteen crisis zones, that allow to simulate the Innovative business entire life cycle 

(Fig. 3). 

 

Figure 3. Model of the innovative business lifecycle with four main resources, each of which passes 

through three-phase changes. From step 1 to 4 - "University"/"Education" sphere, from step 5 to 8 – 

"Industry"/"Business" sphere, from step 9 to 12 - "Government"/"Authority" sphere. 

A similar approach is used for three spheres: the University (where the Education is based on the Science), 

the Business (where Economics is separated from the Real Economy) and the Government (where the 

Authority is different from the Society) that allows us to simulate certain processes at different levels of 

socio-economic formations in society. It gives the opportunity to predict critical periods in the systems, 

which allows to propose specific measures to reduce losses during the crisis. 

The process of economic calculations is based on the modified method of DCF (Discounted Cash Flow), 
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which is advanced in stages from birth of the idea to the real cash flow creation. The foundations of THI 

theory were analyzed and comparisons with other economic theory of complex evolving systems were 

made. The possibilities for the application in forecasting, business valuation and the building of strategies 

for the various UIG/EBA systems development were created. The prediction of crisis periods of complex 

evolving systems development from individual households to the global economy, as well as methods of 

reducing the costs of such crises became possible. 

Note that each of the stages has laws describes different patterns. 

For example, the basic psychophysical law, discovered by E. Weber (1834) and G. Fechner (1860), which is 

applied on the step 1: "Birth of ideas" (Fig. 1), says that the strength of feeling p is proportional to the 

logarithm of the intensity of the stimulus S, referred to a primary irritation S0: 













0
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S
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         (1) 

A similar logarithmic law, which is oriented negatively and applied on stage 7, is diametrically opposed to 

law applied on the stage 1. It is a known as Bernoulli diminishing marginal utility [7], where the marginal 

utility of wealth (capital) U (w) is put inversely proportionally to the wealth w  with the proportionality 

coefficient k, which defines a unit of utility of wealth, i.e.: 

wkwU ln)(           (2) 

However, it is logical that, as the utility decreases with time, where k <0, and (2) with k'= -k will be: 

wkwU ln)(           (3) 

If we indicate and infer patterns of development for each of the "Innovation Snail" stages graphically, we 

obtain the living systems laws matrix (Fig. 4, App.1): 
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Figure 4. Living systems laws matrix: "Innovation Snail Laws" (App.1). 

  

 

Figure 5. Age-related stage changes in higher plants (The Plant Life Cycle). 
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As seen from a comparison of Fig. 4 and Fig. 5, age-related stage changes in higher plants (The Plant Life 

Cycle) and "Innovation Snail" stages are practically the same. 

Conclusions 

Applying the identified laws of development makes it possible to achieve sustainability of the economic 

system as a whole by the means of: 

 Matching sequences of different economic models by stages as functional types; 

 Harnessing the power of self-adjustment systems through filling "Innovation Snail" matrix, such 

as missing resources from external economies included in the analysis and cluster development; 

 The use of "breakthrough innovation", the essence of which is to determine the maximum growth 

potential through the development of the "Innovation Snail" economic system of diametrically 

opposite phases; 

 Reducing costs of economic development by predicting the crisis in fundamentally different 

types; 

 Applying the methods of stimulation on the most appropriate stages as functional types of the 

economic system (sets of privileges and preferences, lot of financial, tax and other incentives). 
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Appendix 1.  

Economic Theory of Relativity Matrix (“Innovation Snail”). 

 

Table 1. "Innovation Snail" - Typology of business processes. 

Numerals designate business processes stages that have different nature. 

№ Phase Name  Phase Description Laws of the Phase Patterns Notes 

  Incoherence from => to Connections   

1 The birth of 

Ideas (Thesis) 

 

Ordering chaos, Logarithmic Law: 

Weber–Fechner law. 

Logarithmic Law: 

P=A*ln(B*t

)  

 

Zabrodin 

Law  

 

f(x, y, z) =  k   ln {
 (x, y, z)

  (x, y, z)
} 

where: 

S — value of the intensity of the stimulus; 

S0 — lower limit of the intensity of the stimulus: if 

S <S0, the stimulus is not felt. 

k - a constant depending on the subject of sensation. 

P-Adizes‘s key roles. 

The main patterns are described:  

Creative tasks solution theory (TRIZ, 

Genrich Altshuller, 1946) 

 

2 Reflection 

(Antithesis) 

 

 

Dipole Interaction: 

H-index (Hirsch‘s Citation Index). 

Hyperbole 

Law: 

P=A/(B*t) 

 

f(x, y, z) = (
  

  
+
  

  
−
  

  
) = p, 

where: 

p = +1 or -1 (depending on the reflection - "YES" 

or "NO"). 

 

I-Adizes‘s key roles. 

The main patterns are described:  

Histoire de la folie à l‘âge classique 

(Michel Foucault, 1961). 

On Principles of Classification of the 

Most Abstract Directions in 

Methodology of Structured-System 

http://en.wikipedia.org/wiki/Weber–Fechner_law
http://pubs.sciepub.com/rpbs/2/3/2/index.html
http://pubs.sciepub.com/rpbs/2/3/2/index.html
http://www.adizes.com/management_styles/
http://en.wikipedia.org/wiki/TRIZ
http://en.wikipedia.org/wiki/H-index
http://www.adizes.com/management_styles/
http://books.google.ru/books?id=TLprAAAAMAAJ&redir_esc=y
http://www.fondgp.ru/lib/int/13
http://www.fondgp.ru/lib/int/13
http://www.fondgp.ru/lib/int/13
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Research (G.P. Shchedrovitsky, 1965)  

3 Business 

concept 

(Synthesis) 

 

 

The interaction of the Three main factors. 

Supposition - Inverse Square Hyperbole 

Law: 

P =-A/(B*t
2
) 

 

 

f(x, y, z) = *(x − x )
2 + (y − y )

2 + (z − z )
2+

=  2 

A-Adizes‘s key roles. 

The main patterns are described:  

Business Model Generation (Alexander 

Osterwalder, Yves Pigneur, 2010) 

 

  Connections from => to the Complexity   

4 Prototypes 

(Thesis) 

 

 

The interaction of the Four main factors, 

Supposition - Logistic curve (P.F.Verhulst, 

1838). 

P = K*P0e
rt 

/ (K+P0(e
rt
-1) 

 

 

 

 

 

f(x, y, z) =  (
x2

 2
+
y2

 2
−
z2

 2
) =   

Cone (Triangular pyramid) along the coordinate z. 

E-Adizes‘s key roles. 

The main patterns are described:  

- The Octopus Marooned (O‘Henry, 

1919). 

- The Twelve Chairs (Ilya Ilf, Evgeny 

Petrov, 1928) 

 

5 The First 

Sales 

(Antithesis) 

 

Start-up and spin-off companies. 

―Golden 

ratio‖ Law (1 

to 6). 

Exponent 

law:  

f(x, y, z) =  (
x2

 2
+
y2

 2
−
z2

 2
) =  , 

Cone (Hexagonal pyramid) along the coordinate z. 

The main patterns are described:  

"King Arthur: Tales from the Round 

Table" (The authors of the 6
th
- 21 

centuries); 

The art of the Start (G. Kawasaki, 2004), 

The experience of competition in 

http://www.fondgp.ru/lib/int/13
http://www.adizes.com/management_styles/
http://www.businessmodelgeneration.com/book
http://www.adizes.com/management_styles/
http://www.online-literature.com/o_henry/the-gentle-grafter/1/
http://en.wikipedia.org/wiki/The_Twelve_Chairs
http://en.wikipedia.org/wiki/Golden_ratio
http://en.wikipedia.org/wiki/Golden_ratio
http://en.wikipedia.org/wiki/Bibliography_of_King_Arthur
http://en.wikipedia.org/wiki/Bibliography_of_King_Arthur
http://files.guykawasaki.com/downloads/art/Art.pdf
http://www.yudanov.ru/books/experience/


 

43 

 

P = A*e(B*t) 

 

 

Russia. The reasons for success and 

failure (A.U.Udanov, 2007) 

6 The Company 

(Synthesis) 

 

 

Organizational and legal regulation, 

Hexagonal Multi-Layered pyramid 

1/3/6/10/20... N-Level Hierarchy Law: 

P = mn * c(t)
 (N-1)

; c=1,…,6. 

 

 

 

 

 

f(x, y, z) =  (
x2

 2
+
y2

 2
−
z2

 2
) =  , 

Cone (Hexagonal Multi-Layered pyramid) along 

the coordinate z. 

The main patterns are described:  

Parkinson‘s law (C.Parkinson, 1957), 

Managing Corporate Lifecycles 

(I.Adizes, 1988), Historien om Ikea… 

(I.Kamprad, B.Torekull, 1998) 

 

  Complexity from => to the Probabilities   

 Represen-tati

on  

(Thesis) 

 

A law of diminishing marginal utility (D. 

Bernoulli, 1738, …, v. Neumann and 

O.Morgenstern, 1944). 

Representatives, Distribution, Missionary, 

MLM, Ponzi Scheme. 

Inverse Logarithmic Law: 

P = - A * ln (B*t) 

 

A Law of Hollow hierarchy: 

f(x, y, z) =
  

 
+
  

 
=  2  z, (p, q)    , 

 

Hyperboloid (as at The V. Shukov Tower) 

Diminishing marginal utility:  

Specimen theoriae novae de mensura 

sortis. Commentarii Academiae 

Scientiarum Imperialis Petropolitanae. 

(D. Bernoulli, 1738) 

Distribution:  

Hard Sell: The Evolution of a Viagra 

Salesman (Jamie Reidy, 2004), 

Missionary: The Thorn Birds 

(C.McCullough, 1977),  

MLM, Ponzi Scheme: Bernie Madoff's 

http://www.yudanov.ru/books/experience/
http://www.yudanov.ru/books/experience/
http://en.wikipedia.org/wiki/Parkinson's_law
http://www.adizes.com/store/product.php?productid=17530
http://www.ikea.com/se/sv/catalog/products/90232779/
http://www.econ.ucsb.edu/~tedb/Courses/GraduateTheoryUCSB/Bernoulli.pdf
http://press.princeton.edu/titles/7802.html
http://press.princeton.edu/titles/7802.html
http://repone.net/uncategorized/ups-downs-hyberbolic-structures-hyperbole/
http://www.econ.ucsb.edu/~tedb/Courses/GraduateTheoryUCSB/Bernoulli.pdf
http://www.econ.ucsb.edu/~tedb/Courses/GraduateTheoryUCSB/Bernoulli.pdf
http://www.econ.ucsb.edu/~tedb/Courses/GraduateTheoryUCSB/Bernoulli.pdf
http://www.amazon.com/Hard-Sell-Evolution-Viagra-Salesman/dp/0740750399
http://www.amazon.com/Hard-Sell-Evolution-Viagra-Salesman/dp/0740750399
http://www.forbes.com/2008/12/12/madoff-ponzi-hedge-pf-ii-in_rl_1212croesus_inl.html
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$50 Billion Ponzi Scheme (R.Lenzner, 

2008) 

8 Branches  

(Antithesis) 

 

 

 

 

The Lotka – Volterra equations, 

Alfred J.Lotka, 1910, Vito Volterra, 1931   

Supposition - Inverse 

Hyperbole Law: 

P = - A/(B*t). 

 

The transition from the law of Hollow hierarchy 

(the hyperboloid with the completion of "1 to 2" 

law) to the global Filled hierarchy (the pyramid 

with the "1 to 6" law): 

f(x, y, z) =
x2

p
+
y2

q
=  2  h 

Feuds management: The Barber of 

Seville, or The Futile Precaution 

(G.Rossini, C.Sterbini, 1816) 

Infrastructure: 

Empire: How Britain Made the Modern 

World (Niall Ferguson, 2003) 

Soft holding: 

Book Excerpt: The Seven-Day Weekend 

(Semco Partners, 2004). 

9 Monopoly 

(Industrial,  

Synthesis) 

 

 

Mega- Dipole, antagonism between 

companies within the same field of activity 

today - blocs of countries globally, 

Herfindahl – 

Hirschman Index: 

    =   12 +  22 + +  n2,   

Supposition - Square Hyperbole Law: 

p = A / (B*t
2
). 

Toroidal surfaces of the force field, Mega Cone- 

Global Dipole, 

f(x, y, z) =  

* (x2 + y2 + z2 + ( 2– r2)}–  4  r2  
  +   

 
 

 

The main patterns are described: 

On Competition (Michael E. Porter, 

1998), 

Gazprom and Wintershall address 

Russian natural gas supply to Europe 

(2015) 

  Probabilities from => to the Incoherence   

10 A Consumer 

Society  

Logistics as a ―reverse cone‖, "snowflake" on 

the surface of the sphere, 1 node to 6 nodes - 

"Snowflake" Distribution Law is based on 

6th-channels logistics network optimization while 

Consumer Society Strategy:  

Blue Ocean Strategy (W. Chan Kim, 

http://www.forbes.com/2008/12/12/madoff-ponzi-hedge-pf-ii-in_rl_1212croesus_inl.html
https://musopen.org/sheetmusic/1321/gioachino-antonio-rossini/the-barber-of-seville/
https://musopen.org/sheetmusic/1321/gioachino-antonio-rossini/the-barber-of-seville/
http://en.wikipedia.org/wiki/Niall_Ferguson
http://en.wikipedia.org/wiki/Niall_Ferguson
http://www.inc.com/articles/2004/03/7dayweekend.html
http://www.semco.com.br/pt/
http://en.wikipedia.org/wiki/Herfindahl_index
http://en.wikipedia.org/wiki/Herfindahl_index
http://www.amazon.com/On-Competition-Michael-E-Porter/dp/0875847951#reader_0875847951
http://www.gazprom.com/press/news/2015/march/article219199/
http://www.gazprom.com/press/news/2015/march/article219199/
http://www.blueoceanstrategy.com/
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(Post-Industri

al, Thesis) 

 

 

optimum distribution of goods to the area of 

the Earth, 

Logistic curve (P.F.Verhulst, 1838) 

P = K*P0e
rt 

/ (K+P0(e
rt
-1) 

 

 

 

 

 

maximizing the surface coverage of global markets. 2005), 

Innovative Business Paradigm (Mitsuaki 

Shimaguchi, 2006) 

Grinding it out: the making of 

McDonald's (Ray A. Kroc, 1977),  

Sam Walton: Made In America 

(Samuel Walton, John Huey, 1993) 

11 An 

Information 

Society 

(Antithesis) 

 

 

Ring systems with six lines on the cell, to the 

sphere of the Earth,  

Moore's Law: 

P = A*e
(B*t)

. 

 

"Honeycomb" Info-Distribution Law (Hexagonal 

Cells) - Most economical and effective information 

Channels Distribution. 

Information Society Strategy:  

Cramming More Components onto 

Integrated Circuits (G.Moore, 1975), 

Synergy and Information (Dynamic 

Theory of Information, Chernavsky 

D.S., 2001) 

12 A Social 

Society 

(Synthesis) 

 

Chaos - probability distribution,   The 

Noosphera (V.I.Vernadsky) -> sphere of the 

Earth, 

Supposition - Economic Theory of 

Relativity: 

P = m * c (t)
2
. 

 

"Social Network" Distribution Law - The Economic 

Theory of Relativity Law  

Social Society Strategy: 

On Science (V.I.Vernadsky, 1997) 

Mathematical Foundations of 

Synergetics: Chaos, structures, 

computing experiment (G.G.Malinetsky, 

2005) 

The Rainforest… (V.Hwang, 

http://www.ozon.ru/context/detail/id/2870966/
http://www.mcdonalds.com/us/en/our_story/our_history/the_ray_kroc_story.html
http://www.mcdonalds.com/us/en/our_story/our_history/the_ray_kroc_story.html
http://www.amazon.com/Sam-Walton-Made-In-America/dp/0553562835
http://www.cs.utexas.edu/~fussell/courses/cs352h/papers/moore.pdf
http://www.cs.utexas.edu/~fussell/courses/cs352h/papers/moore.pdf
http://books.tur-internet.ru/books/2/600067.html
http://www.studfiles.ru/preview/460835/
http://www.twirpx.com/file/220363/
http://www.twirpx.com/file/220363/
http://www.twirpx.com/file/220363/
http://www.amazon.com/The-Rainforest-Secret-Building-Silicon/dp/0615586724
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E = m * c
2
. 

 

G.Horowitt, 2012) 
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1. Introduction: 

In recent years, the topic of energy security caused by oil dependence has become an 

undeniable reality, especially, for many emerging economies due to their accelerated and 

sustained growth over decades [14]. Consequently, in addition to accommodate the interests 

of oil exporting countries in a geopolitical game increasingly complex and be affected by the 

regional tensions and conflicts, these importing countries still suffer from the oil price 

fluctuations [23]. In terms of immediate solution, many of them have opted for the alternative 

liquid fuels (ALF) that are derived from other energy sources.  

The history of ethanol fuel in Brazil dates from the 1970s. Since then, thanks to several 

sugarcane based ethanol fuel initiatives, the country has become the world's second largest 

producer and the largest exporter of ethanol. However, the development of Brazilian 

bioethanol industry has not always be a positive process and, during the recent years, the 

industry is facing its most severe crisis ever experienced. On the other side of the globe, 

another emerging economy is also experiencing such difficulties in one of its ALF industry. 

Being the largest producer of Coal-to-liquids (CTL) fuels, China has emerged as a leader in 

coal liquefaction technologies. Even though the abundant coal resources and acute concerns 

about oil security help explain China‘s strong interest in CTL, the development of this sector 

still went through several difficult periods. 

After careful analyses, it is found that neither the success and nor the dilemma of these 

relatively young industries could be understand solely as deriving from a natural comparative 

advantage or disadvantage. In order to fully understand the developmental trajectories, which 

help diffuse the ALF, this study aims to analyze and compare the main characteristics and the 

overall functioning of the two innovation systems (IS) structured around the bioethanol 

industry and CTL industry, taking into account the differences in aspects such as raw 

materials, core technologies and economic, political and cultural influences.  

In section 2 we provide a literature overview. Section 3 explains the methodology of the study. 

Section 4 provides the analytical results by mapping the main events and embedding them 

within the theoretical framework of two research tools. In section 5, we summarize the 

findings from our earlier case studies. Section 6 offers some research insights and strategy 

recommendation and section 7 concludes the study stating the limitation of this study and 

directions for further research. 

2. Innovation systems and functions of innovation systems (FIS) 

There are several definitions of IS mentioned in literature, all having the same scope and 

derived from one conceptualized by Freeman (1987): systems of innovation are networks of 
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institutions, public or private, whose activities and interactions initiate, import, modify, and 

diffuse new technologies [8]. Lundvall (1988) contributes to the definition of SI by 

emphasizing that the organization of IS is inevitably influenced by economic, political and 

cultural factors. Nelson (1994), on the other hand, emphasizes the role of the state, explaining 

that governmental activities may be required more depending on the characteristics of the 

technology. Later, Carlsson (2002) and Edquist (2001) also suggest that firms do not innovate 

alone and innovations take place during the interactions that occur between firm and non-firm 

organizations.  

In addition to the definitions of national IS by Freeman (1987) and regional IS by Cooke et al 

(1997) and Doloreux et al. (2005), Malerba (2002) was the author who introduced the concept 

of sectoral systems of innovation (SIS) in the literature, defining SIS as composed of a set of 

agents performing market and non-market interactions. In order to meet the need of specifying 

which are the components that actually take part of the SIS, Malerba (2004) divided the 

components into three blocks: 1) knowledge, learning process and technologies; 2) agents and 

social networks; 3) institutions. According to the author, this division is a necessary condition 

for the establishment of relations between the components themselves. In the description of 

Malerba, the second block includes heterogeneous agents that interact through various forms 

of market and non-market relationships. However, the author emphasizes that within a SIS, 

main actors are business agents, namely companies, because they are involved in the 

innovation, production and sales of industrial products as well as in the generation, adoption 

and use of the new technologies.  

As to system functions, according to Edquist (2005), all IS has the same general function: the 

generation, dissemination and use of innovations. Advancing this notion, Hekkert et al (2007) 

argue that the challenge of creating an understanding of the dynamics of an IS is that each 

system has its own specific functions and often, these functions occur in parallel. In addition, 

these authors also proposed a set of functions believing that the proposal of their list will be 

valuable for further empirical work about IS, and that the development of this function 

approach is a fundamental step towards making the IS analysis more dynamic and accurate. 

The table 1 demonstrates this list of the seven FIS and their corresponding indicators 

introduced by these authors. Worth noting that, as stated by the authors themselves, this is not 

a final and closed list, and should be changed according to the needs observed in the study of 

particular sectors. In addition, Hekkert e Negro (2008) also emphasize that even if, in the 

presentation of analytical results, some FIS are not present, this does not imply that it is not 

possible for some of them, in fact, has made their performances[4]. 
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Table 1 FSI and Indicators 

FIS Indicators 

Entrepreneurial activities (F1) 

Number of entrants, diversification of 

activities, launching new products, 

experiences with other products, etc. 

Knowledge development (F2) 
R&D projects, patents and investment in 

R&D activities, etc. 

Knowledge diffusion through networks 

(FIS 3) 

Workshops, conferences, exhibitions 

and specific fairs of industry or 

technology, etc. 

Guidance of the search (F4) 

Specific objectives determined by the 

government, regulation, publication of 

articles, etc. 

Market formation (F5) 

Temporary market niches, the 

implementation of favorable tax regimes 

and the definition of minimum quotas of 

consumption, etc. 

Resources mobilization (F6) 

Long-term R&D policies, university 

centers of excellence in specific topics, 

financing, and creation of infrastructure, 

etc. 

Creation of legitimacy/counteract 

resistance to change (F7) 

Lobbies of different interest groups, 

coalitions between established and 

incoming agents, etc. 

Source: self-elaboration based on the paper by Hekkert et al (2007). 

3. Methodology 

Since the IS is an ever-changing structure in which both technological and institutional 

changes take place, the present study opts for the dynamic IS approach proposed by Hekkert 

et al (2007). According to these authors, the basis of the FSI approach is the events and, in 

this case, events are what the main actors of an IS do or what happens to them. In order to 

understand what kind of FIS foster or hamper the overall performance of IS, and, thus, be able 

to intentionally shape them by means of possible policy suggestions, the main task of this 

paper is defined as mapping the events that take place within the two IS during their selected 

time span. In the Brazilian case, events that occurred between 1975 and the present are 
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recorded and in the case of China will be tracked the events that are happened from 1978 to 

the present day. 

The data collection of this research is not so much focused on following all the individual 

agents or innovation projects in the system, but on events that are reported at the system level. 

Suitable sources to collect information on the events that took place are academic papers and 

articles, published reports on the industry, newspaper archives and professional journals. We 

do not perform a statistical analysis and the quantitative data are employed to strengthen 

qualitative argument rather than present a statistically valid argument by itself. Moreover, the 

business and non-business agents, the second block of components classification by Malerba, 

are employed as a starting point in order to facilitate the identification of each FIS.  

Four historical periods are identified for each case. During the analysis of each period, 

depending on the importance that each activated FIS has over the whole performance of the 

IS, one or more main FIS are selected, and agent that activates such FIS is named as the main 

agent. It is important to emphasize that an event can contribute either positively or negatively 

to the functioning of IS. Therefore, all events are categorized as either positive (+) or negative 

(-) and, to enhance reading comprehension, along with the mapping of events, indicators will 

be marked with their corresponding FIS between parentheses. At the same time, in order to 

clarify the comparative discussions, three types of category are defined. The first is called 

positive type including periods where only positive FIS were found; the second is mixed type 

that includes periods where both positive and negative FIS are identified; the third refers to 

negative type where only negative FIS are detected. 

The final outcome of the analysis is a narrative (storyline) of how the development of the IS 

have changed over time and the role of the different FIS within this development. This 

narrative is complemented with and illustrated by table in which the events are plotted over 

time [13]. We limit ourselves to a very short stylized description of each case. For a more 

detailed description, please refer to cited articles. 

4. Results Presentation 

In this section, we provide the empirical material and analysis results based on the 

methodology. We start with the description of the three chronologic periods of Brazilian cases 

identifying the indicators of each activated FIS. Then we describe the three Chinese periods 

using the same method. At the same time, every period is defined according to the criteria of 

three different types (positive, mixed and negative). We end with the elaboration of a 

summative table (table 2) of research results that complement and illustrate the results 

narrative. 
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4.1 Brazilian Bioethanol as Fuel 

4.1.1 First Period (1975-1990) – Positive Type 

During the first period, sugar prices fell worldwide and Brazil began to suffer heavy losses in 

the payments balance due to the first international oil crisis. Moreover, the national car 

industry was growing fast and car ownership levels were rising unprecedentedly [9]. To 

sustain the domestic fuel demand, in 1974, the Department of Industrial Technology of the 

Ministry of Industry and Trade (DIT/ MIT) presented a draft of the Program of Production 

and Use of Ethanol (+F2), advocating the diversification of raw materials used for the 

production of alcohol and addressing the research about ethanol engines. At the same time, 

the federal government launched a subsidy policy that formed an advantage of the alcohol 

price over the sugar price (+F5) [4]. In 1975, the National Alcohol Program (Proálcool) was 

created (+F4), which not only increased the production of anhydrous ethanol to mix with 

gasoline, but also coordinated the production of hydrated alcohol (AEHC) for use in engines 

designed to run on pure ethanol [9]. Soon after, the DIT/MIT commissioned two studies (+F2) 

aiming to evaluate the influence of the use of gasoline-alcohol mixture anhydrous (EACA) in 

Otto cycle engines and to evaluate the use of alcohol in diesel cycle engines for stationary use 

[4]. During this time, government continued with subsidy policy through the National 

Development Bank and the Northeastern Bank of Brazil (+F5). In addition, the mixture rate of 

EACA in petrol was fixed at 20% (+F5). 

Controlled by the state and held at ATC, the R&D activities of "car on alcohol" led to the 

culmination of the Proálcool (+F2 and +F4) [4]. At the same time, the Institute of Technology 

(NIT) started to work trying to understand the mechanism of the corrosion process (+F2) [4]. 

The automotive industry also worked on developing technologies for ethanol engines (+F2). 

When the pure AEHC engine was launched, challenges were posed by car manufacturers. 

This resistance was overcame in 1979 when, under the pressure of the federal government, the 

automotive industry joined fully in the development of vehicles signing the targets production 

contracts and using AEHC as the only fuel (+F1, +F5 and +F7) [10]. At the same time, a 

network of workshops that were capable of converting gasoline vehicles in alcohol vehicle 

was built (+F7) [4]. Besides, Petrobrás formed a distribution structure, enabling the use of 

AEHC across the country (+F7) [4]. In addition, the state stimulated consumption offering tax 

incentives and required all public vehicles to be fueled by pure ethanol (+F5). Later, 

government supported the formation of the new sugarcane park through public banks loans 

(+F6). As a result, in the North-Northeast macro-regions and Central-South emerged a large 

number of independent distilleries (+F1) [4]. At the same time, the national production of 
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anhydrous alcohol grew from 220.3 thousand m
3
 of in 1975 to 28.3 million m

3
 in 1979. 

Furthermore, the production AEHC increased from 61.82 thousand m
3
 of 1 979 to 15.047 

million m
3 

in 1980 (+F1) [4]. 

4.1.2 Second Period (1991-2002) – Negative Type 

During this period, government lost its financial ability to provide price subsidies for AEHC 

(-F5). The rise of cost of alcohol price and the decrease of oil prices reduced the space 

occupied by alcohol in the fuel market (-F5). It became impossible for producers to offer 

AEHC at a competitive price or even continue operating in this market (-F1). Still, the 

increase of sugar prices encouraged many producers to shift their crops to the sugar market 

(-F1) [9]. The decree of 1991 marked the end of Proálcool and the beginning of profound 

stagnation period (-F4 and -F5). The agro-industrial park, on the other hand, decreased by 22% 

(88 units) between the harvests of 1990/91 and 2001/02 (-F1). As a result, the production of 

AEHC fell about 50% between the harvests of 1991/92 and 2001/02 (-F1). Due to this large 

decrease in domestic production, Brazil became an alcohol importer. In order to find another 

exploitable opportunity, the automotive industry has defined cars powered by gasoline as their 

new target areas, redirecting R&D activities for new models‘ development (-F1, -F2 and -F4). 

In addition, the automotive industry received fiscal support for the sales of gasoline car (-F5) 

[9]. As to R&D activities, a group of seven universities dedicated in the genetic improvement 

of sugar cane, forming the Inter-University Network for the Development of Sugarcane 

Industry (RIDESA) (+F3 and +F6) [4]. 

4.1.3 Third Period (2003-2010) – Positive Type 

  Starting in 1991, the component suppliers, Bosch, was the first to work with fuel detection 

systems, and in 1994 a prototype was approved technically (+F2). Later, the economic 

viability was solved by the Brazilian subsidiary of Magneti Morelli with a software that is 

able to adjust the engine to various conditions of utilization and fuel composition (+F2) [4]. In 

1999, government stopped regulating the price of AEHC and its relation to the oil price was 

only 46.7% (+F5). Volkswagen Brazil introduced the first flex car (FFV) of the Brazilian 

market in 2003 (+F1). Later, the dual-fuel vehicle that can run on any mixture ratio of ethanol 

or gasoline in the same tank was also launched (+F1). By establishing new supporting 

instruments, government returned to provide incentives, though much smaller than those of 

the first period (+F5). As a result, the licensing of new hybrid cars jumped from 3.7% in 2003 

to 78.1% in 2006 [4]. In addition, governments of the United States, Japan and the European 

Union increased its imports of Brazilian ethanol because of the climate change discussions 

(+F5), boosting the export volume from 516 million liters in 2001-2002, to 4.7 billion liters in 
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2008-2009 [9]. As a response, the national projects of construction and unit expansion totaled 

89 in 2006 and foreign participation in the sugarcane sector went from 1% in 2000 to 12% in 

2007/08 (+F1) [10]. At the same time, companies of equipment industry began to develop 

their own technologies of second-generation ethanol: the cellulosic ethanol (+F2) [4]. 

4.1.4 Fourth Period (2011-Present) – Mixed Type 

  In recent years, on the supply side, the government halted new investment to the sector, 

resulting in a debt difficulty of approximately US$ 30 billion (converted based on the average 

currency rate of 2012
1
) (-F6). Thus, the costs of sugarcane planting increased on a large scale 

(-F5). Consequently, farmers began to use older and less productive lands and average harvest 

decreased from 115 tons/hectare in 2008 to 68 tons in 2012 (-F1) [1]. On the demand side, 

with preferential tax rate, FFV sales increased by about 11% per year between 2008 and 2010, 

with a 43% share in the total fleet of light vehicles (+F5) [2]. However, domestic alcohol 

supply cannot keep up with the increasing demand and ethanol prices raised sharply (-F5). 

Thus, Brazil begins to import ethanol worsening more yet the country's payments balance [1]. 

In addition, the government took tight control of the gasoline price to contain the inflationary 

pressures and ethanol prices lost completely its competitiveness (-F5). [1]. Due to the 

discovery and exploitation of oil in the pre-salt, the government began to prioritize the 

production of petrol (-F,-F4 and -F6). On the other hand, government increased the ethanol to 

gasoline addition ratio to 25% and US$ 3.7 billion was designated the industry through the 

BNDES in 2010 (+F5 and +F6). Finally, in 2011, updating the technology of 

second-generation ethanol, the Joint Plan for Supporting Industrial Technological Innovation 

in the Sugar-based Energy and Chemical Sectors (PAISS) was established (+F2 and +F4), 

releasing approximately US$ 1.5 billion in pre-approved credits over four years (2012-2015) 

(+F6) and approving 39 company projects (+F1). However, these efforts were all too timid. 

Since 2007, 58 mills have been closed only in the South Central region of the country and the 

sugar and ethanol sector lost over 60,000 jobs (-F1) [20] 

4.2 Coal-to-Liquid industry in China 

4.2.1 First Period (1978-2000) – Positive Type 

After the oil crises of 1979, the central government encouraged CTL production to maintain 

its oil exporter position and increase national income (+F5). Meanwhile, the 

government-driven economic recovery raised the prospect of a large domestic oil demand 

(+F5). Facing abundant domestic coal reserves and high oil prices, in 1978, government 

started to guide the research and industrial testing activities of CTL technologies by the 

                             

1 http://economia.uol.com.br/cotacoes/cambio/dolar-comercial-estados-unidos/?historico 
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releasing the ―National Development Outline of Science and Technology during 1978-1985" 

(+F4 and +F6) [22]. Soon after, the Coal Chemistry Institute of Shanxi of the Chinese 

Academy of Sciences (SXICC/CAS) and the Coal Center Institute of the Ministry of Coal 

Industry (CCRI/MCI) classified CTL technologies as long-term research topic (+F4 and +F6). 

Research efforts of these institutes resulted in the establishment of an intellectual property 

(+FI2) [22]. At the same time, the National Development and Reform Commission (NDRC), 

the National Committee on Science and Technology (NCST) and the MCI began to support 

the direct coal liquefaction (DCL) laboratory of CCRI, which developed special catalysts to 

the DCL processes (+F2, +F4 and +F6) [22]. During 1997 and 2000, CCRI cooperated with 

Germany, Japan and the United States, performing scale-up testing for three types of Chinese 

coal (+F2, +F3 and +F4) [22]. In addition, the government channeled great support for 

synthetic oils through the ―Coal Replacing Oil Fund‖, releasing, in total, 11 billion RMB 

Yuan (about US $ 1.3 billion based on the exchange rate of 1998) to DCL plant of Shenhua 

Group (+F1 and +F6) [21]. 

4.2.2 Second Period (2001-2005)–Positive Type 

During the Tenth Five-Year Plan Period (FYP) (2001-2005), the CTL projects were classified 

as one of the 12 major national high-tech projects (+F4). In addition, clean coal technologies 

were defined as one of the key points of the national program of 863 (+F4). Projects of CCRI, 

Shenhua Group, SXICC and of Yankuang Group were approved by the 863 program and 

received government financial subsidies (+F2 and +F6) [22]. The Basic Research Project of 

Coal Liquefaction in Large Scale requested by the CCRI and University of Mining and 

Technology of China, was approved by the program 973 and gained a research appropriation 

of US$ 2.055 million (+F2, +F3 and +F6). Based on the results of feasibility studies of the 

period on the foreign devices, the central government planed that one or two demonstration 

plants with an output of at least 2.5 megatons of liquid coal by 2005 should be built through 

international cooperation (+F1, +F3, +F4 and +F5) [22]. Besides, in 2001, the ―National Plan 

of Key Projects for Energy Development‖ was launched, classifying CTL as the main 

alternative to the natural oil (+F4). In 2004, NC adopted the "National Energy Development 

Outline of medium and long term (2004-2020)", including coal chemical industry in the list of 

strategic sectors of national development (+F4) [22]. In response to national guidelines, the 

government of Shanxi Province signed an Agreement of ICL industry Development in Shanxi 

with the CAS and the province of Ningxia started the construction of the Ningdong Energy 

and Chemicals Industrial Base in 2004 (+F1 and +F5) [21]. In addition, the Yankuang Group 

achieved technological advances of the low temperature FT process obtaining an intellectual 
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property, through cooperation with the East China University of Science and Technology and 

SINOPEC. (+F1 and +F3). With a continuous and stable operation, the pilot plant of 

Yankuang Group won the approval of the NDRC [21]. Meanwhile, the Yitai Group spent 

US$ 2.179 million cooperating with the SXICC in construction of a pilot plant using the ICL 

technology (+F1, +F3 and +F6). To accelerate the steps towards the industrialization of CTL 

technologies, the NDRC signed a letter of intent of cooperation with Sasol company in 2004, 

planning to build two plants of ICL with a production capacity of 6 megatons (+F1, +F3, +F4, 

and +F5) [22]. 

4.2.3 Third Period (2006-2010)–Mixed Type 

The project construction based on technologies of Shenhua Group and CISS was officially 

started in 2005 (-F1) [21]. In 2006, Luan Group began to construct an ICL demonstration 

plant with capacity of 160 thousand tons (-F1). In the same year, the Yitai Group started to 

build its demonstration plant with the same capacity (-F1). In addition to projects in 

construction, in almost all regions with a commercial coal production, local governments and 

companies were planning to launch similar projects. Until the first half of 2006, over 30 

projects have been proposed (-F1) [24]. Along with the overly strong local governments‘ 

supports (-F4), the continued growth of international oil prices after 2000 and the rapid 

increase of oil imports contributed to the frenzy of the CTL industry. In order to deal with 

financial risks and the waste of natural resources caused by this dynamic scenario (-F1 and 

-F6), the central government changed its attitude to the CTL industry from the extreme 

enthusiasm to a conditional support (+F4). In 2006, the NDRC issued the Notice on 

Intensifying Management of CTL projects Construction, prohibiting the CTL project 

approvals with an annual production capacity below three megatons. Also according to the 

announcement, before the release of a new development plan, all analyzes and authorizations 

of new CTL projects should be suspended (+F4) [24]. However, despite efforts, the 

construction frenzy showed no signs of slowing down (-F1). As a result, in 2008 the NDRC 

ordered a general parade of CTL projects (+F4). In 2011, the NDRC issued another notice 

prohibiting the approval of any CTL plant with an annual production of less than one million 

tons (+F4) [24]. This notice also prohibited the distribution of land and financial support from 

banks to projects that do not comply with policies and industry (+F4) [24]. These measures 

finally helped to reverse the frenzy scenario (+F4). The suspended projects include a joint 

venture of Shenhua Group and Sasol, a plant of Xinfeng Coal Chemical Group of Shandong, 

one of Shandong Energy Group plant and a plant of Pingmei Shenma Group of China (+F1) 

[24]. 
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4.2.4 Fourth Period (2011-Present)–Positive Type 

In the recent years, the central government gradually relaxed controls on CTL projects by 

supporting eligible projects and continuing to prohibit those unqualified (+F4) [24]. 

According to the National Planning of Coal Chemistry Industry, authorization of a CTL 

project can only be issued based on a comprehensive consideration of all affecting factors
1
 

(+F4) and CTL projects should only be distributed properly among four provinces
2
 (+F4 and 

+F5) [21]. By creating very strict entry barriers, the Notice of Industry Development 

Regulation of Coal Chemistry emphasized that the authorization of all CTL projects should 

only be released by the NDRC (+F4). In 2012, by setting energy consumption and efficiency 

targets (+F5), the Development Policy of Deep Processing in Coal Industry emphasized that 

more measures must be taken in order to assist and expedite the industrialization of CTL 

technologies (+F4) [21]. In 2014, the Ministry of Energy issued a National Warning about 

Coal Liquefaction and Gasification, prohibiting CTL projects that do not reach the 

megaton-scale production (+F4). Later, CN launched the Strategic Planning Energy 

Development (2014-2020) demanding a national increase in the use of clean coal and a 

decrease direct combustion of coal on a large-scale (+F5) [24]. Meanwhile, in 2011, funded 

by three state-owned companies, the CTL project of Yanzhou Group in Yulin marked the 

beginning of a new industrial construction phase (+F1 and +F6). The commercial production 

of the DCL project of Shenhua Group was also approved, based on the DMTO technology of 

Dalian Institute of Chemical Physics (DICP) of the Chinese Academy (+F1 and +F3). Finally, 

with a total investment of about US $ 348.63 million, the ICL project of Yitai Group won the 

approval of commercial production (+F1 and +F6) [24]. 

4.3 Summative Table 

What follows is a summative table (table 2) that we elaborated in order to complement and 

illustrate the results narrative that has been displayed above. At the same time, it is necessary 

to highlight some of our comparing results, as they will serve as a comprehension guide. 

To start with, both government and enterprises acted as the main agents. However, in 5 out of 

6 analyzed periods, the role was played by the non-business government. Secondly, as we can 

see in the table, general performance of IS during a period is strongly influenced by main FIS 

that are activated by main agent. In a positive type of period, main FIS are activated positively 

by main agents. For a mixed type of period, main FIS are triggered both positively and 

negatively by main agents. In the case of a negative type of period, only negative main FIS 

                             
1 Factors such as natural resources, ecological environment, transport system, local economy development situation and 

emission reduction targets. 

2 Inner Mongolia, Shaanxi, Xinjiang, Ningxia and Guizhou 
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are stimulated by main agents. Finally, it is important to point out that in the only negative 

type of period, namely the second Brazilian period (1991-2002), although all the main FIS are 

negatively activated by the main agent, some less important FIS did contribute positively. 

However, this does not influence on our decision of classifying this period as a negative type 

one. 
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Table 2 Operationalizition of FIS  

 

Period 

 

Main 

Agent 

Main FIS and Indicator Summary  

Other Activated 

FIS 

 

General 

Performance 

Type 

Positive (+) Negative (-) 

First Brazilian 

Period 

(1975-1990) 

 

 

Government 

+F2: R&D projects,  

+F4: Specific objectives determined by the government, and regulation, 

+F5: Price fixing, favorable tax regimes, definition of mix ratio and production volume 

+F6: Creation of infrastructure, construction and financing of industrial park 

+F7: compulsory production and utilization  

 

 

NOT FOUND 

F1: increase of entrants, 

launching new products,  

 

 

Positive 

Second Brazilian 

Period 

(1991-2002) 

 

 

Government 

 

NOT FOUND 

-F4: Canceling of supportive 

program,  

-F5: Canceling of financial 

support, financial  support for 

traditional product 

-F1: Decrease of 

entrepreneurial activities. 

-F2: Redirecting the 

research activities, 

+F3: Cooperation among 

several universities  

+F6: research centers on 

specific topics, financing 

 

 

Negative 

Third Brazilian 

Period 

(2003-2010) 

 

Enterprise 

+F1: Diversification of activities, launching new products, experiences with other 

products 

+F2: R&D projects, patents and investment in R&D activities 

 

 

NOT FOUND 

+F5: Favorable tax 

regimes, encouragement of 

exporting 

 

Positive 

Fourth Brazilian 

Period 

(2011-present) 

 

 

Government 

+F4: Directing the research activities, 

+F5: Creation of demand increase, definition of mix ratio 

+F6: Long-term R&D policies, releasing supporting fund, financing 

-F4: Decrease of public interest, 

-F5: Canceling of financial 

support, 

-F6: Canceling of public 

investment 

+F1: new activities 

-F1: Decrease of 

productivity, loss of jobs 

-F2:Increase of R&D 

activities of competitive 

product 

 

 

Mixed 

First Chinese Period 

(1978-2000) 

 

Government 

+F2:R&D projects, patents and investment in R&D activities 

+F4:Specific objectives determined by the government, regulation, publication of 

articles 

+F5: Increasing both domestic and export demand 

 

 

NOT FOUND 

+F1: Creation of first 

company 

 

Positive 
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+F6:Long-term R&D policies, research centers on specific topics, financing 

Second Chinese 

Period 

(2001-2005) 

 

Government 

+F2: R&D projects, patents and investment in R&D activities 

+F4: Specific objectives determined by the government, regulation, publication of 

articles 

+F5: Definition of production volume 

+F6:Long-term R&D policies, releasing supporting fund, financing 

 

 

NOT FOUND 

+F1: Increase of 

entrepreneurial activities 

+F3:Cooperation of public 

institutions and companies 

 

Positive 

Third Chinese 

Period 

(2006-2010) 

 

 

Government 

+F1: Decrease of entrepreneurial activities 

+F4: Specific objectives determined by the government, regulation, publication of 

articles 

F1: Frenzy of entrepreneurial 

activities 

F4: Unrealistic and unstainable 

objectives determined by the 

government, 

-F3: Uncontrolled 

cooperation of public 

institutions and companies 

 

Mixed 

Fourth Chinese 

Period 

(2011-present) 

 

Government 

+F4: Specific objectives determined by the government, regulation, publication of 

articles 

+F5: Definition quotas of consumption 

+F6:Long-term R&D policies, releasing supporting fund, financing 

 

NOT FOUND 

+F1:Increase of qualifies 

entrepreneurial activities  

+F3: Cooperation of public 

institutions and companies 

 

Positive 
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5. Findings  

 We noticed that F7 remains absent in the analysis of Chinese case. It is necessary to 

remember that, according to Hekkert and Negro, even though some FIS may not be identified 

during the analysis of a certain chronological phase, this does not imply that it is not possible 

for some of them, in fact, had made their presences [36]. However, in terms of the absence of 

F7 in the Chinese case, we believe that it is due to the drop-in characteristic of the CTL fuels. 

Usually, the adoption of new technology is accompanied by a new regime. However, 

technologies with the drop-in characteristic does not require the establishment of a new 

infrastructure system, for it can suit into the existing one. 

 We found that the negative general performance of an IS does not exact an absolute 

absence of any positive participation of FIS. In the only negative period of our study, namely 

the second period of the Brazilian case, all the main FIS, or the government-driven FIS, were 

activated negatively. At the same time, we also identified the positive activation of F3 and F6 

due to the existence of the RIDESA. However, this fact does not change the general 

performance of this period to a mixed one because that the impact of this positive 

participation is too slight to exert any decisive influence on the decline trend of the general 

performance of the IS. On the other hand, we do admit that some FIS may have contributed 

negatively to the positive general performances of IS (first and third periods of Brazilian case 

and first, second and fourth periods of Chinese case) and have not been identified in the 

present study. However, we still believe that, just like what happened with the second 

Brazilian period, the possible negative contribution of some FIS are not capable enough in 

changing the positive developing course of IS during these periods.   

 For most of the periods, non-business organizations acted as the main agents, especially 

in the case of CTL industry of China. Thus, FIS conducted by governments are the factors 

that contributed most both to the activation of business-agent-driven FIS and to the general 

performance of the IS. Therefore, different from the opinion of Malerba, which states that, in 

a SIS, the main agents are always the companies; this study argues that both business and 

non-business agents are capable to act as main agents during a given chronological stage. 

Because, based on the research, companies are not always involved or act as the main agents 

involved in innovation, generation and adoption of new technologies. 

 The present study agrees on the affirmation of Hekkert about the F1, which is, because of 

the influences of one or more other functions, it is possible that the amount of entrepreneurial 

activity (AEA) decrease or increase in a relatively short period. Moreover, analysis of the 

Chinese case showed that, both the growth and the decrease of AEA could contribute 
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positively to the positive activation of F1 and, thus, to the general functioning of a SI. In the 

third Chinese phase, the rapid decrease of AEA was the most notable positive indicator of F1. 

As a result, deepening the affirmation of Hekkert, this paper argues that a positive correlation 

between EAQ and the performance of an IS does not always exist. In other words, the 

increase of EAQ cannot lead to an absolute positive function of FI and the decrease of EAQ 

does not necessarily lead to a negative activation of this FIS. 

 The study also argues that the general performance of an IS is strongly influenced by 

other factors, such as economic and political background, the nature of the main raw material 

and the developmental trajectories of core technologies. In Brazil, the government 

emphasized the use of other FIS in order to promote F1, trying to guarantee the freedom of 

entrepreneurial activities and participations. However, in the Chinese context, market factors 

such as demand and supply, are frequently limited by the strong and constant influence of the 

visible hand of government. There are several causes of this divergence between the actions 

of the two governments. First, because of the country's political system and traditional 

economic experiments, the influence of planed economy is still strong among the strategic 

sectors like the CTL industry in China. Next, unlike Brazilian sugar cane plantation, 

governments own coalmines‘ properties in China. Therefore, the coalmine exploitation 

requires official authorization [70]. As to core technologies of the two sectors, in the Brazilian 

case, it is a series of mature technologies; therefore, what mattered most for this sector was 

technological updating of engines and the invention of FFV, namely, the innovative activities 

from demand side. However, for the CTL industry in China, the R&D activities focused on 

the basic technological research supported by public institutions. Finally, the CTL industry is 

a capital-intensive industry that has a longer recovery time of invested capital, or, a long 

period of payback, which complicates further the free participation of private capital.  

6. Conclusions and Strategy Recommendation 

In addition to providing historical and analytical data, another contribution of this study 

concentrates on the identification of the two SI‘ flaws and, meanwhile, these insights lead us 

toward the policy recommendations regarding the governance of SIS. Next, these results are 

presented respectively.  

To begin with, in the Chinese case, two defects were discovered. First, the government plays a 

major role in all analyzed periods, which made companies become very dependent, especially 

in terms of technological innovations. Therefore, it is expected that these companies will need 

more time and investment in order to survive independently. Secondly, by limiting the 

freedom of the market, the many advantages of market were also depressed. The best example 
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is the waste of resources that took place in the third phase. In order to take advantage of 

public policies and increase local GDPs, many local governments founded public companies 

or guided existing public companies to enter the market without taking account of 

technological risks, the long period of payback and the natural limitations of each region. On 

the Brazilian side, the most notable shortcoming is the lack of continuation of favorable 

public policies. A new industry can rarely survive and compete with the traditional ones, so 

government assistance is needed until the new products become economically competitive. 

However, this is not the case of the Brazilian ethanol sector. According to the, public supports 

were cut two times during the analyzed time span. In the absence of public financial 

assistance, firm agents abandoned the bioethanol industry and began to invest in other areas 

where private investment can yield more profits.  

According to our research, it seems that the fine-tuning of the public policies and industry 

dynamics is a very challenging task. In both cases, public policies were crucial to the 

industries‘ development in the beginning and in some extent were also a source of 

discontinuity or mismatch in a posterior period. 

7. Limitation and Further Study Recommendation 

Regarding the limitations of this study, it was not possible for the present study to analyze the 

Chinese case of CTL inserting it into the full context of the coal industry. At the same time, 

only the components of the second block of Malerba‘s classification (2002) was used as 

starting points when identifying the participation of FIS. Therefore, as recommendations for 

future research, a study of the Chinese CTL industry, that prioritizes the identification of 

different engines of development and transition of this SI, is suggested. In addition, a 

comparison with the IS of US ALF sectors is also suggested, because the country has been 

involved with the ALF for many years and have a rich experience of ALF from diverse 

origins (natural gas, coal and biomass). 
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Abstract: The main purpose of this study is to investigate how private-owned venture capitals’ 

investment decisions on university spin-offs are influenced by universities and governments in China’s 

context. The triple helix model is adopted as the main analytical skeleton. Through an in-depth case 

study on the interactions of Triple Helix actors within the support network of Tsinghua University’s 

spin-offs, it is found out that activities creating and developing the environment of marketization, such 

as clarified policies of governments, technology transfer regulations of universities, and 

entrepreneurship trainings and education established by universities, tend to exert positive influence 

on the investment decisions of private-owned venture capital on university spin-offs. However, when 

the resources provided by universities are homogenous to those from the private sector (i.e. financial 

capital), the influence is negative. The factors suggested in previous studies that promoting venture 

capital investment on university spin-offs in China, including brand value of the universities, 

participation in government-led science-and-technology projects and provision of infrastructure play 

insignificant roles in our study. In addition, an interesting finding of this study is that a critical point, 

ranging from 10% to 30% according to the in-depth interviews, may exist for the impact from 

government investment ratio of public guidance funds for university spin-offs on investment 

willingness of private-owned venture capital. This research therefore promotes triple helix literature, 

and provides policy and managerial implications for public sector from emerging economies. 

Key words: triple helix, university spin-offs, venture capital 
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1. Introduction  

University spin-offs, or university spinouts, according to Steffensen et al. (2000), is defined as one 

type of technology-based firms founded by university faculty holding technology derived from 

university laboratories. The development of university spin-offs is considered as the synergetic result 

of three actors, universities, governments and industries which comprise the Triple Helix Model (Di 

Gregorio, & Shane, 2003; Wright, Birley & Mosey, 2004a；Wright, Vohora & Lockett, 2004b). Yet 

university spin-offs, due to their academic or technical background, are often financially vulnerable 

(Roberts, 1991). To overcome the problem of undercapitalization of university spin-offs, venture 

capitals play a key role in facilitating high-tech start-ups with abundant finance resource as well as 

other types of supports such as entrepreneurial supervision and services and establishing business 

networks with potential opportunities (Bertoni et al., 2011; Fried & Hisrich, 1995; Hirukawa & Ueda, 

2011).  

Under the triple helix model, sources of venture capitals may be diversified, originating from 

governments, universities or private sectors (industry), especially under the Chinese context where 

venture capitals are at the initial stage (White, Gao, & Zhang, 2005). Mutual impacts exist between 

venture capitals from various sources. Compared to the private venture capitals, governmental venture 

capitals have different purposes and considerations towards risky projects (Bertoni & Tykvová, 2015; 

Cumming & MacIntosh, 2006; Sahlman， 1990; Sonnek, 2006;). Several scholars argue that 

government and university venture capitals are not substitute but complement for private venture 

capitals (Bertoni & Tykvová, 2015; Wonglimpiyarat & Khaemasunun, 2014). While some other 

scholars argue the existence of crowding out effect from government investments on private sector 

funds (Cumming & MacIntosh, 2006; Jenner, 2012). Moreover, I=investment from private venture 

capitals on university spin-offs is often impacted by behaviors of government and universities. For 

instance, investmen decisions of private venture capitals are influenced by governmental and 

university towards university spin-offs(Fini et al., 2014). Such phenomenon might be specifically 

obvious in China, where most universities are public oriented and university spin-offs following 

governments and universities policies in nature.. More specifically, Chinese governments have 

established national and regional science and technology systems to enhance the indigenous 

innovation capability through providing the land usage, financial supports, and taxation preferences 

for universities to efficiently transfer academic results into economic development since the 1980s 

(Wu, 2010; Wu & Zhou, 2011). Governments also provide favorable institutional incentives for private 

venture capitals to invest on university spin-offs.  

While private venture capitals‘ investment decisions on university spin-offs are influenced by 

universities, the universities are also actively promoting university-industry relationships (Wu, 2010). 

Some are successful in new venture creating based on technological results from university researches 

(Wright et al., 2007). Universities make efforts to manage spin-offs aiming at both economic growth 

and technology transfer (Rasmussen & Wright, 2015). In China, universities contribute to technology 
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transfer through not only setting up their own firms, but also constructing university science parks to 

provide incubators for high-tech start-ups. Universities and their science parks facilitate technology 

transfer with infrastructure, financial resources, technologies, talents, and entrepreneurial services.  

Current literature on university spin-offs based on the triple helix model has improved our 

understanding on university spin-offs in various aspects, yet most literature focus on the direct impact 

from triple helix actors on university spin-offs. For instance, one stream of literature investigates the 

motivation and potential factors impacting the creation and performance of university spin-offs (Fini et 

al., 2011; Rothaermel, Agung & Jiang, 2007). The complementary effects on university spin-offs 

between supports from governments and universities are also examined (Fini et al., 2011). Researches 

on decisions of venture capitals suggest that profit-making capabilities, management skills, and exit 

mechanisms of start-ups are usually considered factors (Narayansamy et al., 2012). However, research 

on venture capital under triple helix model is still scant, especially about the impact from government 

and university on private venture capitals. 

Thus, the main purpose of this study is to delve how the actions taken by government and university 

on supporting university spin-offs influence the investment decisions of private venture capitals. We 

delimitate our research content in Chinese universities, and the triple helix model is adopted as the 

main analytical skeleton. 

In the following content, theoretical framework and methods applied in the article will be introduced 

firstly to give a holistic picture about the theoretical basis and study design. This is followed by the 

research method discussion. A single case study design and related data collection and analysis 

rationale will be introduced. A further discussion part will come after the findings to explore the 

results within the theoretical framework. At the end of the article, implications will be given to host 

universities and local governments to encourage private venture capital investment. 

2. Literature review  

2.1 Triple Helix Model 

The Triple Helix model, adopted as the basic analytical framework for this study, is one of the most 

important theories for denoting university-industry-government interactions, which is the key to 

improving innovation in a knowledge-based society (Etzkowitz, 2000). 

In this model, three existing actors (i.e. university, industry, government) are expected to collaborate 

with each other to enhance their performance in promoting innovation. Industry operates as the 

primary source of productive activities and service. University produces new knowledge and 

technology. While government provides stable interactions and exchange with favorable policies. The 

next step to development of the Triple Helix is that, in addition to collaboration based on performing 

its traditional tasks, each Triple Helix actor "takes the role of the other'' (Etzkowitz, 2003). 

With this increasing integration degree of triple helix actors, university spin-offs, at the overlapping 

part of three triple helix institutional spheres (Etzkowitz, 2003), are receiving more research focus. 
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The activities centered by the university spin-offs have been studied systematically (O‘Shea et al., 

2007). Several literature discusses the role of government and university in promoting the creation of 

university spin-offs (Rasmussen & Borch, 2010; Fini et al., 2011). The interrelations between supports 

from different actors are also examined to achieve the synergy effects of the Triple-Helix Model. 

During the development of university spin-offs, venture capitals are considered to play a key role in 

assisting these technology-based infants to fulfill the initial undercapitalization (Roberts, 1991). Apart 

from capital providing, venture capitals also reduce informational asymmetries, provide business 

development skills for newly started firms (Brander et al., 2008; Keuschnigg & Nielson, 2002; Wright 

et al., 2006). However, private venture capitalists from industry spheres may eschew a relatively 

long-term strategy of five or more years， and choose to exit at 18 or even 12 months (Etzkowitz, 

2003). Thus financial supports from public sectors are crucial for survival of university spin-offs due 

to the long-term orientation of technology transfer of these spin-offs (Brander et al., 2008). Based on 

the case of U.S. Small Business Innovation Research program, public investment has the successful 

influence due to signals sending of reliable business potentials to private venture capitals (Cumming & 

Li, 2013). Public investments may also help downsizing uncertainty, increasing net present value of 

investment, completing private venture capital, and speeding up the commercialization (Toole & 

Turvey, 2009). The government and public universities are complementary of market force to facilitate 

development of start-ups in normal economic developing period (Cumming & Li, 2013). While 

several of existing empirical studies conclude that public investment may crowd out private venture 

capitals, and public investment without necessary professional skills may cause the reverse selection 

problem (Brander et al., 2008),. This will then decreases the possibility of firms with market potential 

to obtain venture capitals. As a result, firms which may have little market potential but satisfied to 

government demand constitute the majority of potential receptor of private venture capitals. This 

routine usually damages private venture capital‘s investment decisions on the spin-offs. Public 

subsidies substitute venture capitals as an extra financial support. While some taxation policies, like 

the progressing capital income tax, usually lower the incentives of new-technology-based firms to 

attract venture capitals (Keuschnigg & Nielsen, 2002).  

As reviewed above, current research mainly focus on the direct influences from governments and 

universities on spin-offs, and on venture capital market. Conflicts also exist in the conclusions of the 

impact from public sectors on private venture capitals. The conflictions and competitions between the 

triple helix actors are scarcely discussed. Moreover, the impacts from public sectors‘ interventions on 

the investment willingness of venture capital on university spin-offs within the triple helix model are 

seldom discussed (Brander et al., 2008; Keuschnigg & Nielsen, 2002). For university spin-offs, 

investment decisions of venture capitals could be deeply influenced by activities conducted by 

governments and universities, since the venture capital market is influenced by both the policies and 

direct investment from the government and university. However, the influences are seldom discussed. 

2.2 Constructs and measuring variables of government and university support on university 
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spin-offs 

To discuss the impacts from university and government, activities of university and government are 

decomposed into several constructs based on existing litearture. These constructs are further 

decomposed into several measuring variables with key words which are the basis for primary data 

collection and analysis. 

As depicted in Table 1, constructs of universities' support for spin-offs are path creating, resource 

integration and role balance according to Rasmussen and Borch (2010)‘s research on university 

support on development of spin-offs. Path creating means that universities can support spin-offs to 

explore market opportunities drawing upon universities' brands or reputation, provide business 

consulting services for their spin-offs, and link spin-offs with public sectors for survival and 

development (Rasmussen, & Borch, 2010). Another construct is resource integration which is most 

discussed. This construct comprises infrastructure providing and financial supporting (Clarysee et al., 

2005; Grandi, & Grimaldi, 2005; Powers, & McDougall, 2005). Universities their staffs balance their 

roles between technology researchers and entrepreneurs. This role balance includes several kinds of 

regulations for technology transfer (Rasmussen et al., 2011) and business or entrepreneurship training 

for founders of spin-offs (Clarysse, & Moray, 2004; Smilor et al., 1990). Constructs mentioned are 

listed in following table. 

Table 1 Universities' Support for Spin-offs 

Constructs Measuring Variables Key Words 

Path creating 

Brand support Brand, reputation, alumni networks 

Business consulting Consulting, marketing, business model 

Public relationship S&T programs, government subsidies 

Resource 

integration 

Infrastructure 

providing 
Incubator, science park, specialized facilities 

Financial supporting Seed funds, innovation funds 

Role balance 
Business training 

Training, entrepreneurship tutors, entrepreneurship 

courses 

Regulations Incentives, support regulations, ownership 

(Clarysee et al., 2005; Clarysse, & Moray, 2004; Grandi & Grimaldi, 2005; Powers & McDougall, 

2005; Rasmussen & Borch, 2010; Rasmussen et al., 2011; Smilor et al., 1990) 

Under the triple helix framework, governments usually plays the role of regulator and supporter. In 

regards to governmental support for spin-offs, two constructs are identified based on the research of 

Zeng et al. (2010), i.e. government policies and public supports. . Government policies include 

financial policies, industrial policies and regulations for investment, granting preference and 

guidelines for investment activities on spin-offs. And these policies also ensure the conduction of 

investment activities (Fini et al., 2011; Mowery et al., 2001).  
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Public supports are the direct finance, project and infrastructure supports provided by government. 

Financial capital is an important complement to private venture capital (Clarysse et al, 2005). 

Infrastructure supports are provided mainly through the establishment of public owned incubators or 

high tech zones (O'Shea, et al., 2005). Apart from these aforementioned supports, public sectors also 

organize innovation platforms to deliver specialized services for spin-offs to obtain sufficient financial 

capitals (Siegel, et al., 2007). In addition, scientific and technical programs supervised by governments 

also provide university spin-offs opportunities to gain financial capitals for further development in 

China (Huang, et al., 2004; Liu, et al., 2011). Those constructs are summarized in Table 2. 

Table 2 Governments' Support for Spin-offs 

Constructs Measuring Variables Key Words 

Government 

policies 

Financial policies Preferential policy, funds ownership 

Industrial policies Strategic field, guidance, public purchasing 

Regulations for 

investment 
Exit mechanism 

Public support 

Financial support Public funds, direct subsidies 

S&T programs Scientific projects, technical projects 

Innovation platforms Service agencies, intermediaries 

Infrastructure providing 
Incubators, science parks, high technology 

clusters 

(Clarysse et al., 2005; Fini et al., 2011; Huang et al., 2004; Liu et al., 2011; Mowery et al., 2001; 

O'Shea, et al., 2005; Siegel et al., 2007; Zeng et al., 2010) 

Combining the triple helix model with these constructs, the research framework for this thesis is 

developed as shown in Figure 1.  

 

Figure 1 Theoretical framework 

The external support network of university spin-offs are comprised with government, industrial 

agencies, and universities. Activities of governments and universities impact the decisions of industrial 

agencies on venture capital investments towards university spin-offs. Those impacts are the main 

Private venture capitals University spin-offs

Support from government

Support from university
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concern of this article.  

3. Methodology 

The aim of this study is to investigate how private venture capitals‘ investment decisions on university 

spin-offs is influenced by universities and governments, and the study is delimited in emerging 

economy contexts, i.e. China. As the study is exploratory in nature, the single case method is adopted 

with the purpose of identifying and depicting the underlying mechanisms as shown in Figure 1. , The 

support network of Tsinghua University spin-offs is selected as our focal case. Tsinghua University‘s 

long history of nurturing university spin-offs begins in the early 1980s, and a comparatively sound 

external financial support network has been established. Tsinghua University now holds a leading 

position in both technology industry and entrepreneurship culture among China‘s universities (Tan, 

2006), its spin-offs have comparatively active interactions with external support network and many 

universities in China. This has set Tsinghua as a model showing how spin-offs are nurtured (Zou & 

Zhao, 2013). Thus the external support network for Tsinghua University spin-offs can be considered as 

a representative case with revelatory traits in our research field.  

Both primary and secondary data from different sources are collected and cross-checked to ensure 

triangulation. To collect primary data, formal and informal interviews, as well as participatory 

observations were conducted. In regards to formal interviews, 15 face-to-face interviews were 

conducted over a period of 10 months (from June, 2013 to April, 2014). A semi-structured interview 

approach was chosen to provide the necessary flexibility to interviewees and enables rooms for 

insightful novel findings. Numbers of follow up questions for each backbone question in the same 

interview guideline were controlled. Thus the influence from the design of interview on the frequency 

of interviewees‘ key words will be reduced. 

Most interviews last around 1-2 hours. Interviewees were carefully selected experienced personnel 

from the triple helix actors, such as academic researchers from Tsinghua University, entrepreneurs of 

the spin-offs, venture capitalists, and governmental officials. Besides formal interviews, one author 

spent four months working in Tsinghua Science Park, where spin-offs are incubated, to conduct field 

research. This allows us to collect rich primary data through informal interviews and participatory 

observations. Informal interviews are mainly conducted with several employees of TSP, venture 

capitals and spin-offs during September 2013 and December 2013. Informal interviews provides 

opportunities to obtain novel data, and such data also help cross-checking those from formal 

interviews. Moreover, the author also engaged in several investment projects in relation to university 

spin-offs. Such participatory experiences provided contextual and detailed observations and 

understandings on the investment behaviors and screening principles of venture capital investors, as 

well as their attitudes towards support activities of government and universities. Reflective notes were 

taken timely to keep a track on primary data collection and future analysis. 

To analyze the collected data, an overall coding technique of qualitative research informed by 
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grounded theory (Strauss, 1987) is followed. Firstly, statements from interview transcripts are codified 

and classified to match each construct and measurable variables respectively. Secondly, based on the 

keywords of the identified variables, the frequency of each keyword, i.e. accumulated number of 

keywords mentioned in statements, was counted within each classified interview statements. 

Especially, it has been observed that some of interviewees repeated the key words to explain the same 

opinions during the interviews. To avoid such research bias, we counted the frequency of these 

situations as one. Higher frequency means deeper correlation level between individual measuring 

variable and the independent variable of the study, i.e. private venture capital‘s investment decisions 

on university spin-offs. We identified three types of effects: positive effect, negative effect and no 

effect. Thirdly, the impacting effect of each variable is assessed and clarified, i.e. how different 

variable impact on private venture capital‘s investment decisions. In order to avoid potential bias, the 

three authors went through the above steps individually, and cross-checked each other‘s findings. 

Common results on frequencies and effects were then reached after careful comparison and 

discussions. 

4. Findings 

Based on data analysis, impact from governments and universities are listed in Table 3 and 4.  Table 3 

shows the correlations between government supports and the investment motivation of private venture 

capitals. 

Table 3 the Codified and Scored Results of Impact from Government on Private-owned Venture 

Capital 

Constructs Measuring Variables Frequency Effect 

Government policies Financial policies 4 Positive effect  

Industrial policies 2 Positive effect  

Regulations for investment 7 Positive effect  

Public support Financial support 10 Depend on investment ratio 

S&T programs 4 No effect 

Innovation platforms 3 Positive effect 

Infrastructure providing 2 No effect 

 

As shown Table 3, government policies such as financial policies, industrial policies and regulations 

for investment all have positive effects on the investment motivation of private venture capitals. It is 

worth noting that the variable of regulations for investment has the highest frequency which means the 

private venture capitals care more about the regulations for investment. In terms of public support, 

both S&T programs and infrastructure providing have no obvious effect on investment motivation of 

private venture capitals, even though these two variables were mentioned several times during 

interviews. Innovation platform such as the platform established by Tsinghua Science Park which 
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enable spin-offs to access to external specialized innovation service has slightly positive effect on 

investment motivation of private venture capitals.  

Financial support from government has more complex effect on investment motivation of private 

venture capitals. 2 out of 10 codified statements related to this measuring variable imply that financial 

support from government has a positive effect on private venture capitals. 5 out of 10 codified 

statements indicate negative effects, while the rest shows no obvious effect. The diverse judgments are 

based on the percentage of government investment among all investment a firm receives. This will be 

elaborated in the next section.  

Similarly, the correlations between university supports and investment motivation of private venture 

capital are listed in Table 4. 

Table 4 The Codified and Scored Results of Impact from University on Private-owned Venture Capital 

Constructs Measuring Variables Frequency Score 

Path creating Brand support 5 No effect 

Business consulting 2 No effect 

Public relationship 0 No effect 

Resource integration Infrastructure providing 5 No effect 

Financial support from university 4 Negative effect 

Role balance Business training 5 Positive effect 

Regulations 3 Positive effect 

 

At construct dimension, role balance from university has a positive effect on private venture capitals‘ 

investment motivations. Business training has a higher frequency than regulations as a construct. 

Another construct, path creating through brand support, business consulting, and public relationship 

building, has no obvious effects on the investment motivation of private venture capital. Regarding the 

construct of resource integration, financial support from university has a negative effect on investment 

motivation of private venture capital, while the infrastructure providing has no effect according to our 

investigation. All the constructs that have impacts on investment motivation of private venture capitals 

are shown in Figure 2. 
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Figure 1 Impacts from Government and University on Investment Motivation of Private-owned 

Venture Capitals 

5. Interpretation 

Impact from government on private-owned venture capital  

Government policies are mostly positively related to the investment motivation of private-owned 

venture capitals. This correlation accords with the profit seeking motivation of private-owned venture 

capitals. The impacts are demonstrated in following figure. 

 

 

Figure 3 Impacts from Government on Investment Motivation of Private-owned Venture Capitals 

 

The financial policies, including preferential policies for investment, reduce the investment cost for 

private-owned venture capitals and increase potential financial returns from investment activities. For 

industrial policies, the effect on private venture capitals is limited due to the less market-orientation of 
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industrial policy operation. Government concerned more of the overall social welfare than the 

financial profit, which is the key for private-owned venture capitals. In addition, according to 

interviews, deficiency in the continuity of some industrial policies in China also reduces the 

investment activeness of private-owned venture capitals. Thus, the positive effect generated by 

industrial policies is slight or limited.  

According to the analysis, governmental investment regulations have the most significant positive 

effect on private-owned venture capitals. From private-owned venture capitals‘ perspective, 

investment regulations ensure the security of their investment and enable them to gain financial returns 

with a sound exit mechanism, which is the key route for private-owned venture capitals to generate 

profits (Gilson, 2003). As one of the interviewees mentioned, 

"I think that the regulations for venture capital investment are the most important for us, because we 

are profit-driven and we follow the principle of market-orientation. Thus, we need authorities to set 

'game rules' for us to ensure our rights and guarantee a fair competition environment for all the 

players" (Interviewee 12) 

 The importance of the exit mechanism for venture capital is also emphasized by one informant, 

"We make profit from investment and gain such financial return by exiting from invested firms at the 

right time, thus an exit mechanism which enables us exit rapidly and conveniently benefits us." 

(Interviewee 10) 

Thus, clear regulations for investment, which guarantee market-orientated environment, have a 

significant positive effect on the investment motivation of private-owned venture capitals towards 

firms, including university spin-offs. 

S&T programs and infrastructure providing are not attractive for private-owned venture capitals to 

provide financial support, which is slightly surprising. All the interviewees from private-owned 

venture capitals stated that from their opinion firms participating in S&T programs and gaining 

infrastructure support from public sectors do not demonstrate better market potential even though 

these firms might have better opportunities to survive. One of the interviewees expressed as follows: 

"Now, there are many firms in public-owned science parks or incubators. Among them, many 

participate in S&T programs. Not all of them have market potential and we need to select appropriate 

investment receivers based on our experience. So I think S&T programs and infrastructure support are 

not very important for us. We follow the principle of market-orientation." (Interviewee 10) 

For innovation platform, one private-owned venture capitalist argued that it has positive effect for their 

financial support provide. Compare to other larger venture capital firms, smaller private-owned 

venture capitals have insufficient resource to provide other services for their invested firms such as 

legal assistance, brand building and market consulting, etc. However, these additional services are also 

important for growth of start-ups, thus these smaller venture capitals will seek help from external 

specialized innovation service agents. By this way these venture capital firms can concentrate their 

resource on investment activities. 
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The effect of financial support from government on private-owned venture capitals is quite 

complicated. There are two ways for governments to provide financial supports for university spin-offs. 

First is the direct investment. When the equity share of government reaches 30% in a firm, it will be 

regulated as state-owned asset. It will confront a complex and time-consuming administrative 

examination and approval procedure, if it wants to be listed at stock market. If the equity share of 

government in a firm exceeds 50%, this means that government will has the absolute decision-making 

right. Both of these two situations will reduce investment motivations of private-owned venture 

capitals. 

It is also mentioned in one codified statement about the situation that government has less than 30% 

equity share at a firm or even only public subsidies with no request of equity share. Under such 

situation, financial support from government has no obvious effect on private-owned venture capitals 

to provide investment, as receiving government investment cannot demonstrate the firm's market 

potential in private-owned venture capitals' opinion.  

Another way of governmental financial support is to invest public-owned funds with public guidance 

funds. According to literature, public guidance funds will leverage financial capital from private sector 

to provide investment on infant innovative firms. The percentage of public guidance funds invested in 

private owned funds is normally around 20%-30% as a Limited Partner (LP) and General Partner (GP), 

and other LPs of such funds are private-owned venture capitals. If public guidance funds investment 

account for more than 30% in one fund, according to relevant regulations of management on 

state-owned asset, the usage of this fund will again be under complex administrative examination and 

approval procedures. If the percentage of guidance funds investment in one fund exceeds 50%, 

management companies of public guidance funds would grasp decision-making rights of the public 

guidance fund, which would squeeze the investment room for private-owned venture capitals in the 

same fund. Losing flexibility of investment, private-owned venture capitals may not grasp 

opportunities under market-orientation environment. Thus public-owned funds accounting for more 

than 30% in one fund has a negative effect on private-owned venture capitals‘ investment motivation 

on university spin-offs. 

Public guidance funds perform better in promoting innovation than pure private or public venture 

capitals due to the synergy of complementary objects when investing in start-ups (Bertoni & Tykvová, 

2015). Private venture capitals benefit from the vision and network of public sector. Thus the properly 

structured public guidance funds will attract the private venture capitals. As the vice-manager from 

Zhongguancun VC, a public guidance funds management firm, mentioned, the main task of public 

guidance funds is to leverage private-owned financial capital.  

From private-owned venture capitals‘ perspective, investment from public guidance funds accounting 

for less than 30% in a fund will be reasonable for them to invest on this fund. Under such a situation, 

not only can private-owned venture capitals gain supports from government in financial and network 

resource to extant potential profits but private-owned venture capitals also remain investment 
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flexibility and make the most of their specific business development capabilities. At this situation, 

financial support from government has positive effect on private-owned venture capitals. The effects 

from government venture capital on the investment motivation are displayed in next table. 

Table 5 The Effects from government support actions on investment motivation of private-owned 

venture capitals 

Percentages 

 

Investment Ways 

Less than 30% More than 30%, less 

than 50% 

More than 50% 

Direct investment on firms No effect Negative effect Negative effect 

Investment on funds Positive effect Negative effect Negative effect 

 

Only when financial support from government accounts for less than 30% in one fund, the government 

venture capitals have a positive effect on private-owned venture capitals. Otherwise, it has a negative 

effect on private-owned venture capitals due to less market-orientation and deficiency of flexibility on 

investment. 

Impact from university on private-owned venture capital 

According to the findings, the impacts from university are revealed as following figure. 

 

Figure 4 Impacts from University on Investment Motivation of Private-owned Venture Capitals 

Investors from private-owned venture capitals pay more attention to growth potential and market 

prospect of firms. Due to the market-orientation of private-owned venture capitals, path creating 

through business consulting, public relationship building and infrastructure providing have no obvious 

effects for similar reasons mentioned at the analysis of the impact from government on private-owned 

venture capitals.  

Apart from the three above measuring variables, two other measuring variables and one construct of 

university need to be specifically analyzed. First is the measuring variable of brand support. Although 

two out of three interviewees from private venture capitals argued that university's brand has no effect 
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on their investment activities, the third interviewee from Alpha Capital has a different opinion. 

"Our founders are alumni of Tsinghua University, thus we will show more interesting and pay more 

attention to the university spin-offs established by Tsinghua alumni or students." (Interviewee 12) 

At the same time, this interviewee also emphasized that they have to follow the principle of 

market-orientation for their investment activities. When the market-oriented investment requirements 

are met, spin-offs of Tsinghua will have the priority to gain financial support from their firm.  

The second measuring variable needs to be analyzed is university financial support. University 

financial support has a negative effect on the investment willingness of private-owned venture capitals 

on spin-offs. One important reason for the negative influence is the crowing-out effect. This effect is 

related to the similar characteristics and overlapping preferential stages of investment from university 

and private-owned venture capitals. More specifically, private venture capitalists usually have 

concerns with university investing promising spin-offs before private-owned venture capitals and 

thereby squeezing investment and profitable rooms for private-owned venture capitals, which thereby 

explains the negative impacts.  

Finally, the construct, role balance including business training and regulations, has a positive effect on 

private-owned venture capitals. Interviewees from private-owned venture capitals regarded role 

balance an important reason for them to invest on university spin-offs. According to Wright, Robbie 

and Ennew (1997), venture capital firms are more willing to deliver investment to entrepreneurs with 

comparatively rich business experiences. It is difficult for students or university faculty to get 

investment from private-owned venture capitals due to lack of essential business experience and 

capabilities, especially those entrepreneurs from engineering universities. Thus business trainings 

overcome such shortages to provide more opportunities for university spin-offs to some extent. 

Regulations of university clarify the ownership of university spin-offs ensure private-owned venture 

capitals to gain their investment returns according to opinions of interviewees from private-owned 

venture capitals. 

6. Discussion  

Based on the case study of Tsinghua University, five propositions in regards to how university and 

government impact on the investment motivation of private-owned venture capitals on spin-offs are 

developed. Firstly, public policies from government are found to have positive effects on investment 

willingness of private-owned venture capitals on university spin-offs according. It is most important 

that regulations for investment set rules and defines clear mechanisms for investors to exit, which 

ensures that financial support providers can gain financial returns. This, in the extent, encourages 

financial support activities under market-orientation environment. 

Financial policies, mainly referring to preferential policies for investment, can reduce investment cost 

for private-owned venture capitals. Thus these policies will motivate the investment activeness of 

providers from private-owned venture capitals on university spin-offs. 
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Industrial policies including fostering policies for emerging high-tech fields can, to some extent, 

reduce uncertainty and enhance survival rates of start-ups in specialized industries. This would 

therefore attract investment from private-owned venture capitals. However, focused on increasing 

social welfare, government policies are usually not directly concerned with gaining economic profit. 

In addition, deficiency of continuity of some industrial policies in China reduces the investment 

activeness from private-owned venture capitals. Thus, the positive effect generated by industrial 

policies is rather limited. 

Overall an ideal institutional environment shaped by public policies will improve private-owned 

venture capitals investment motivation on university spin-offs. The proposition is,  

Proposition 1: Complete and clear public policies for investment are positively related to 

investment motivation of private-owned venture capitals on university spin-offs. 

Innovation platforms have a positive effect on investment willingness of private-owned venture 

capitals. This is because innovation platforms can enable several private-owned venture capitals to 

save resource on providing other innovation services for their invested firms such as legal aid, brand 

building and market consulting, etc. which are also important. Private-owned venture capitals can 

therefore concentrate resource on investment activities. Thus the second proposition is,  

Proposition 2: Innovation platforms provided by government are positively related to 

private-owned venture capital’s investment on university spin-offs. 

According to aforementioned analysis, financial support from government has a positive effect only 

when it accounts for less than 30% in one fund. From private-owned venture capitals‘ perspective, 

investment from public guidance funds accounting for less than 30% in a fund enables PVC to gain 

support from government to lower risk and to remain investment flexibility and decision making rights 

to follow market-orientation as well.  

Under other situations, government financial support has negative effect on private-owned venture 

capitals due to less market-orientation and deficiency of flexibility on investment. More specifically, 

when the equity share of government by investing direct subsidies in one firm is more than 30%, this 

company will confront extremely complex administrative examination and approval procedures with 

long time when it wanted to be listed in stock market according to relevant regulations on management 

of state-owned asset. If the equity share of government in a firm exceeds 50%, this means that 

government will has the decision making right of the focal firm. If public guidance funds investment 

account for more than 30% in one fund, according to relevant regulations of management on 

state-owned asset, the usage of this fund will be under complex administrative examination and 

approval procedures. If the percentage of guidance funds investment in one fund exceeds 50%, 

management companies of public guidance funds would gain decision making rights of the usage of 

this fund. Under these situations, government financial support would squeeze the investment room 

for private-owned venture capitals. Losing flexibility of investment, private-owned venture capitals 

may not grasp opportunities under market-orientation environment. We hereby propose,  
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Proposition 3: Appropriate financial supports from government are positively related to 

private-owned venture capital on university spin-offs. Otherwise such financial supports are 

negative to private-owned venture capital. 

Due to the close relationship between universities and their spin-offs, investors from private-owned 

venture capitals are worried about that university financial support may squeeze investment room for 

government financial support on promising spin-offs. Thus, university financial support has a negative 

effect on financial support from private-owned venture capitals on university spin-offs,  

Proposition 4: Financial supports from universities are negatively related to private-owned 

venture capital on university spin-offs.  

According to Wright, Robbie and Ennew (1997), venture capital firms are more willing to deliver 

investment to entrepreneurs with comparatively rich business experience. It is difficult for students or 

university faculty to gain investment from private-owned venture capitals due to lack of essential 

business experience and capabilities. Business training can, to some extent, overcome such shortages 

to provide more opportunities for university spin-offs to gain financial support from private-owned 

venture capitals. Regulations from university clarify the ownership of university spin-offs which can 

ensure private-owned venture capitals to gain their investment returns smoothly. Thus role balance 

including business training and regulations helps university students and faculty to learn necessary 

business capabilities and clarifies ownership of university spin-offs,  

Proposition 5: Business training as well as regulations from universities is positively related to 

private-owned venture capital on university spin-offs. 

7. Conclusion and implications 

In this study, we explore the specific activities of universities and governments which may facilitate or 

impede investment decision of private-owned venture capital on university spin-offs.  

Specifically, most governments and universities policies complement private-owned venture capital to 

promote the development of university spin-offs. The market-oriented financial policies, industrial 

policies, investment regulations promoted by the governments ensure a satisfied investment 

environment for venture capitals. Those policies are favorable to promote investment motivation of 

private-owned venture capitals. Business training and regulations from universities make up the 

shortages of university spin-offs, and increase the investment tendency of private venture capitals. 

However, resource providing, especially financial resource provided by public sectors, has negative 

effect on investment decision of private-owned venture capital on university spin-offs. Competitions 

exist when the Triple Helix actors provide homogeneous resources, which impede the creation of 

synergy within Triple Helix Model. The situation is increasingly common with the development of 

universities‘ third mission and market-oriented public policies formulating. Universities and 

governments provide direct financial supports to university spin-offs. The funds from universities are 

similar in market orientations and preferences of development stages as the private sector, and 
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diminish the investment motivation of private-owned venture capitals. This is one major theoretical 

contributions developed from this research to traditional triple helix model. 

Government financial support has more complex impact on investment decision of private-owned 

venture capital on university spin-offs. An experiential value of the investment ratio of public guidance 

funds, which improves investment from venture capitals in the context of China, yet still requires to be 

proved by empirical research. It is only when financial support from government accounts for less than 

30% in one fund, the government financial support enhances private venture capitals‘ investment. This 

optimized investment ratio from government in one fund may be from 10% to 30% according to our 

investigation. 

Several implications for each Triple Helix actor are also generated to foster an active financial network 

for university spin-offs. For government and policy makers, it is ultimately important to launch clear 

and thorough public policies, especially when regulating venture capital investment. Managers from 

public financial support agencies need to provide an appropriate proportion of financial supports when 

public agencies collaborate with private-owned venture capital firms in joint investment. Public 

sectors also ought to reduce administrative interventions and give private-owned venture capital firms 

more investment flexibility and decision-making rights to be more market-oriented.  

Universities ought to clarify the ownership of university spin-offs. Moreover, it is the responsibility of 

the university to provide students and faculty with access to high-quality consulting resources and 

training for necessary business capabilities. This enables university spin-offs to be more attractive to 

private-owned venture capital firms. Another implication for universities is that financial support from 

universities ought to collaborate with private-owned venture capital firms for joint investment. The 

operational way of public guidance funds inspires universities to avoid squeezing investment room of 

private-owned venture capital on promising spin-offs.  

To remedy the problem of experience lacking in China‘s venture capital filed, private-owned venture 

capital firms ought to provide relevant experience and talents for governments and universities to 

facilitate the development of whole venture capital industry.  

A further study could be conducting an empirical study to examine the results of the impacts generated 

from universities and governments on the decision of investment towards university spin-offs given by 

private-owned venture capital. Another potential future research direction is to find more detailed 

information about the critical point through quantitative empirical study. The appropriate investment 

ratio of public funds on university spin-offs will be explored simultaneously. 
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In recent years, Colombia has developed rapidly its economy, moving from being a failed state and a 

lower middle income country to an upper middle income country (OCDE, 2013), with strengthened 

government institutions, greater security and justice, along with a dynamic economy that on the way to 

become the fourth largest economy in Latin America (OCDE, 2013). In a complex reality lived by the 

Colombian society, it is necessary  to look for methods to trigger and to accelerate the innovation and 

business creation to overcome big social problems such as unemployment, health deficit assistance, 

education, violence etc. This is the reason why the transformation of Medellin (The second largest city 

in the country, after the capital city, Bogotá, located in the Colombian northwestern) has started by a 

social and cultural revolution where the Triple Helix play of investor and policymaker about new ways 

of doing business. 

For a decade, Medellin has undergone a process of social, urban, cultural, and economic 

transformation, which has enabled the city to become internationally known a success story worth 

publicized and promoted. In 2012, Medellin was awarded as the City of the Year in innovation 

worldwide by the Citi Group and the Wall Street Journal, above New York, Tel Aviv, and a group of 

more than 200 cities initially nominated. 

The transformation of Medellin during the last ten years has five dimensions: 1) The urban dimension 

consisted on the physical transformation of the territory through real estate, infrastructure development, 

the urban intervention and the construction of new transportations systems. It made able to map the 

human talent needed by the city and professional skills in order to implement strategies that enable 

creation of business based on social needs, economic development and retention of talent within the 

City Government territory. 2) The business dimension promoted and strengthened local 

entrepreneurship, in order to launch them to the international arena. 3) The social dimension sought to 

include all citizens in this territory of knowledge by implementing a culture of innovation and 

entrepreneurship. 4) The innovation dimension looked for an integration between science and market. 

In the end, the implementation of a reformed budget for scholarships in basic and professional 

education had changed the mind of its inhabitants. 5) The governance dimension, which is transversal 

to the dimensions listed before, has been seeking to influence the improvement of its competitiveness, 

implementing a new policy to envision and carry out a comprehensive strategy that allows Medellin to 

become a city of knowledge. 
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The most remarkable result of this efforts, is a reduction of the homicide rate from 381 per 100.000 

inhabitants in 1991, to 24 per 100.000 inhabitants in 2014 (Alcaldía de Medellín, 2014). 

The Triple Helix thesis is that the potential for innovation and economic development in a Knowledge 

Society lies in a more prominent role of the university and in the hybridization of elements from the 

university, industry and government, to generate new institutional and social formats for production, 

transfer, and application of knowledge. This vision encompasses not only the creative destruction that 

appears as a natural innovation dynamics (Schumpeter, 1942), but also the creative renewal that arises 

within each of the three institutional spheres of university, industry and government, as well as at their 

intersections (Triple Helix Research Group, Stanford University, 2015). 

is context, and after this cultural transformation, the City Government has started a master plan to 

consolidate an innovation and entrepreneurship ecosystem in 2007 led by the University of 

Antioquia, under the name of Cultura E (―Entrepreneurs‘ Culture‖), Ruta N and Corporación 

Tecnnova. This innovation ecosystem has allies including universities, private companies and regional 

and local government. Tecnnova and Ruta N lead the model of Triple Helix in Medellin, encouraging 

the social and economic development by the active participation and construction of universities, 

enterprises, governments and society. 

Ruta N is a corporation created in 2007 by the agreement between the local government of Medellin in 

2007, UNE (the telecommunication enterprise of which the government of the city owns the 49% of 

the equity), and EPM (a fully equity the public services company own by the city and the second 

largest enterprise of the country), whose objective is to promote the development of innovative 

technology-based businesses that increases the competitiveness of the city and the region. 

This corporation pursues the consolidation of Medellin as a city of knowledge. Therefore, in order to 

increase the competitiveness of the city, it has undertaken the development of a technology district in 

the north of the city. This district will lead the foundation for economic development in this area, 

attracting companies related to science, technology, and innovation, especially in areas like health, 

energy, and Information Technology and Communications-ITCs. 

Corporación Tecnnova started in 2007 as a subsidiary of The University, Industry and Government 

Chapter of Antioquia Committee (UIG). The UIG was established in 2003 and whose technical 

secretariat exercises Technology Management Program at the University of Antioquia (the largest 

public university in the region and the second largest public university in the country). Its objective is 

to create a milieu for dialogue and business coaching, promoting entrepreneurship, innovation and 

partnerships for economic and social progress of the country. It involves 11 universities of influence in 

the region, 21 companies, 7 non-academic institutions of technological development, and other social 

institutions like National Association of Entrepreneurs –ANDI-, National Association of Small and 

Medium Entrepreneurs –ACOPI-, the education‘s bureau of Antioquia, among others. 

Tecnnova is a strategic partnership facilitating the connection of strength of characters and knowledge 
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among entrepreneurs, university managers, work unions, and local and regional governments. The 

objective of such connection is to formulate agendas towards engaging resources on research, 

development and innovation (R + D + i) to increase productivity and competitiveness in enterprises, 

through dialogue between these three development agent. 

It also articulates opportunities, needs and solutions holistically in the areas of science, technology and 

innovation. The corporation has a special character farther than being a simple trigger of Science, 

Technology and Innovation in the region, which provides the ability to make a difference with their 

competitors and other players in the national R + D + i system. As an organization, Tecnnova has the 

ability to connect knowledge between universities and businesses contributing to social and economic 

development of the city, region and country. This role has major implications in 

the promotion of the culture of  R + D + i by which it creates a viable relationship between 

universities, businesses and the government, by means of technological surveillance and promotion of 

spaces of discussion between the different stakeholders. 

Years after the beginning of this City Project, some of the most significant result of this transformation 

in economics are: 1) Between 2009 and 2012, the city and the regional governments invested more 

than 180 million dollars. 2) the patent application grew at 30% over three years. 3) Ruta N held more 

than 500 innovation and entrepreneurial events and promoted more than 50 start-ups. 3) Tecnnova 

managed research, development and innovation projects focused on a market‘s target, registered  ten 

patents application and guided more than 30  organizations to develop their market‘s strategy. Over 

the last decade, the Antioquia ś GDP grew by 4,4%, and the GDP per capita past from 2.862 USD in 

1995 to 7.712 USD in 2012. Between 2000 and 2012, the GDP per capita in Medellin marked a 

threefold increase. Public investment of the local and regional governments grew by 11% annually 

over the last ten years. Between 1995-2013, the regional exports were increased by 7,6% annually. 

In a social context, Medellín reduced poverty from 28% in 2008 to 16% in 2013, it increased coverage 

rates in higher education from 38% in 2005 to 53% in 2012, while the unemployment dropped from 16% 

in 2009 to 9% in 2014. Such numbers are a clear evidence of the strong relation between the 

development of Medellin during the last ten years and the principal role of the government, Tecnnova 

and Ruta N. 

The aim of this article is to analyze the role of the Triple Helix model on the social and economic 

development of the city, and to review the role of public policies and institutions on activating the 

development of knowledge-based economy and society. As a result, it suggests some policies and 

institutional considerations for emerging countries with fast-developing potential, such as public 

policies allowing long life term institutions driving Triple Helix model. 
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1. Introduction  

In recent years, Colombia has made major economic and social advances. Despite this recent progress, 

Colombia faces significant structural challenges associated with the concentration of economic activity – 

particularly exports - in a few sectors, low levels of productivity, and high inequality. Embarking on a 

path towards inclusive growth is vital in the context of successfully eradicating poverty, providing 

opportunities for its growing middle class and solidifying progress towards lasting peace. The road ahead 

to high-income status will be demanding and calls for major policy initiatives in areas such as education, 

innovation, infrastructure and rural development, as embodied in the New Development Plan 2014-2018: 

Everyone for a new country. Furthermore, the country needs to work towards bolstering government 

capacities, building strong institutions, and effectively mobilising domestic revenues to facilitate effective 

implementation of its public policy priorities. 

For a decade, Medellin has undergone a process of social, urban, cultural, and economic transformation, 

which has enabled the city to become internationally known a success story worth publicized and 

promoted. In 2012, Medellin was awarded as the City of the Year in innovation worldwide by the Citi 

Group and the Wall Street Journal, above New York, Tel Aviv, and a group of more than 200 cities 

initially nominated. 

The transformation of Medellin during the last ten years has five dimensions: 1) The urban dimension 

consisted on the physical transformation of the territory through real estate, infrastructure development, 

the urban intervention and the construction of new transportations systems. It made able to map the human 

talent needed by the city and professional skills in order to implement strategies that enable creation of 

business based on social needs, economic development and retention of talent within the City Government 

territory. 2) The business dimension promoted and strengthened local entrepreneurship, in order to launch 

them to the international arena. 3) The social dimension sought to include all citizens in this territory of 

knowledge by implementing a culture of innovation and entrepreneurship. 4) The innovation dimension 

looked for an integration between science and market. In the end, the implementation of a reformed 

budget for scholarships in basic and professional education had changed the mind of its inhabitants. 5) The 

governance dimension, which is transversal to the dimensions listed before, has been seeking to influence 

the improvement of its competitiveness, implementing a new policy to envision and carry out a 

comprehensive strategy that allows Medellin to become a city of knowledge. 

Under this context, Triple Helix institutions as Tecnnova and Ruta N on Medellín have been a dynamizers 

to accelerate the innovation and the socioeconomic development with social transformation in the region 

across incentives to interconnect the University with the Government and the Enterprise through Science, 

Technology and new market models. 

This paper is formed by four sections: 1) Background, 2) Methodology, 3) Tecnnova and Ruta N as Triple 
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Helix Institutions to Accelerate the Regional Socio Economic Development analysis, and 4) 

Recommendations with the aim to show the central role of Tecnnova and Ruta N as engaged institutions 

to accelerate the regional socioeconomic development in the city of Medellín. 

2. Background 

Throughout the twentieth and twenty-first century it had been proposed different theories and models to 

address economic development under the Western notion of progress emerged in ancient Greece and 

consolidated in Europe during the period of the Enlightenment under the assumption that the reason would 

discover the general laws which organize and regulate the social order so we can transform the benefit of 

the people (Valcárcel, 2006). 

The American sociologist Robert Nisbet in his book "History of the Idea of Progress" (1991) has made an 

historical meaning of progress monitoring for West since its Greek cradle to its setting against the reality 

of the Nazi concentration camps and the holocaust of Hiroshima and Nagasaki. Thus, in the introduction 

to his book writes: 

"The idea of progress claims that humanity has advanced in the past -from a baseline of primitivism, barbarism 

or incluse nulliy- and that is and will progress in the future. The transition from lower to higher is understood as 

real and as certain as any law of nature made. J.B. Bury in his book Idea of progress says it with a very apt phrase, 

the idea of progress is a synthesis of the past and a prophecy of the future. It is an inseparable idea the other is 

that time flows in a single line (...) The overwhelming majority of the greatest thinkers of Western history over a 

little more than 2000 years are in favor of the dogma of progress" (Nisbet, 1980) 

Von Hayek, the famous economist conceived economic development as the result of a process of creation 

and transmission of practical knowledge (Talavera, 1993), Michael Todaro from New York University, 

established than economic development is an increase in living conditions, improvement of the citizens 

self-esteem needs and free and a just society. A tipicall Business Dictionary offers this economic 

development ś definition: ―The process of economic and social transformation that is based on complex 

cultural and environmental factors and their interactions‖ (Development Definition, 2015) and the theory 

of leading German economist Joseph Schumpeter, established the modern development thinking with the 

idea that the way innovations occur and are absorbed by the economic system, is sufficient to explain the 

continuing economic revolutions that are the main feature of history economic, thereby emphasizing the 

key role of innovation in economic growth of countries. (Valcárcel, 2006) 

In the Oslo Manual, innovation is definied as the implementation of a new or significantly improved 

product (good or service), or process, a new marketing method, or a new organizational method in 

business practices, workplace organization or external relations. The minimum requirement for an 

innovation is that the product, process, marketing method or organizational method must be new (or 

significantly improved) to the firm. Innovation is the successful exploitation of new ideas and it goes far 
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beyond the confines of research labs to users, suppliers and consumers everywhere  – in government, 

business and non-profit organisations, across borders, across sectors, and across institutions (OECD, 

2005) 

The Oslo Manual defines four types of innovation: 1) Product innovation: A good or service that is new or 

significantly improved. This includes significant improvements in technical specifications, components and 

materials, software in the product, user friendliness or other functional characteristics. 2) Process innovation: A 

new or significantly improved production or delivery method. This includes significant changes in techniques, 

equipment and/or software. 3) Marketing innovation: A new marketing method involving significant changes in 

product design or packaging, product placement, product promotion or pricing. 4) Organisational innovation: A 

new organisational method in business practices, workplace organisation or external relations (OECD, 2005). 

Innovation is seen as an unstable process. While innovation It is usually unexpected isolated novelty, the 

important is the organization and control of production innovations relevant from the 

economic point of view or social. By Therefore, the interest is not focused on the phenomenon isolated but 

innovations in innovation ecosystems within economies based on knowledge ( de la Fe, 2009). 

In the Brookings Institute ś report “The Rise Of Districts: A New Geography of Innovation in America‖, 

Bruce Katz and Julie Wagner describe the Innovation districts like the ultimate mash up of entrepreneurs 

and educational institutions, and propose innovation ecosystem like a synergistic relationship between 

people, firms and place (the physical geography of the district) that facilitates idea generation and 

accelerates commercialization (see Figure 1). 

Figure 1 

 

 

 

 

 

Innovation Ecosystem 

 

 

 

 

 

Source: Katz & Wagner. “The Rise Of Districts: A New Geography of Innovation in America‖. 

Where Economic assets are the firms, institutions and organizations that drive, cultivate or support an 

innovation-rich environment. Physical assets are the public and privately-owned spaces— buildings, open 
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spaces, streets and other infrastructure—designed and organized to stimulate new and higher levels of 

connectivity, collaboration and innovation. And Networking assets are the relationships between 

actors—such as individuals, firms and institutions—that have the potential to generate, sharpen and 

accelerate the advancement of ideas. (Katz & Wagner, 2014) 

The Economist Intelligence Unit ś report “Innovation ecosystems: Empowering entrepreneurs and powering 

economies‖ define the innovation ecosystems to describe the role of independent factors working together to 

enable entrepreneurs and allow innovation to occur in a sustained way in a particular location (The Economist 

Intelligence Unit, 2014). 

By this way appear the Triple Helix`s model of University-Industry-Government (UIG from now on) 

relationships was impulse since 1990s by Henry Etzkowitz and Loet Leydesdorff encompassing 

elements to build on the thesis than the potential for innovation and economic development in a 

Knowledge Society had basis in a more prominent role for the university and in the hybridisation of 

elements from university, industry and government to generate new institutional and social formats for the 

production, transfer and application of knowledge (The Triple Helix Research Group, 2015). 

Through 20 years of conceptual development, they have strengthened ideas, projects and theories around 

the triple helix, and in this sense Stanford ś Triple Helix Research group proposed broadly seen from two 

main complementary perspectives: 

i) A (neo) institutional perspective which examines the growing prominence of  the university among 

innovation actors through national and regional case studies. This perspective propose three main 

configurations in the positioning of the university, industry and government institutional spheres relative 

to each other: 

“(i) a statist configuration (government plays the lead role, driving academia and industry; (ii) a laissez-faire 

configuration, (limited state intervention in the economy, with industry as the driving force and the other two 

spheres acting as ancillary support structures and having limited roles in innovation); and (iii) a balanced 

configuration, ( university and other knowledge institutions act in partnership with industry and government and 

even take the lead in joint initiatives) (The Triple Helix Research Group, 2015). 

ii) A (neo) evolutionary perspective, inspired by the Luhmann ś theory of social systems of 

communication and Shannon ś mathematical theory of communication sees the University, Industry and 

Government as co-evolving sub-sets of social systems that interact through an overlay of recursive 

networks and organizations which reshape their institutional arrangements through reflexive sub-dynamics 

(e.g. markets and technological innovations). 

These interactions are part of two processes of communication and differentiation: a functional one, 

between science and markets, and an institutional one, between private and public control at the level of 

universities, industries and government, which allow various degrees of selective mutual adjustment 

(Leydesdorff and Etzkowitz, 1996, 1998). 
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We realize the connection between innovation and development through innovation ecosystems in order to 

connect the triple helix ś institutions as Ruta N and Tecnnova with the Regional socio economic 

development. To this paper, we take development by two ways: 

1. Sustainable development refers to development that meets the needs of the present without 

compromising the ability of future generations to meet their own needs (World Commission on 

Environment and Development, (Brundtland Commission), 1987,  Our Common Future, Oxford 

University Press, Oxford, United Kingdom). 

Sustainable development requires taking into account simultaneous and balanced manner, social, 

economic and ecological interests under the consideration of aspects of intra- and intergenerational justice 

in participatory approaches to planning, management and policy. In this sense planning and land use 

planning can contribute significantly to the operationalization of sustainable development way (Weiland, 

1999). 

The definition of sustainable development also has several dimensions among which are: Environment: 

integrated resource management, Cultural: endogenous roots, traditions, diversity and cultural pluralism, 

Space: Objective distribution of economic activity, Economic: search efficiency in terms macrosocial: 

democratic and participatory Technology: growing clean technology. 

The basic principles of sustainable development are to establish a balance between economic growth, 

social equity and environmental sustainability; prioritize endogenous, self-management and 

self-regulation on Sustainable Development; and, considering the epistemological, economic, political, 

historical conditions of each region. 

2. Human development is define by the United Nations as  "the  expansion  of  people’s freedoms to live 

long, healthy and creative lives; to advance other goals they have reason to  value; and to engage actively in 

shaping development equitably and sustainably on a shared  planet. People are both the beneficiaries and 

drivers of human development, as individuals and in groups” (United Nations Development Programme, 2014). 

The Human Development focuses on improving the lives people lead, giving people more freedom to live 

lives they value. In effect this means developing people‘s abilities and giving them a chance to use them. 

Three foundations for human development are to live a long, healthy and creative life, to be 

knowledgeable, and to have access to resources needed for a decent standard of living. 

Human Development is, fundamentally, about more choice. It is about providing people with 

opportunities, not insisting that they make use of them. No one can guarantee human happiness, and the 

choices people make are their own concern. The process of development – human development - should at 

least create an environment for people, individually and collectively, to develop to their full potential and 

to have a reasonable chance of leading productive and creative lives that they value. 
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3. Methodology 

To our analysis we review the Ruta N and Tecnnova actions under the Triple Helix model and it ś 

neo-institutional perspective and balanced configuration, specific to the transition to a Knowledge 

Society, where university and other knowledge institutions act in partnership with industry and 

government and even take the lead in joint initiatives. 

The institutions that energize innovation as Ruta N and Tecnnova are hybrid organizations at the 

interconnections of each subsystem of the triple helix and impact sustainable and human development 

through products, services and innovative models for society as it is shown in the following figure. 

Figura 2 

 

Source: The Dynamics of Innovation: From National Systems and "Mode 2" To A Triple Helix Of University‑

Industry‑Government Relations. Henry Etzkowitz and Loet Leydesdorff 

Those hybrid organizations drive innovation through projects linking universities, enterprises and 

government through science and technology market, achieving innovation impacts positively impact 

socio-economic development of the region 

We review those actions to the Medellín, Tecnnova and Ruta N case with the aim to build some points 

where hybrid organizations can accelerate the regional socio economic development included in the final 

topic of recommendations. 

4. Tecnnova and Ruta N as Triple Helix Institutions to Accelerate the Regional Socio Economic 

Development analysis 

Socio-economic development of territories does not depend exclusively on business growth, since to 

develop the purchasing power of citizens and their welfare is necessary to use the benefit of economic 

growth to impact directly the bulk of the population. One of the most evident fact and need which has 

become a critical factor is education, as the business needs have evolved from a purely industrial economy 

to a service sector economy and technological developments of new business which are based on cycle 
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knowledge, trendily called ‗knowledge economies‘, demanding a new generation of professionals. 

Businesses have become more complex, based on science and increasingly dependent mathematical 

models that require trained staff that differ from current educational systems focused on technical training. 

Another important factor in socio-economic development is the interest of society to make a change, this 

cannot be generated if it depends only on the will of States, although it can be started through the efforts 

of governments. In Medellín a sociocultural experiment began in 2003, when the local government led by 

former mayor Sergio Fajardo, decided to invest surplus revenues of EPM (company own by local 

government) in the construction of Quality Schools, Parks-Libraries and urban renewal projects seeking to 

change the face of the city to a world class touristic city offering an investment option in Latin America. 

Those changes has mainly impacted the inhabitants of Medellin, who had leave behind the dark history of 

the Medellín 90s years, and believe in a better future for the city on a business level and quality of life. 

The new way of doing business in Medellin showed its benefits with a growth since 2003, high public 

spending combined with private investment positioned Medellin as a tourism destination fairs and 

business, to the point to put on so important meetings as The IDB Assembly and the UN Habitat Forum. 

Economic results support this task, considering it as the fastest growing city in Latin America, the city of 

the year by The Wall Street Journal and listed as one of ten Silicon Valleys of Latin America. These 

awards are the result of six years of work of the mayor‘s office for economic development of the of 

Medellín City and Ruta N corporation that are in charge of promoting the development of different types 

of businesses, especially those based on science and technology, driving and contributing economic 

growth and innovation. 

The emergence of this type of business today is not possible without a holistic approach, where businesses 

are primarily aimed at solving the needs of other businesses (named B2B), of governments and of citizens, 

using the knowledge generated by universities. This is where partnerships that articulate the triple helix 

become even more important because they help paving the way to market and promoting future success. 

In Medellin, the Development‘s Master Plan, considered the creation of a main institution called RutaN, 

which is in responsible to foster entrepreneurs, local government, private companies and universities to 

work for innovation in a classical approach, looking for wealth creation in order to strength new business 

and to reinforce actual existing companies. As we understand the Triple Helix Model‘s labor, it is 

necessary to act (at  least)  at  two  different  layers:  a)  Strategic:  planning  strategies  about  

how  the  model  will 

influenced the evolution of the business and education, and b) Operational: the operational form and how 

the relation between the stakeholders will effectively will get to the market. In Medellin, we identify as the 

main organizations working at those two layers are respectively Ruta N and Tecnnova. 

 Ruta N 

Created in 2009 as part of the Master Plan of Science, Technology and Innovation, which aims to create a 
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new economic dynamic in which science and technology are the basis to ensure the welfare of the 

inhabitants of the city with many problems that compromise their life quality. In 2012 the city council 

approved spending 7% of ordinary surplus of EPM in the STi plan as a financial support and for the 

creation of an innovation district. This district is not a simple city sector or a business complex, but a spot 

where different stakeholders can constitute an innovation, science and technology ecosystem. An 

ambitious initiative of the local government where public resources, capabilities and entrepreneurs come 

together with the creative potential of universities. In this spot have joined EMP, UNE, HP and UdeA 

anchor institutions that promote economic growth and innovation with private companies, local 

organizations, universities and citizens. 

In 2014, Ruta N obtained remarkable results in different fields: On social innovation, the bulk of 

inhabitants has been involved in innovation projects mainly thanks to the Great Deal for Innovation, a 

program where companies, citizens and organizations signed to adopt innovation process in their 

economic activities. Invested in education of 3500 engineering and mathematics students to solve world 

class problems, were consolidated US$200000 to strength 50 new business opportunities, 40 companies 

has reached international markets thanks to exporting programs, 1133 jobs where created by the landing of 

51 companies in the Ruta N‘s Innovation district, six new projects from SME reaching sales for 

US$10000 (RutaN, 2014). In 2013, Ruta N managed 28 innovation projects about energy, health and ICT 

(RutaN, Informe de Gestión 2013). Finally, the STi master plan invested US$ 25 million finance strategic 

projects, primarily in health, 118 projects funded and tested to go to market. 

 Tecnnova 

Tecnnova born as a corporation in 2005 as a way to expedite the transfer of technologies and capabilities 

from its partner universities through the initiative of the committee university-business- government. 

Years later the vocation to connect solvers to business needs became more palpable with thee regional 

technology transfer center in 2015, which is not only interested in bringing to market the product of 

universities, but also to boost the economy of the region by fostering the applied research to different 

stakeholders, enabling rapid adoption of the market. Tecnnova has not only focused on technology 

transfer, it has also conducted market researches and intelligence analysis towards profitable business 

model structures from Ruta N‘s STi Plan. 

In a broad sense, the two corporations play a role of facilitators of economy development at different 

scales, and performing their operational labor at different layers or level in the management of financial 

and human resources fostering the pool of different stakeholders who need technological and scientific 

development to hold their market share. The two corporations has the same objectives about to their 

responsibilities face to society and economic development, but working on different layers. The biggest 

proof of this is the Plan STi Observatory, a project designed to identify business opportunities around the 

world, using the capabilities of the private companies and universities from Medellin and then to build an 
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industry based on those opportunities and capabilities. The Plan was conceived by Ruta N at STi 

department and was executed by the Medellin‘s Technological Watch Network managed by Tecnnova. 

This Plan hasn‘t finished yet, but is a new way to create wealth in Medellín while its innovation district is 

becoming more important to the economy of the region. 

5. Recommendations 

The Economic Commission for Latin America Nations (CEPAL) says: 

"Innovation is a central element in the development strategy, defined as a dynamic process of interaction linking 

agents working guided by market incentives (such as companies) and other institutions (such as public research 

centers and academic institutions) They are acting according to strategies and rules that respond to other 

mechanisms and incentive schemes. Systematic linkages and interaction between actors and economic and 

institutional infrastructure that each country is able to develop, determines its ability to capture the momentum 

that knowledge gives to production and makes it into a virtuous circle of growth. " (CEPAL, 2006) 

And it ensures that more and more countries invest more in research and development (R & D). Between 

1990 and 2003 global spending on R & D has grown by approximately 40%, from 500,000 million to 

almost 750,000 million (in constant 2000 dollars). United States, Germany, France, UK and Japan are the 

major players and account for 66% of total world output. From 1990 to 2003 emerging economies have 

sharply increased their investment in R & D (eg China accounted for 3.3% of total expenditure in 1990 

and in 2003 their share reached 8.4% of the world total). Latin America, on average, investment has 

remained constant (around 0.5% of GDP) and its contribution to total global spending (around 2%). 

In general and according to all the institutions reviewed triple helix as Tecnnova and Ruta N are powerful 

engines that energize the embodiment of innovation and a direct impact on sustainable and human 

development. 

The transmission of the impact of innovation from these hybrid organizations on development it is by the 

interconnection of different stakeholders with public policy incentives, government and private funding 

and the development of projects by communities in the neighborhoods of the city, generating continuous 

innovation empowering. 

The Ruta N and Tecnnova success in Medellin is because are collective initiatives and particularly Ruta N, 

is a government initiative promoted by an integral public policy innovation across the city development 

plans, which has given him a long-term sustainability to keep across the time and the political changes to 

really create dynamic culture and market innovation in the region. 

Triple helix relations are not simple to create and to manage because of the own individual interest of each 

one of the stakeholders in an innovation‘s ecosystem. The main goal in an innovation‘s ecosystem is to 

drive the economic growth while each of the stakeholders is beneficiated and strengthen to pursuit its own 

objectives. To accomplish this statement, policy developers, project managers and chiefs of governmental 
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offices has to build up a strategic plan where everybody involved in the process can achieve profitable 

results. This is especially important in developing countries where universities has no a large tradition of 

scientific or apply research, this make harder to build a new triple helix relation where the fund invested 

by companies or the government itself is in danger to be squandered and to not produce a marketable 

product due to the lack of experience in innovation management of the whole triple helix relationship and 

stakeholders. 

In addition, we conclude, a successful triple helix relationship can only be considered as successful if it 

produces more jobs, a higher economic growth and marketable products, services or policies, to ensure the 

strengthening of existing and emerging companies and people‘s welfare. This could appear spontaneously 

as the ways it does at Silicon Valley, mainly due to the large experience and capital of the companies 

deployed in that territory. This is the reason why we argue that the lack of experience and envision of 

some triple helix relations at developing countries, because new products are not conceived to rapidly 

conquer the market. In consequence, is evident there is a gap between scientific and technological 

capabilities and business opportunities that should be filled by 

an organization only interested in focus the efforts of developers to ensure a successful lunch to the 

market. 

From the reason exposed above we identify some important points to accelerate the regional socio 

economic development: 

1. We argue that layered work of organization like Ruta N and Tecnnova can fill those gaps, making an 

alternative option for those countries or territories which doesn‘t have the experience or the envision to 

close the gaps for themselves. A proof of this is the results of the Plan STi in Medellin, conceived by Ruta 

N and executed by Tecnnova, found some worldwide business opportunities based on the inner capacities 

of the Medellin Region. Today, new strategies to make real those business opportunities are in developing 

phase. 

2. Layered work is necessary, to ensure the political and budgetary influence by a wide regional 

organization as Ruta N, and a recognized technical organization to influence the operative labor within 

universities and companies. 

3. Developing countries face two mayor challenges at innovation management, the first is the lack of 

experience and envision of the stakeholders, and the second is the lack of articulated work and objectives 

far from market goals or economic growth. To prevent falling in this pit, we suggest to deploy 

decentralized organization which can develop strategies over a territory supported by another organization 

which can execute that strategy. It is important to keep separated those two organization to ensure an 

adequate influence over the stakeholders. 

4. Hybrid organizations as Tecnnova and Ruta N are very efficient and generate fast and sustainability 

impact over the society into the innovation ecosystems because include in his actions de interconnections 
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between University, Enterprise and Government. Through incentives for the development of joint projects 

in which the basis are science and technology will be generate major economic impacts that benefit 

society through better products and services, employment opportunities and boost the interest in social 

mobilization through the education. 

5. The development of innovation ecosystems in regions according to the characteristics, needs and 

capacities of the territory and society is key to begin the dynamics of innovation and regional development 

acceleration. 

In this context, it is recommended to focus on the promotion of innovation ecosystems and hybrid 

organizations that lead and revitalize on the basis of: 1) generating innovation culture 2) design and 

establish long-term policies that promote innovation easily such as government purchase of services with 

innovative content, 3) public and private incentives to innovation through demand and supply of services 

and products with scientific and technological content, 4) human capital connected to the demands of the 

regional market ecosystem and 5) projects among different stakeholders as fundamental basis of 

innovation and sustainability. 
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1. Introduction  

Business venture and its regulation are the important elements of an effective economic policy of the State 

in the age of global technological and financial space.  In modern terms, the cost-effectiveness and the 

ability of the adequately ensuring its citizens by the necessary conditions for a decent life, development 

and prosperity are the important identifiers of the country input into the global system.  

The venture market originated in the United States (the late 50-ies), and rapidly conquered all advanced 

countries in the field of high-tech products, participating in the global division of labor. The venture 

capital acquired different forms in different countries, depending on the speed of development, as well as 

the characteristics of the economic structure of the country. However, in any State at all stages of 

development the main objective of venture capital is to achieve profits through the venture capital 

investing into the innovative product or process.  Smooth and precise of the investment mechanism 

depend on such factors as legislation, taxation, financing, education, intellectual property protection, 

domestic demand, and infrastructure.  

Venture capital and venture business, in general, are regarded as the main engines of the modern 

development of high-tech business.  Despite the specificity of the economic development of different 

countries, it is necessary to study the venture sector in terms of the government regulation, as well as the 

combined contribution into the venture capital on a global scale.  

2. Methodology 

In the course of the study, authors used systematic approach and multilevel analysis as a methodological 

investigation basis of the main problems of venture capital at the Russian market.  

3. Research focus  

Venture capital, as well as its importance and position in the economic development of the country depend 

largely on the policies of the State, aimed at supporting and promoting this sector. In practice, the State 

wins together with the participants of the process of investing when such policy of supporting the venture 

business is balanced. Despite the specificity of each country, developed countries measures of the 

effectively supporting the business venture are the basis for the application in the required proportions by 

the fast - growing countries. 

Based on the theoretical aspects of the venture business, as a rule, there are two forms of venture 

entrepreneurship - an independent venture businesses and projects of major companies. Usually risky 

business functions in the form of small innovative enterprises. Founders ' personal savings can be a 

start-up capital, but as a rule the own funds are insufficient for transferring the ideas into action. Therefore 

there is a need for a loan from the bank, however, the bank generally does not issue credits for risky 

projects, in which it is difficult to calculate the possibility of repayment by the due date. It is for this 
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reason the most of the innovators are turning directly to venture investing and such investors without 

credit support fund the prospective risk projects. The innovative divisions of big companies to explore 

new markets implement internal risk projects. In some cases, such divisions can be reorganized and 

separated for the mass release of the developing product.  

There is also an intermediate form between the risky business and internal innovation projects – joint 

enterprise on the bases of a large company and a small company-innovator. A small firm develops new 

products, and large company funds the innovative design, provides the equipment, helps to establish sales 

channels, and takes care of the after-sales service [Litsareva E. Marketing- the foundation business 

strategy, P. 24]. 

The main difference between the mechanism of venture business financing and traditional models of 

entrepreneurship support is the necessary funds may be provided under the perspective idea without 

guarantee property or other assets of the entrepreneur. The only guarantee is the shares proportion of the 

existing or the newly created firm.  It is possibly the losing money if funded project does not bring 

expected results after the realization. Venture capital investors share the responsibilities and financial risk 

with an entrepreneur. The interest of venture investors is to gain profits from their investment significantly 

higher than the free financial resources hosted at the bank deposits or securities investments with fixed 

income.  

The investors actively participated in the management of the funded projects at all stages of their 

development, from the starting with the expertise of entrepreneurial ideas to ensure the liquidity of newly 

created company shares. In the world practice of the business venture, there are special technology 

selection and maintenance of risk investment projects, including the recommendations of the management 

science and the skill of professional venture capital investors. Even in the conditions of result uncertainty 

the venture funds are willing to invest in new high-tech developments and fund new projects, because it is 

the new products can bring the greatest profit [Mityakin P.L. The possible ways of business venture 

promotion]. 

The investment of the venture project is the optimum mechanism for the promotion of high-tech products 

at the domestic and foreign market. The main components of an effective investment mechanism are: 

Legislation - the existence of legislative acts, regulating the relationship between the all members of the 

innovation project, taking into account the possibility of foreign investors participation, 

Taxation - taxation policies, aimed at easing the tax burden of the new business, carrying out the 

developments in the field of IT-technologies, biotechnology, communications, transport, etc., 

Financing - the functioning of the national capital in the venture sector of the country, a stable and 

developed financial system, financing the venture sector of the economy, 

Education - development of training programmers for managers of innovation sector and venture 

enterprises, convergence of the technology sector with management sector,  
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Intellectual property protection - registration terms of patents for industrial designs, utility models, 

inventions and conformity with the international law in the field of intellectual protection  

Domestic demand - the presence of customers, interested in purchasing the high-tech developments and 

high-tech products within the country, stimulation of the domestic demand, reliance on private customers, 

rather than on the State, 

Infrastructure - developed information space, the existence of the necessary structures in the form of 

laboratory and consulting centers (advanced examination of projects). 

The Russian Federation has recently launched a venture capital market, but demonstrated high rates of 

venture sector development in recent years and a big share of State involvement into the establishment and 

support of venture investing. The State plays a big role in determining the direction of venture capital 

markets development, designating the positions and a power of the venture sector players, and is the main 

investor of risky projects. That is why the position of the Government is important not only in terms of 

regulation and in terms of support, but as an indicator of the sustainability of the venture capital market in 

general. 

The following types of State support are the most effective in terms of promoting the development of 

venture business in Russia:  

- Government direct investment in priority projects  

- Insurance and other security forms of the venture funds investors, investing in technologically oriented 

companies. 

- An effective protection system of the intellectual property rights  

- The formation of an effective communicative environment [The development of venture investment in 

the Russian Federation]. 

The concept of business venture takes its origin from the time of transition to a market economy and the 

presence of the venture capital at the market of the Russian Federation is connected with the need for 

alternative financing of private business in the sphere of high technologies, innovative solutions and 

science-intensive production. However, the external factors have become a stimulus for the formation of 

this trend in Russia. This was due to the necessary of Russian business inclusion into the international 

economic trends and technologies, as well as the transition to the accelerated development of its own 

economy, which was not possible with the exclusive participation of States in the stimulation and 

promotion of these economy and science sectors. It should be noted that venture capital was born and 

developed in the Russian Federation in conjunction with the Bank's capital, and then - together with 

private investors, called ―business angels‖. Besides that, the main sources of funding the innovative 

projects at the time of their birth have been traditional financial institutions and "business angels". The 

connection between innovation products and consumers is a key function of venture capital in the process 

of stimulating innovative sector, so, in this, the activity of the venture funds is different from the bank 
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financing the development of the high-tech products and implementation of such perspective projects in 

the production.  

At the first stage (1993-1999), the venture capital funds were established in Russia, mainly on the 

initiative of the European Bank for Reconstruction and Development (EBRD), as the regional Bank Funds. 

The work of established funds was clearly governed by the terms and conditions on which they were 

created [Gladkih I. V., P. 9]: 

- Investments were possible solely by issuing new shares; 

 - Share of the EBRD should be within the 25.1-49.9%; 

- Investments were not permitted in the liquor companies, the tobacco industry and industries related to 

the production of weapons; 

- Investments were not permitted in financial services, banking and insurance activities 

During the period from 1994 to 1996 11 Regional venture funds were created on the partnership between 

the European Bank for Reconstruction and Development, which has contributed 310 million dollars to 

equity capital financing and donor countries (France, Germany, Italy, Japan, the United States, Finland, 

Norway and Sweden), which have contributed 207 million dollars in the form of grants. Besides 11 

regional funds of the EBRD, three American Fund and five funds, established jointly by the European 

Bank for Reconstruction and Development and the International Finance Corporation, started its activities. 

These funds invested into the companies of the market-oriented consumer goods or products of the 

everyday using. The science and technology sectors were not affected by the investments, except in some 

cases. During this period, there were a high rate of the mechanisms for the functioning of the business 

venture implementation and a high percentage of foreign company‘s participation in the establishing of 

Russian Federation business venture. Consumer orientation as recipients of venture financing, low 

coefficient of return on investment, high risks for foreign investors and the lack of State participation in 

the establishment of mechanisms for the venture capital business functioning were in those times too. 

With the arriving a new funds at the Russian market, the non-State sector organizations formed, including 

the Russian venture capital Association (RVCA). The main purpose of the Russian venture capital 

Association has been promoting the establishment and development of venture industry in Russia. 

There were the conditions when it was possible to create Russian venture capital funds at the expense of 

major Russian banks and diversified holdings. However, the crisis of 1998 interrupted the favorable 

development of the business venture and raised the issue of liquidity risk of the investment. More than 

half of the 40 venture capital funds and private equity funds, operating in Russia, ceased operations. The 

EBRD regional venture capital funds have been consolidated through mergers. Only three groups, 

controlled by the German "Quadriga Capital (Saint-Petersburg, the central part of Russia), the Dutch 

"Eagle "(Ural, Kazakhstan) and Scandinavian "Norum "(West and Northwest regions) have remained from 

the 11 EBRD regional venture capital funds to 2001.  
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During the 2000-2006, there was the formation of the venture business necessary infrastructure with the 

support of the State. In the spring of 2000, the Venture Innovation Fund has been established. [The basic 

directions of the development of high-risk projects extra budgetary funding (System of venture investment) 

in science and technology in the 2000-2005 periods]. Its aim was the creation of venture investment 

system and the establishment of new investment institutions with Russian and foreign capital.  Venture 

Innovation Fund initiated the establishment of regional and sectorial venture capital investment network of 

institutions, involved in direct investment of the innovative projects.  

There was the State support of venture fairs system where a business was an object of presentation and the 

share of the company was the subject of the auction. The main task of such fairs was the establishment of 

a communication platform on which the technology companies got the opportunity to submit its business, 

products, a niche market, and the financial perspectives for venture capitalists. At the same time, the 

investors could assess project submissions from the investment point of view based on quality 

management, product or technology prospects, commercial viability and growth potential. The 

professionalism and management skills were the decisive factors for venture investors in choosing the 

most attractive company.  

Companies attended the fairs both at the stages of business expansion and at the diversification. Such fairs 

attracted the major Russian and foreign investors, and the newly formed company, in which business 

angels and venture capital funds, working with companies in the early stages were interesting.  We can 

note the following venture capital fairs:   Eniseyskaya venture fair (Krasnoyarsk); Kazan venture fair 

and TechTour 2013 (Kazan); the Russian venture fair and Siberian venture fair (Novosibirsk); Don venture 

fair within the framework of the international business forum on Don (Rostov-on-Don); Baikal venture 

fair (Irkutsk)[ Venture capital fairs. Official website of the Russian venture capital Association]. 

In general, this period of venture business formation in Russia was marked: the diversification of 

financing sources for the risky projects; the proportion increase of projects aimed at the production of 

import-substituting products; the introduction of additional forms of cooperation between the developers 

and investors (venture fairs). 

A qualitatively new stage in the development of Russia venture industry began in 2006 and the State 

programmer of supporting the venture capital funds was established. More than 20 private-public venture 

funds were created (programmer of the Ministry of economic development of the Russian Federation, the 

Russian Venture Company and ROSNANO). The network of ―business angels‖ was folded (the National 

Association of Russia business angels (2009 г.),
 
the Commonwealth of National business angels (2006 г.), 

the Association of business angels ―Start-up investments‖ (2006 г.),
 
The St. Petersburg Association of 

business angels
 
(2008 г.) etc.  

In 2010, the aggregate amount of capital, accumulated in funds, operating at the Russian market of direct 

and venture investments, increased relative to the previous period approximately 10.5% and reached about 
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16.8 billion dollars (15.2 billion - in 2009 year). In whole it may be noted that the growth rate of capital 

funds increased slightly in comparison with the crisis of the entire industry in 2009, when the industry 

grew was 6% with respect to the level of 2008[Market overview: direct and venture investments in Russia 

in 2010].  

Today the venture sector of Russia economy is in a stage of transition to a balance between State and 

business participation. For the support of innovative companies at all stages of the development, from the 

idea to the self-profitable business, Russian Venture Company (RVC) was established in June 2010. [The 

main provisions of the ―Russian venture company‖ development strategy, 2009].  Russian Venture 

Company is engaged in the expertise of projects, providing innovative projects by the private funding and 

the establishment of communication with potential suppliers of ideas. The crucial point, characterizing the 

Russian support practice for the innovation and entrepreneurship venture, is the widespread use of 

public-private partnership mechanisms. So, the Russian Venture Company said about buying shares of 

Kuzbass regional venture fund [The State guarantees the Risks]. 

The tax policies of the State and tax preferences are the special regulation measure of venture capital 

sector in Russia. Tax preferences for business venture in the most Russia‘s subjects take the form of 

regulatory legal acts, establishing tax benefits for investors. Currently, the majority of tax benefits for the 

investors are the income tax expense and property tax. As a rule, the investment tax benefits are granted 

for a period, not exceeding the period of recoupment of a project, and the amount, saving by reducing the 

tax payments, cannot exceed the amount of the initial investment in the project. Subject‘s Government has 

the right to establish additional conditions for the provision of benefits (employment of subject residents, 

infrastructure development, etc.). A limited part of State territory, on which there is a special mode of 

business activities with the provision a certain tax, customs and other benefits for the residents, is a special 

economic zone (SEZ)[The Russian Federation Government Decree N 116-ФЗ of the 22nd of July 2005 

"On special economic zones in the Russian Federation"].  

The State gives special legal status to each Special Economic Zone (St-Petersburg, Moscow (the city of 

Zelinograd), Moscow Oblast (the city of Dybna) and Tomsk Oblast (the city of Tomsk), which gives 

investors of such Special Economic Zone a number of tax benefits and customs preferences, as well as 

access to the engineer, transport and business infrastructure. During the implementation of projects,
 

Special Economic Zone investor‘s costs were on average 30%-40% lower than the national average of 

indicators [Litsareva E. The integration of Tomsk as a Siberian technical – innovation region into the 

economic global system: Russian Government strategy, obstacles for the Market development and the 

local specificity of the "Siberian Athens", P. 15]. For example, there were costs‘ decreases for 

organisations-residents of the Tomsk Oblast Research and Innovation Special economic zone and 

preferential system of taxation. Total decrease in costs – 23%-30% and company profit tax-20% instead of 

24% [The Tomsk Oblast Research and Innovation Special Economic Zone. Tomsk Oblast Administration 
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2006]. However, there is no in Russia the special tax regimes for private investors and non-State venture 

funds. This complicates the process of the perspective projects financing and promotes the development of 

informal financing channels. 

In general, the official position of the Russian Government, as to the support of venture business, does not 

provide in official documents. But the special document of Russian Government - "The strategy of 

innovative development-2020‖, adopted December 8, 2011, defines the main factors of rising the 

high-tech products competitiveness and aims to enhance the role of innovation in the economy on the 

basis of venture business. There are following among them: innovative business; innovative people; State; 

globalization; infrastructure; effective science;  territory of innovation (definition of the mechanisms and 

the beginning of real support to regions-innovative leaders, the formation of the territorial centers for 

generation and commercialization of knowledge based-centers, academic towns); politics (radical 

increasing the efficiency of the Russian Federation Government policy of the development and 

implementation of innovations) [Innovative Russia-2020, P. 161].  

It is necessary to take into account that the research and innovation activity includes scientific and 

technical products creation and sale, working over the production till the stage of its industrial use, 

including manufacturing, approbation and pilot lots sale, as well as the creation of software, systems, 

dealing with the collection, reprocessing and transmission of data, systems of distributed computing and 

service rendering in the area of application and servicing of such products and systems.    

Experience has shown that in Russia the role of the State in supporting and encouraging venture capital 

investment is extremely high.  It is connected with the Russian business environment in general and 

venture capital sector in particular. The State is the primary regulator of risky projects, because of lack of 

transparent conditions in the ―investor-seeker‖ relations that is a negative. Control over the activities of the 

venture industry participants is concentrated in the hands of the State. The risk of official‘s corruption, 

falsification of the examinations results, and violation of the competitive selection terms are increased. 

In addition, the distribution of the investments by the State shows the imperfections of the communication 

systems between the Center and the regions in the process of investments allocation in the Russia. Central 

and Privolzhsky Federal districts receive the main part of the investments, which significantly exceeds the 

funding in other subjects of Russian Federation.  

Schedule 1. The relative share of investment in different federal districts in total investment capital 

(in%)[Review of the market. Direct and venture investments in Russia in 2010, P. 44]  
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The main share of venture capital investments in Russia are distributed in accordance with global trends of 

support the starting business: information and Internet technologies and services, biotechnology, medical 

technology, health, pharmacy and electronics. Chemicals and telecommunications, energy and industrial 

production, which are the pillars of the country's infrastructure, significantly are behind. Venture capital 

investments in the field of financial services, consulting and education, transport and construction are also 

small.  

At the same time, it should be noted, that the venture business support policy, primarily, aims at the 

investing the business areas and products, which are topical current abroad.  The internal problems of the 

country's economy do not occupy the key positions in financing. Beside that, the policy does not provide 

sufficient support for the establishment of private consulting companies and educational institutions. 

Business angels are the most important class of the investors, filling the gap between the initial attachment 

of company‘s owners and further sources of funding, such as a traditional venture capital, bank financing, 

and placement of shares at the stock exchange. Business angels use venture investment mechanism in 

accordance with funding is provided for a company share (shares) during a long period, usually from three 

to seven years, without collateral and guarantees. The business angels do not receive any dividends from 

the financed project before the expiry of this period.  The emergence of business angels and private 

investing of the risk projects are largely due to the need to minimize the bureaucratic processes, 

optimizing the quality of the best ideas selection process and increasing the activity of innovative 

developers. Business angels act individually (accompanied by team, but under the own name), and join in 
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groups attracting the experts and specialists to undertaking a comprehensive examination of the projects. 

Today, business angels play a very small role in the development of the venture business in Russia, 

because the venture business infrastructure has not yet reached the necessary stable level of organization. 

The entrepreneurs finance risky projects, as a rule, on its own initiative. There is not the transparent and 

clear schema of mutually beneficial interaction between the State and the enterprise.  This makes it 

difficult to attract private investors to innovation business. In this circumstance, the business angels lose 

the ability to make a profit; developers are unable to find an investor for the introduction of products into 

market and making a profit. As a result, it is not possible to create a new economic order, based on the best 

business ideas development and implementation. 

In whole, the venture Russia sector until is in a state of imbalance.   Many elements do not function or 

poorly connect with each other, or not available at all. The infrastructure of Russian venture market is not 

enough; the system of Government support measures has no fundamental base and real incarnation, but 

has declaratory nature, that is expressed in concepts, official statements, draft laws; individual investors 

support, mostly, has declaratory nature too; there is low impact of the technology parks and business 

incubators; investing in "start-ups" occurs, to a greater extent, at the stage of the product emerging at the 

market when risks are reduced; the current macro economic environment and mentality of the Russian 

business community do not allow to develop such thing as ―business angels‖ sufficiently. In Russia, the 

legal framework is weak and the dependence of the country's venture capital markets from foreign capital 

is high. Russia needs special trained personnel of innovative sector managers and consulting company on 

assessing the possible risks of projects. 

Thus, the current problems of Russia venture business can be divided into the following groups: 

- Organizational-structural (legal regulation of relations in the venture business, infrastructure problems), 

- Human resources (lack of staff with the necessary knowledge and competencies), 

- Information (the weak link between the subjects and objects of the venture business), 

- Problems of taxation (the lack of a clear State aid scheme for innovative enterprises as well as private 

investors), 

- Weak policy of the investment stimulation into the "start-ups", 

 - Low liquidity. 

The development of innovative environment is an important element of public policy. Government, 

business, academic and non-governmental organizations should be involved in working out and 

implementation of the economic policy and the national strategy on an equal footing. Industrial policy 

should be an essential part of the national strategy. The specificity of Russia in this regard is due to the 

current economic situation, financial condition and business environment. The priorities of the States 

industrial policy must conform to world trends, namely - increasing the value of high-tech industry 

branches with high benefit by reducing the role of the traditional resource-intensive industries.  The main 
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factor of sustainable economic growth is creating the conditions for the transition to the knowledge-based 

economy with a decisive role of the production, distribution and use the knowledge and information. It is 

possible for Russia to invest in those areas that give the opportunity to modernize production, increase the 

competitiveness of Russian products at foreign markets by creating new technologies, expanding the 

products market of domestic manufacture.  Therefore, it is necessary to create the conditions for a 

transition to a policy of national efforts concentration and the support of competitive companies in the 

microelectronics, instrument engineering, aviation, rocket and space industry. The model of relying on its 

own scientific and technological potential and using foreign capital and technology is the best option for 

the Russian Federation, taking into account objective tendencies of the national economy development. In 

this case, there is necessary to support the Government in financing the economic priorities; reforming the 

educational system; creating and supporting a "special economic zones" for enterprises, engaged in 

innovation activity; developing the major holdings (integrated business groups and corporations) and the 

innovation infrastructure (science cities and science centers, technology parks, business incubators, 

University educational centers, the establishment of venture capital funds). 

4. Conclusions  

Thus, public and foreign investments and the Government policy of local and foreign business stimulation 

play a decisive role in the development of the economies. The formation and development of the venture 

market in Russia have been on the significant presence of the foreign investors. The infrastructure of 

venture business initially was poorly built that lead to great risks for internal (not significant participation 

of the domestic investors) and foreign investors (low profitability, high risks).  Such funding sources as 

non-State funds, private investors appeared because of the lack of enough Government effective system 

support for venture capital projects. Russia has a weak legislative base as to the venture business, so it is 

necessary to develop a set of measures to enact legislation, governing the relationship between the main 

participators of the venture market. With the rapid scientific and technological development and the 

transition to innovative technologies, the investors ' attention has shifted from investing in the 

development of consumer products to high-tech products.   

Venture project investment is the optimal mechanism of the promoting high-tech products for the domestic 

and foreign market. So the State measures for the stimulating the venture investment, supporting small 

business innovation, reducing duties on manufacturing equipment and developing the technological 

clusters would inevitably lead to increasing the efficiency of the Russian economy as a whole. 
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selecting a sample of Chinese non-financial listed company data from 2007 to 2012, this paper undertook 

an empirical study on the leverage of tax incentives on technological innovation in an enterprise. The 

study found that tax preference exerts a positive effect on stimulating enterprises to invest more in 

innovation in general. The weaker the level of product market competition, the more remarkable the effect 

of tax incentives; the higher regional marketization process, the more remarkable the effect of tax 

incentives. Analysis of property rights indicated that tax incentives mainly exert leverage on private 

enterprises. In addition, the lower the degree of factor market distortion, the more remarkable the tax 

incentives’ effect. Therefore, the Chinese government should not only relieve tax burden by means of tax 

reduction and carry out more powerful tax incentives, but the government should also promote enterprise 

R&D innovation by means of proper limitation of industry competition and effective promotion of regional 

marketization processes. 
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1. Introduction  

Technological innovation is a driving force for a country‘s overall innovation, as well as a decisive factor 

of economic development (Jiang Feitao and Li Xiaoping, 2010; David et al., 2000) 
[1-2]

. After 37 years of 

rapid economic growth, the Chinese economy has stepped into the important stage of industrial structure 

adjustment. In order to comprehensively improve enterprise innovative capacities, which can promote the 

transformation and upgrading of relevant industries, the Chinese government successively adopted tax 

preference and R&D subsidy. 

However, so far, researchers have focused primarily on factors that affect R&D innovative subsidies and 

the mechanisms that show how R&D innovation subsidies influence enterprise innovation. Non-Chinese 

scholars such as Arrow(1962), Levy (1990), Gonzalez, Pazo (2008) and Carboni (2011) hold that 

governmental subsidies on enterprise R&D innovation stimulates and promotes enterprise investment on 

innovation such that the innovation scale of enterprises themselves and the whole society can be enlarged. 

Crowding-in effect and positive externality
 [3-6] 

is also evident. Chinese scholars including Lu Guoqing et 

al. (2014)
 [7]

 hold the view that such factors as asset-liability ratio, proportion of independent direction, 

integrated lever coefficients, asset ratio of shareholders, and stock-holding proportion of first shareholders 

have remarkable influence on implementary performance of governmental R&D innovation subsidies. 

Yang Yang et al. (2015)
 [8]

, using China‘s industry and enterprise data base, discovered that governmental 

subsidies exert more influence on enterprises in regions where factor markets are distorted, while 

governmental subsidies for private enterprises exert more influence on enterprise innovation performance. 

Xing Pei et al. (2014) found that with the decrease of scale and the reinforcement of competition in 

product markets, the influence of R&D subsidies will be more effective
1
.  

For the relationship between tax incentives and enterprise investment in innovation, existing literature 

mainly concentrates on the relationship between tax incentives and investment in R&D. What‘s more 

interesting is that the conclusions of existing literature are not uniform. Researchers such as Eisner et al. 

(1984), Berger (1993) and Hall (1995) hold the view that tax preference has a positive stimulating effect
 

[9-11]
. Meanwhile, Dagenais et al. (1997), Bloom el al. (2002), Guellec and Pottelsberghe (2003) believe tax 

preference has a mainly long-term stimulating effect
 [12-14]

. Xia Li (2012) 
[15]

, after an empirical study of 

179 listed companies in growth enterprises market, discovered that reduction of an enterprise‘s income tax 

rate stimulates the investment intensity of enterprise R&D expense, as well as the increase of the quantity 

of patents. Meanwhile, Li Linwen and Guo Cunzhi  (2012)
 [16]

 discovered that the tax incentive policies 

towards high and new technology companies in China have a positive effect on increasing investment in 

R&D. However, it has no remarkable effect on R&D output, speed, or the scale of industrial development 

                             
1 See Xing Pei, Wang Hongjian, and Li Qingyuan(2014), which is verified in their co-authored working paper named 

Enterprise Scale, Market Competition and Leverage of R&D Subsidy(In Chinese). 
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in the short term. Through empirical analysis of China‘s interprovincial panel data, Kong Shuhong (2010)
 

[17]
 discovered that, in general, tax preference does not demonstrably improve technological innovation. 

After empirical analysis of the increasing and changing rate of income tax in Chinese enterprises and the 

changing rate of investment in R&D, Xia Jiechang and Shang Tieli (2006)
 [18]

discovered that tax 

preference does not have a demonstrable effect on stimulating enterprise R&D innovation. By comparing 

and analyzing the impact that tax preference and financial subsidies have on enterprise R&D, Dai Cheng 

and Liu Yi (2008)
 [19]

 discovered that tax preference provides more powerful stimulation on investment in 

enterprise R&D than do financial subsidies. 

Tax incentive means that governments offer tax deductions and exemptions to certain taxable objects, 

taxpayers, and taxation regions. The main influences that tax incentives have on enterprise R&D 

investment are cost savings and investment promotion (Ma Weihong, 2011)
 [20]

. The externality, high 

investment costs, and high risk of technological innovation make the optimal investment level of 

enterprises lower than that of society as a whole. Therefore, governments tend to rectify the externality of 

technological innovation by means of R&D subsidies, tax incentives, and so forth. How to efficiently 

leverage tax incentives is not only a theoretical problem but also a practical one.  

This paper will start from three bases: 1) that enterprises have the intention and capability to transform 

technological innovation investment into growth, 2) that it is useful to combine Schumpeter‘s Innovation 

Hypothesis (Schumpeter, 1911)
 [21]

 with mechanisms of traditional R&D subsidy policies, and 3) that it is 

important to discuss the impact that China‘s tax incentive policies have on enterprises as R&D activities 

have a moderating effect that supports enterprise, by externalizing market competition, both nationally and 

regionally. This paper will also answer three questions. First, whether China‘s tax incentive policies will 

promote enterprise R&D? Second, how the degree of product market competition could adjust the 

effectiveness of R&D subsidy policies? And lastly, what is the adjustment function of the degree of 

regional marketization process on the performance of R&D subsidy policies? The study of the above 

questions will not only provide a theoretical basis for how tax incentive policies effectively promote 

enterprises‘ R&D, but also provide a theoretical foundation for how to promote the effective use of tax 

incentive policies in practice. Therefore, theoretical and practical factors coexist in this paper. 

The arrangement of this manuscript is as follows; Section 2 provides a theoretical analysis and the 

research hypothesis; Section 3 the research design and sample selection; Section 4 the empirical process 

and result analysis; and Section 5 the research conclusion and policy proposals. 

2. Theoretical Analysis and Research Hypothesis 

According to neo-classical economic theory, externality and the spillover effect of technological 

innovation causes personal income from technological innovation to be unequal from its personal cost. 

This malfunction within the technological innovation market makes the level of enterprise R&D 
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investment consistently lower than the optimal social investment level (Arrow, 1962)
 [22]

.  In addition, 

some features of technological innovation, such as high investment, high risk, and long return period, 

intensify information dissymmetry between fund users. During the transitional period of the Chinese 

economy, technological innovation leads to the more negative phenomenon that enterprises lack for R&D 

investment. Accordingly, insufficiency of innovation has become a vital problem facing the Chinese 

economy. Therefore, the malfunction of the enterprise R&D market provides a theoretical basis for the 

Chinese government to intervene in the area of enterprise R&D by means of directive policies. Tax 

incentives are an important policy measure the government can use to promote investment in enterprises 

R&D. How well these policies perform and what factors could influence the effects of such policies are 

the main problems that this essay will focus on. 

Just like R&D subsidies, tax incentives exert significant effect on enterprise technological innovation in 

the following ways. First, since tax incentives reduce tax burdens and conserve net cash flow, there can be 

an increase in R&D investment and a reduction in R&D cost. Thus, enterprises will be able to turn to 

R&D projects that will not produce regular profits without subsidies, which can promote an enterprise‘s 

R&D investment (Klette et al.,2000; Wallsten,2000; Tokila,2008; Jaffe, 2008)
 [23-26]

. Second, tax incentives 

helps enterprises to upgrade their equipment, which enables those enterprises to reduce the fixed cost of 

R&D so that they can be encouraged to undertake some fundamental innovation activities (Lach, 2002)
[27]

. 

Likewise, considering the cumulative effect of innovation, mastery of fundamental core technology will 

benefit other relative innovative activities (Scotchmer, 1991)
 [28]

. Eisner et al. (1984), Berger (1993), Hall 

(1995), Dagenais et al. (1997), Bloom el al. (2002), Guellec and Pottelsberghe (2003)‘s also similarly 

show that tax incentives exert positive stimulating effect on an enterprise‘s innovation investment
[9-14]

. 

Besides, limitation of funding is always the essential reason for a lack of innovation. Tax incentives as an 

essential form of government support may possess the function of sending signals. By sending signals to 

financial organizations such as banks and institutional venture investors, tax incentives can resolve 

information dissymmetry of innovative activities, enhance the strength of financial market support on 

enterprise R&D, attract equity capital such as venture capital, and relieve the burden of enterprise 

innovation. This paper predicts that tax incentives will enhance enterprise R&D investment. 

Hypothesis 1: Tax incentives can enhance an enterprise‘s private R&D investment. 

Whether tax preference can stimulate enterprises to invest more on R&D depends on an enterprise‘s‘ R&D 

capacity and the intention of the R&D. According to Schumpeter‘s Innovation Hypothesis, market 

competition, a vital factor that can affect an enterprise‘s innovation, not only affects enterprises‘ R&D 

intention, but also its capacity (Schumpeter, 1911)
 [21]

. Specifically, industries with less competition share 

greater markets and often possess sufficient profits necessary to undertake R&D, so they should have 

stronger R&D capacity. However, due to low level of competition, enterprises in such industries can gain 

rich profits without technological change. Meanwhile, R&D into new technology may create competition 
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for existing technology, meaning enterprises have less intention to undertake R&D. Conversely, market 

share of individual enterprises is low in industries with more competition, so it is easier for weak 

enterprises to be eliminated. For this reason, these enterprises possess higher levels of R&D intention, 

which can ensure that some enterprises can survive the fierce competition. Nonetheless, from observing 

R&D capacity, it is harder for those enterprises to gain excess profits. Specifically, those enterprises do not 

have enough capital to carry out R&D innovation. Due to these concerns tax incentives possess better 

potential effect.  Implementation of tax incentives within a market structure with fierce competition 

stimulates enterprises to allocate innovative resources to the fields of new technology that have greater 

market inefficiencies or are harder to be developed independently. Contrarily, tax incentives in industries 

with less competition can increase enterprise R&D investment through integration of R&D resources, 

since those tax incentives have more powerful capacity. For this, two competitive inspections which need 

to be tested in practice were proposed. 

Hypothesis 2a: If there is a decrease in competition level for sponsored enterprises, the impact of R&D 

subsidies in promoting enterprise R&D investment will be stronger.  

Hypothesis 2b: If there is an increase in competition level for sponsored enterprises, the impact of R&D 

subsidies in promoting enterprise R&D investment will be weaker.  

Chinese scholars Liu Yinqiu and Xu Zhixiang (2006)
[29]

, Li Danmeng and Xia Lijun (2008)
[30]

 discovered 

that regional marketization processes have significant influence on R&D investment. They further 

discovered that regional marketization process can positively promote R&D investment for private 

enterprises. As La Porta et al. (1998)
 [31]

 pointed out, a country‘s property system and legal environment 

are profound in protecting investors‘ interests. In countries or regions where investor protection is worse, 

enterprise motivation for R&D innovation will be lower. Zhang Jie et al. (2011)
 [32]

 discovered that the 

reform of the marketization process in China makes R&D activities exert negative effect on the 

improvement of productivity. They pointed out that the marketization process in many parts of China may 

seriously lag behind requirements of enterprises innovation activities regarding the external institutional 

environment. Therefore, a desirable institutional environment can play an external supervision role 

effectively, so that interest encroachment behavior of major shareholders can be reduced, and the negative 

effect of controlling shareholders on R&D investment can be relieved. Yang Jianjun, Sheng Suo (2007)
[33]

, 

Luo Zhengying et al. (2014)
[34]

, Fang Junxiong (2006)
[35]

, Fan Gang et al.
 [36]

 and Ji Xiaoli (2011)
[37]

 

showed that the advancement of the Chinese marketization process not only ameliorated the efficiency of 

resource allocation among different regions in China, but also stimulated enterprises to invest more on 

R&D and enhanced enterprises‘ innovative performance (Dai Kuizao and Liu Youjin, 2013)
[38]

. Obviously, 

enterprise R&D investment must depend on an effective market system, and the profit of innovation must 

be realized through marketization. Therefore, this paper predicts that the level of the regional 

marketization process will affect the influence that tax incentives exert over enterprise innovation 
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investment. 

Comparatively speaking, regions with low levels of marketization process,lag behind regions with high 

levels of marketization process in the following respects: better capacity for property protection, a sounder 

industrial system, and a higher level of financial development. Above conditions not only effectively 

stimulate motivation of private R&D, but also provide a foundation for enterprise R&D to realize profits 

from the aspects of the financial and industrial system. Apparently, those enterprises in regions with higher 

levels of marketization have better innovative environment, lower risk for R&D, and more R&D profit, 

which makes enterprises more willing to undertake R&D.  Accordingly, tax incentives there may afford 

better results. On the contrary, enterprises in regions with low levels of marketization may be less willing 

to invest in R&D because of greater risk of investment.  As a result, tax preferences, to some extent, 

become the tool for top executives to gain personal advantages, while enterprises may have no motivation 

to invest in long-term R&D, so the stimulating effect would be worse.  

Hypothesis 3: In regions with higher levels of marketization, the greater the tax incentive, the more the 

tax incentive will contribute to enterprise R&D investment. 

3. Research Design and Sample Selection 

3.1 Sample selection and data origin 

Since China implemented a new accounting standard and CSRC (China Securities Regulatory 

Commission) forced enterprises to disclose their R&D data since 2007, the data in this paper spans 2007 

to 2012. Owing to the availability of data, the particularity of financial industry and the usability of tax 

incentive index, the original data was processed as follows: (1) eliminated enterprises which did not 

disclose their R&D expense and expense of which is zero; (2) eliminated financial companies; (3) 

eliminated observing values whose operating profit are less than zero (This kind of values make tax 

burden value invalid); and (4) eliminated sample observing value whose data were lost. Finally, 3783 

companies‘ annual data were selected as testing samples. All of the data in this paper came from CSMAR 

database. 

3.2 Test model and variable set 

Using the research of Yang Yang et al. (2015) 
[8]

, Li Danmeng, Xia Lijun (2008) 
[30]

, Zhang Jie et al. (2011)
 

[32]
 on enterprise R&D investment for reference, this paper selected following regression models to test the 

hypotheses proposed in this paper. The regression equations are: 

（1） 

（2） 

（3） 

XincentiveTaxRD i
  _10

XincentiveTaxHHIHHIincentiveTaxRD i
  __ 3210

XincentiveTaxMarketMarketincentiveTaxRD i
  __ 3210
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Equation 1 is the regression equation of researching Hypothesis 1 in which RD is dependent variable, 

using the investment density indicated by the proportion of current year‘s R&D expense of enterprises and 

their total asset as well as the proportion of R&D expense and prime operating revenue respectively, 

meanwhile, it is used as proxy variable of the level of R&D expense. Tax_incentive is the independent 

variable. Using Fu Wenlin and Zhao Yonghui‘s research method (2014)
[39]

 for reference, this paper 

adopted actual tax burden and actual tax burden adjusted by the deferred income tax as proxy variable of 

tax incentive. Considering tax incentive of current period generally functions on innovation investment of 

next period, the index of tax incentive would be lagged for one period. According to Hypothesis 1,  is 

the index to be tested. Provided it is remarkably positive, it is evidence that tax incentive contributes to the 

enhancement of enterprise R&D investment, and vice versa.  is the controlled variable of the 

regression equation.  

Equation 2 is the testing equation of researching Hypothesis 2. HHI is the regulated variable indicating the 

intensity of market competition. In this paper, Herfindahl Index
2
 which manifests the intensity of market 

competition was calculated according to the industrial income, and then it was compared with medians in 

Herfindahl Index. In case that HHI was more than the median, it was set as 1, proving that the level of 

market competition is low. Otherwise, it was set as 0, proving that the level of market competition is 

higher. According to Hypothesis 2, is the index to be tested, so if it is apparently positive, it means the 

level of market competition is lower and the promoting effect of tax incentive on enterprise R&D is better. 

Otherwise, the effect is weakened.  

Equation 3 is the testing equation of Hypothesis 3. Market is the moderating variable indicating the level 

of regional marketization process. This paper used the median in the index of regional marketization 

process which was disclosed by Fan Gang (2011)
[41]

.
 
Given that Market was more than the median, it was 

set as 1, proving that the level of regional marketization process is higher. Otherwise, it was set as 0, 

proving that the level of regional marketization process is lower. According to Hypothesis 3,  is the 

index to be tested, so if it is apparently positive, it means the region has a higher level of marketization 

process, promoting effect of tax incentive on enterprise R&D is better. Otherwise, the effect is weakened. 
3
 

In regard to the controlled variable , besides Tax_incentive, HHI and Market, this paper set ROA, Size, 

                             
2 The calculation of Herfindahl Index is based on Jiang Fuxiu and Liu Zhibiao‘s research (2005)[40]. Herfindahl Index based on 

enterprise operating revenue manifests the level of product market competition, namely,
2

ii )/(HHI  XX i
, in which Xi is 

enterprise operating revenue and X is the sum of industrial income. It shows that with the increase of the index, the level of 

product market competition becomes weak gradually, and vice versa. In terms of industry classification, manufacturing 

industry is categorized according to secondary classification criterion, while other industries first classification criterion
 
 

3 Since Fan Gang‘s index [36] (Fan Gang et al. 2011) only disclosed up to 2009 while the sample is from 2007 to 2012, by using 

Kong Dongming et al.‘s data-processing method for reference (2013) [42] ,the data of the years after 2009 were replaced by the 

data of 2009. 

1

X 

3

3

X 
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Lev, CFO, Tang, Lnage, Attribute, Incentive, Year dummy and Industrial dummy as controlled variable as 

well, which would affect investment of enterprise R&D. ROA refers to enterprise profitability, which 

equals to the percentage of year-end net profit and year-end total assets. Size refers to enterprise scale, 

which equals to natural logarithm of end-of-term total assets. Lev refers to financial leverage, which 

equals a percentage between end-of term total liability and end-of-term total assets. CFO refers to net cash 

flow of operation, which equals to the percentage between net cash flow of operating activities and 

end-of-term total assets. Tang refers to proportion of tangible assets, which equals to the percentage 

between end-of-term fixed assets and end-of term total assets. Lnage refers to the natural logarithm of 

enterprises‘ age, and enterprises‘ age is the value of present year minus enterprises‘ established year. 

Attribute refers to property right variable, which can be valued as 1 if the property of final controller is 

state-owned; otherwise, it is 0. Incentive refers to management incentive, which means that the value is 1 

if the management holds the stock; otherwise, it is 0. Year dummy refers dummy variable, which can be 

valued as 1 if the examined year is the current year; otherwise, it is 0. Industrial dummy refers dummy 

variable, which can be valued as 1 if the examined enterprise belongs to the set industry; otherwise, it is 0. 

4. Empirical study and result analysis 

4.1 Descriptive statistics 

Table 1 shows descriptive statistical analysis result of main variables within the sample interval. It can be 

discovered that listed companies have relatively low level of R&D expense, which occupies 3.4% of 

operating revenue, and less than 2% of total assets. In terms of tax incentive variable, the average tax 

burden is 15.34%, and the maximum value of it is as high as 84.04%, which illustrates that difference of 

tax burden which exists among listed companies, namely, a large number of companies bear higher tax 

burden. It also provides opportunities for this paper to research into the diversity of enterprise R&D 

investment under diverse tax preference condition. 

Table 1  Descriptive Statistics of Main Variables 

Variable 
Observed 

value 

Average 

value 

Standard 

deviation 

Minimum 

value 
Median  

Maximum 

value 

Rd_income 3 783 0.0341 0.0363 0.0001 0.0295 0.2207 

Rd_asset 3 783 0.0187 0.0167 0.0001 0.0157 0.0909 

Tax_incentive 3 783 0.1534 0.1363 -0.0436 0.1479 0.8404 

HHI 3 783 0.5538 0.4972 0.0000 1.0000 1.0000 

Market 3 783 0.6479 0.4777 0.0000 1.0000 1.0000 

ROA 3 783 0.0510 0.0510 -0.1118 0.0480 0.2135 

Size 3 783 21.5151 1.0721 19.4360 21.3590 24.9161 

Lev 3 783 0.3947 0.2110 0.0349 0.3875 0.8731 

CFO 3 783 0.0400 0.0734 -0.1608 0.0397 0.2663 

Tang 3 783 0.2211 0.1405 0.0127 0.1959 0.6342 

Lnage 3 783 2.3005 0.5443 0.6932 2.3979 3.1355 

Attribute 3 783 0.3405 0.4739 0.0000 0.0000 1.0000 
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Incentive 3 783 0.6569 0.4748 0.0000 1.0000 1.0000 

4.2 Single variable test 

Before multi-regression was conducted, this paper tested single variables of enterprise R&D investment 

variation under varied levels of tax incentive. The result shown in Table 2 indicates that remarkable 

difference exists among enterprises with different tax preferences in terms of enterprise R&D investment, 

namely, with the decrease of tax burden, investment of R&D would increase. It verifies Hypothesis 1 that 

tax incentive exerts leverage over enterprise R&D innovative investment.  

Table 2  Tax Incentive and Enterprise Innovation Investment (single variable test) 

 

 

Standardization of operating 

revenue 
Standardization of total assets 

Mean value test 
Median 

test 

Mean value 

test 

Median 

test 

Actual tax rate 

Low tax 0.0415 0.0332 0.0213 0.0183 

High tax 0.0268 0.0224 0.0160 0.0130 

Difference test 
0.0147*** 

（12.66） 

0.0108*** 

（8.38） 

0.0053*** 

（9.82） 

0.0053*** 

（9.76） 

Deferred tax 

rate 

Low tax 0.0394 0.0321 0.0205 0.0170 

High tax 0.0289 0.0252 0.0168 0.0141 

Difference test 
0.0105*** 

（8.95） 

0.0069*** 

（8.38） 

0.0038*** 

（6.81） 

0.0029*** 

（5.87） 

Note: In the bracket is T Value in which media test is Z Value. *，**，and *** represent that regression 

coefficient is remarkable at levels of 10%，5%，1% respectively. 

 

4.3 Result of empirical study  

After the analysis of single variable test, multiple regression analysis was carried on using the method of 

minimum squares. First, hypothesis 1 was tested. Table 3 shows the result which indicates that it does not 

matter if actual tax or deferred tax is used as dependent variable, Tax-incentive coefficients are negative. It 

demonstrates that the lower tax burden is, the more enterprise R&D investment will be, and vice versa, 

which means tax incentive positively contributes to the increase of enterprise R&D investment. Controlled 

variable shows that enterprise R&D investment will be more, in case that the profitability is stronger, cash 

flow greater, R&D investment more, management incentive more intense; on the contrary, the investment 

will be less, provided that enterprise scale is bigger, proportion of tangible assets higher, and enterprise 

age older. 
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Table 3  Tax Incentive and Enterprise R&D Innovation 

 Standardization of operating revenue Standardization of total assets 

Actual tax rate Deferred tax rate  Actual tax rate  Deferred tax rate 

Tax_incentive 
-0.0165*** -0.0058** -0.0066*** -0.0026** 

（-4.79） （-2.54） （-3.90） （-2.28） 

ROA 
-0.0050 -0.0075 0.065*** 0.0642*** 

（-0.42） （-0.63） （11.24） （11.08） 

Size 
-0.0027*** -0.0027*** -0.0026*** -0.0027*** 

（-4.87） （-4.92） （-9.87） （-9.90） 

Lev 
-0.0351*** -0.0351*** 0.0049*** 0.0049*** 

（-11.29） （-11.25） （3.21） （3.21） 

CFO 
0.0175*** 0.0176*** 0.0194*** 0.0194*** 

（2.36） （2.38） （5.33） （5.34） 

Tang 
-0.0125*** -0.0124*** -0.0022 -0.0022 

（-3.05） （-3.01） （-1.09） （-1.07） 

Lnage 
-0.0076*** -0.0076*** -0.0036*** -0.0035*** 

（-7.84） （-7.80） （-7.47） （-7.44） 

Attribute 
-0.0028** -0.0029** -0.0001 -0.0001 

（-2.42） （-2.47） （-0.18） （-0.23） 

Incentive 
0.0042*** 0.0043*** 0.0021*** 0.0021*** 

（4.08） （4.26） （4.10） （4.26） 

_cons 
0.0867*** 0.0852*** 0.0554*** 0.0548*** 

（5.30） （5.20） （6.89） （6.80） 

Year dummy Control Control Control Control 

Industry 

dummy 
Control Control Control Control 

N 3 783 3 783 3 783 3 783 

F Value 74.92 74.11 51.78 51.35 

Adj. R-Square 0.399 0.400 0.313 0.312 

Note: In the bracket is Robust T Value. *，**，and *** represent that regression coefficient is remarkable at 

levels of 10%, 5% and 1% respectively. 

 

Table 4 is the regression result of Hypothesis 2. It can be discovered from the result that the coefficients of 

tax incentive are not obvious, while the interaction items of tax incentive and levels of market competition 

are negative, which illustrates that tax incentives exert promoting effect on enterprise R&D innovation in 

industries with less competition. It is identical to Schumpeter‘s Innovation Hypothesis, i.e. monopoly 

benefits the strengthening of enterprises‘ innovative power and capacity (Schumpeter, 1911)
 [22]

. Therefore, 
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proper constraint of industry competition can make the leverage of tax incentive greater. The controlled 

variables show that investment of enterprise innovation will be more with greater profitability, greater 

cash flow and more management incentive; nevertheless, it will be less with bigger enterprise scale, higher 

proportion of tangible assets and increase of enterprise age. 

Table 4  Product Market Competition, Tax Incentive and Enterprise Innovation Investment 

 
Standardization of operating revenue Standardization of total assets 

Actual tax rate  Deferred tax rate  Actual tax rate  Deferred tax rate 

Tax_incentive 
-0.0053 -0.0005 -0.0035 -0.0016 

（-1.15） （-0.16） （-1.55） （-1.06） 

HHI 
0.0049** 0.0031 0.0018* 0.0011 

（2.30） （1.55） （1.69） （1.11） 

HHI Tax_incentive 
-0.0246*** -0.0118*** -0.0068** -0.0021 

（-3.58） （-2.57） （-2.00） （-0.94） 

ROA 
-0.0042 -0.0073 0.0653*** 0.0642*** 

（-0.35） （-0.62） （11.28） （11.08） 

Size 
-0.0026*** -0.0026*** -0.0026*** -0.0026*** 

（-4.74） （-4.80） （-9.80） （-9.85） 

Lev 
-0.0351*** -0.0352*** 0.0049*** 0.0049** 

（-11.30） （-11.28） （3.23） （3.22） 

CFO 
0.0181** 0.0174** 0.0196*** 0.0195*** 

（2.45） （2.34） （5.39） （5.35） 

Tang 
-0.0124*** -0.0123*** -0.0022 -0.0022 

（-3.01） （-3.00） （-1.09） （-1.09） 

Lnage 
-0.0077*** -0.0075*** -0.0036*** -0.0035*** 

（-7.93） （-7.78） （-7.51） （-7.43） 

Attribute 
-0.0027** -0.0029** -0.0001 -0.0001 

（-2.37） （-2.51） （-0.15） （-0.24） 

Incentive 
0.0042*** 0.0044*** 0.0021*** 0.0021*** 

（4.14） （4.28） （4.14） （4.27） 

_cons 
0.0991*** 0.0964*** 0.0586*** 0.0578*** 

（6.84） （6.63） （8.22） （8.08） 
Year dummy Control Control Control Control 

Industry dummy Control Control Control Control 

N 3 783 3 783 3 783 3 783 

F Value 71.34 70.28 49.07 48.54 

Adj. R-Square 0.401 0.400 0.314 0.312 

Note: In the bracket is Robust T Value. *，**，and *** represent that regression coefficient is remarkable at 

levels of 10%, 5% and 1% respectively. 

 

Table 5 refers to the regression result of Hypothesis 3. According to research result, tax incentive 

coefficients are not remarkable, while all the interaction items of tax incentive and regional marketization 

process are negative. It is to prove that tax incentive exerts a promoting effect on enterprise R&D 

innovation in regions where marketization process is relatively high. Thus, regional marketizaiton process 

exerts the function of positive leverage on tax incentive. The controlled variables show that investment of 
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enterprise innovation will be more with greater profitability, bigger net cash flow and more management 

encouragement; nevertheless, it will be less with bigger enterprise scale, higher percentage of permanent 

assets and increase of enterprise age. 

Table 5  Marketization, Tax Incentive and Enterprise Innovation Investment 

 Standardization of operating revenue Standardization of total assets 

Actual tax rate  Deferred tax rate  Actual tax rate  Deferred tax rate 

Tax_incentive 
-0.0043 -0.0022 -0.0031 -0.0029 

（-0.82） （-0.59） （-1.17） （-1.60） 

Market 
-0.0005 -0.0026 0.0019** 0.0009 

（-0.31） （-1.83） （2.46） （1.33） 

Market  Tax_incentive 
-0.0211*** -0.0061* -0.0059* 0.0006 

（-3.06） （-1.81） （-1.75） （0.24） 

ROA 
-0.0030 -0.0060 0.0649*** 0.0638*** 

（-0.26） （-0.50） （11.20） （11.01） 

Size 
-0.0027*** -0.0027*** -0.0026*** -0.0026*** 

（-4.90） （-4.98） （-9.84） （-9.88） 

Lev 
-0.0350*** -0.0352*** 0.0050*** 0.0050*** 

（-11.28） （-11.31） （3.30） （3.24） 

CFO 
0.0179** 0.0178** 0.0193*** 0.0194*** 

（2.43） （2.41） （5.32） （5.32） 

Tang 
-0.0130*** -0.0125**** -0.00229 -0.00213 

（-3.16） （-3.05） （-1.14） （-1.06） 

Lnage 
-0.0076*** -0.0075*** -0.0036*** -0.0036*** 

（-7.83） （-7.77） （-7.49） （-7.46） 

Attribute 
-0.0033*** -0.0033*** -0.0000 -0.0000 

（-2.82） （-2.83） （-0.00） （-0.02） 

Incentive 
0.0044*** 0.0045*** 0.0020*** 0.0021*** 

（4.33） （4.45） （4.02） （4.13） 

_cons 
0.0865*** 0.0870*** 0.0540*** 0.0542*** 

（5.28） （5.30） （6.70） （6.72） 

Year dummy Control Control Control Control 

Industry dummy Control Control Control Control 

N 3783 3783 3783 3783 

F Value 71.62 70.48 49.13 48.60 

Adj. R-Square 0.402 0.398 0.314 0.312 

Note: In the bracket is Robust T Value. *，**，and *** represent that regression coefficient is remarkable at 

levels of 10%, 5% and 1% respectively. 

 

4.4 Robustness test 

Judging from the dimensions of property, in samples of public companies in China two kinds of 

enterprises exist: the state-owned and the non-state-owned, which are remarkably different in terms of 

business scale, R&D capacity, tax burden, industry distribution, market competition stress and so forth. It 

is predicted that the promoting function of tax incentive on these two kinds of enterprises is different. 

Therefore, this paper used the interaction items of property rights attributes and tax incentive to capture 
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the difference mentioned above. According to the test result shown in Table 6, it can be observed that all 

the tax incentive coefficients are negative, while the coefficients of interaction items between property 

right attribute and tax incentive are positive. It is evidence that, in terms of property right, tax incentive 

mainly makes positive contribution to the promotion of private enterprise R&D innovation. It may be 

concerned with insufficiency of its R&D innovation, tax burden and other factors. 

Table 6  Property Right, Tax Incentive and Enterprise Innovative Investment 

 Standardization of operating revenue Standardization of total assets 

Actual tax rate  
Deferred tax 

rate  
Actual tax rate  

Deferred tax 

rate 

Tax_incentive 
-0.0289*** -0.0100*** -0.0081*** -0.0027* 

（-5.57） （-3.00） （-3.19） （-1.66） 

Attribute  

Tax_incentive 

0.0218*** 0.0078* 0.0027 0.0003 

（3.19） （1.71） （0.81） （0.12） 

ROA 
-0.0055 -0.0082 0.0650*** 0.0641*** 

（-0.47） （-0.69） （11.23） （11.07） 

Size 
-0.0026*** -0.0027*** -0.0026*** -0.0027*** 

（-4.82） （-4.95） （-9.85） （-9.90） 

Lev 
-0.0348*** -0.0350*** 0.00494** 0.00492** 

（-11.19） （-11.23） （3.23） （3.21） 

CFO 
0.0175** 0.0177** 0.0194*** 0.0194*** 

（2.37） （2.39） （5.33） （5.34） 

Tang 
-0.0126*** -0.0124*** -0.0022 -0.0022 

（-3.08） （-3.01） （-1.09） （-1.07） 

Lnage 
-0.0076*** -0.0075*** -0.0036*** -0.0035*** 

（-7.85） （-7.79） （-7.47） （-7.44） 

Attribute 
-0.0062*** -0.0042*** -0.0005 -0.0002 

（-3.95） （-3.01） （-0.69） （-0.26） 

Incentive 
0.0042*** 0.0043*** 0.0021*** 0.0021*** 

（4.10） （4.23） （4.11） （4.25） 

_cons 
0.0871*** 0.0861*** 0.0554*** 0.0548*** 

（5.33） （5.25） （6.89） （6.80） 

Year dummy Control Control Control Control 

Industry dummy Control Control Control Control 

N 3 783 3 783 3 783 3 783 

F Value  73.25 72.12 50.31 49.87 

Adj. R-square 0.401 0.397 0.313 0.311 

Note: In the bracket is Robust T Value. *，**，and *** represent that regression coefficient is remarkable at 

levels of 10%, 5% and 1% respectively. 

 

In Zhang Jie et al.‘s research, it is found that distortion of factor market strikingly restrains local enterprise 

R&D investment (Zhang Jie et al., 2011)
 [32]

, while in Yang Yang et al.‘s research, it is found that 

governmental subsidy exerts greater influence on enterprise R&D investment in regions where the degree 

of factor market distortion is relatively low (Yang Yang et al, 2015)
 [8]

. Apparently, degree of factor market 

distortion may affect the influence of tax incentive on enterprise innovation. Therefore, using Zhang Jie et 
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al.‘s
 
research method for reference, we adopted the indexes of product marketization process and factor 

marketization process in Fan Gang Index (Fan Gang et al. 2011)
 [36]

to calculate the degree of factor market 

distortion (Zhang Jie et al., 2011)
 [32]

. The specific calculating formula is: Factor= (index of regional 

product marketization process – index of regional factor marketization process)/ index of product 

marketization process. Evidently, with the increase of this index, the degree of factor marketization 

process would be lower. Then, the medians of the index were grouped and tested. Table 7 is the test result 

which shows that the lower the degree of factor market distortion, the more remarkable the promoting 

effect of tax incentive on R&D will be. However, the examination of the difference between the two 

groups of data is not remarkable. This result further supports the research conclusion of Zhang Jie et al. 

and Yang et al. 
[8,32] 

( Zhang Jie et al., 2011; Yang et al., 2015) . It is also an evidence of the robustness of 

this paper‘s research conclusion. 

Table 7  Degree of Distortion of Factor Market, Tax Incentive and Enterprise Innovation Investment 

 Actual Tax Rate  Deferred Tax Rate 

Greater Degree of 

Distortion 

Smaller Degree of 

Distortion 

Greater Degree of 

Distortion 

Smaller Degree of 

Distortion 

ax_incentive 
-0.015*** -0.018*** -0.005* -0.007* 

（-3.77） （-2.90） （-1.70） （-1.77） 

ROA 
0.018 -0.036 0.015 -0.038 

（1.25） （-1.77） （1.08） （-1.89） 

Size 
-0.002*** -0.004*** -0.002*** -0.004*** 

（-2.73） （-4.44） （-2.74） （-4.52） 

Lev 
-0.035*** -0.034*** -0.035*** -0.033*** 

（-9.56） （-6.27） （-9.54） （-6.24） 

CFO 
0.005 0.032** 0.005 0.033** 

（0.53） （2.48） （0.54） （2.51） 

Tang 
-0.003 -0.030*** -0.003 -0.029*** 

（-0.58） （-3.99） （-0.64） （-3.88） 

Lnage 
-0.007*** -0.009*** -0.007*** -0.009*** 

（-5.75） （-5.63） （-5.68） （-5.64） 

Attribute 
-0.003* -0.003 -0.003 -0.003 

（-1.89） （-1.43） （-1.95） （-1.42） 

Incentive 
0.005*** 0.003 0.005*** 0.003 

（4.26） （1.43） （4.37） （1.54） 

_cons 
0.0985*** 0.135*** 0.0973*** 0.135*** 

（4.95） （4.92） （4.88） （4.91） 

Year dummy Control Control Control Control 

Industry 

dummy 
Control Control Control Control 
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N 2 111 1 672 2 111 1 672 

F Value  50.45 28.92 49.85 28.67 

Adj. R-square 0.444 0.362 0.440 0.360 

Note: In the bracket is Robust T Value. *，**，and *** represent that regression coefficient is remarkable at 

levels of 10%, 5% and 1% respectively. 

 

The above research indicates that tax incentive promotes enterprises‘ innovation investment by means of 

saving cash flow. Accordingly, the promoting effect to enterprises with different levels of financing 

constraints would definitely differ. In this paper, asset-liability ratio and enterprise scale were used as the 

proxy variable for degrees of financing constraints and they were grouped according to median. When the 

financing constraints degrees are higher, the value is 1; otherwise, it is 0. Obviously, when enterprise debt 

ratio is lower or its scale is smaller, its financing capacity is relatively restrained; namely, its level of 

financing constraint is higher, and vice versa. The use of R&D investment is based on the value of sales 

revenue standardization. The result shows in Table 8. As can be seen, most of the interaction terms of 

financing restraints and tax incentive are negative, which indicates that the leverage of tax incentive is 

stronger on R&D investment of enterprises whose levels of financing restraints are greater.  

Table 8  Level of Financing Constraint, Tax Incentive and Enterprise Innovation Investment 

 Financing constraint indicated by  

debt ratio 

Financing constraint indicated by 

enterprise scale 

Actual tax rate Deferred tax rate Actual tax rate Deferred tax rate 

Tax_incentive 
-0.006 -0.002 -0.012

***
 -0.003 

（-1.63） （-0.80） （-2.80） （-0.93） 

Constrain 
0.002 -0.003 0.005

***
 0.005

***
 

（0.81） （-1.36） （2.93） （2.99） 

Constrain 

Tax_incentive 

-0.041
***

 -0.013
***

 -0.011 -0.008
*
 

（-5.29） （-2.56） （-1.59） （-1.77） 

ROA 
-0.007 -0.008 -0.003 -0.006 

（-0.60） （-0.70） （-0.29） （-0.47） 

Size 
-0.003

***
 -0.003

***
 -0.001

*
 -0.001

**
 

（-4.98） （-4.98） （-1.93） （-1.98） 

Lev 
-0.044

***
 -0.045

***
 -0.035

***
 -0.035

***
 

（-9.51） （-9.57） （-11.20） （-11.13） 

CFO 
0.018

**
 0.018

**
 0.018

**
 0.018

**
 

（2.42） （2.39） （2.40） （2.38） 

Tang 
-0.013

***
 -0.013

***
 -0.012

***
 -0.012

***
 

（-3.20） （-3.08） （-3.03） （-2.97） 

Lnage 
-0.008

***
 -0.008

***
 -0.008

***
 -0.008

***
 

（-7.99） （-7.90） （-7.77） （-7.76） 

Attribute 
-0.003

**
 -0.003

**
 -0.003

**
 -0.003

**
 

（-2.25） （-2.37） （-2.36） （-2.47） 

Incentive 
0.004

***
 0.004

***
 0.004

***
 0.004

***
 

（4.02） （4.27） （3.94） （4.09） 

_cons 0.092
***

 0.092
***

 0.059
***

 0.058
***
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（5.57） （5.54） （2.97） （2.90） 

Year dummy Control Control Control Control 

Industry dummy Control Control Control Control 

N 3783 3783 3783 3783 

F Value 72.397
***

 70.618
***

 71.124
***

 70.379
***

 

Adj. R-square 0.405 0.399 0.400 0.398 

Note: In the bracket is Robust T Value. *，**，and *** represent that regression coefficient is remarkable at 

levels of 10%, 5% and 1% respectively. 

5. Research Conclusion and Proposals on Policies 

At present, the economy of China is facing the twin pressures of transformation and upgrading of 

industrial structure, of which technological innovation is the driving force. Resembling the R&D subsidy, 

tax incentive is also a vital means for government to stimulate enterprises to innovate their technology. 

How to effectively implement the leverage of tax incentive is a practical issue worth exploring. Based on 

data samples of listed companies from 2007 to 2012, this paper tested this issue. The research shows that 

tax incentive promotes the enterprises‘ investment on R&D in general. The weaker the product market 

competition is, the more remarkable the effect of tax incentive is; the higher the level of marketization 

process is, the more remarkable the tax incentive is. Further tests based on property rights show that, 

comparing with state-owned enterprises, tax incentive exerts greater leverage on private companies.  

The result of this paper indicates that tax preference exerts positive effect on stimulating enterprise R&D 

investment, especially on regions with higher level of marketization, monopolized industries, and private 

enterprises. Here is the policy proposal of this paper. In order to implement the strategy of development 

driven by innovation, accelerate the realization of Chinese enterprises‘ technological pursuit, and 

efficiently handle the practical problem that investment is insufficient in the field of fundamental research 

and key technology development, government must fully use tax incentive to effectively reduce tax 

burden (especially that of private enterprises), promote assembly of social resources to enterprises and 

guide enterprises‘ innovative investment by way of proper limitation of industry competition and effective 

promotion of marketization process and other coordinated measures, and then realize the quality 

improvement, efficiency enhancement, transformation and upgrading of industries. 

Here are the possible contributions of this paper. First, as an essential policy of government on stimulating 

R&D innovation, tax incentive has been a controversy. Although literature of other countries is relatively 

abundant, Chinese tax incentive and that of other countries, objectively speaking, are somewhat different. 

Based on micro aspect, this paper researched the implementing performance of tax incentive, and explored 

different effect and restraining factors of tax incentive by combining Chinese institutional environment, so 

that theoretical foundation was provided to the effective implementation of tax incentive in public R&D 

policies. Second, according to Schumpeter‘s Innovation Hypothesis, monopoly is the base of producing 

innovation. Based on this hypothesis, this paper tested how product market competition affect the 
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adjustment effect of tax incentive on R&D innovative performance, and disclosed that monopoly benefits 

the stimulating effect of tax preference; meanwhile, the research result of this paper provided empirical 

evidence for effect of Schumpeter‘s Innovation Hypothesis in tax incentive policies. Likewise, it proved 

the relationship between tax incentive under different product market competition conditions and 

enterprise R&D investment. Third, this paper investigated how regional marketization process affected 

adjustments of tax incentive on the performance of R&D innovation, and discovered that in regions with 

higher level of marketization process, the effect of tax incentive on enterprise R&D innovation is more 

remarkable, which not only enriched present literature on marketization reform, but also further deepened 

present theoretical research on the effect of regional marketization process on implementing performance 

of tax preference. Meanwhile, it provided a theoretical foundation for government to effectively formulate 

tax incentive policies of public R&D at the given present institutional environment.  
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draws upon the Social Shaping of Technology (SST) perspective, by explaining ICT-based innovations as 

history- and context-specific, and actor-focused technological change processes. The notion of “development 
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1.  Introduction 

New Energy Vehicles (NEV) are part of urban electric mobility (e-mobility) concepts and still immature 

regarding sustainability. However, these urban concepts are embedded in a rapidly changing, competitive and 

complex regional and global environment (Gerst & Gao, 2012). The e-mobility environment is consisting of 

several layers, different components and interfaces, and multiple stakeholders – implying multiple interests and 

multiple interfaces (Gerst & Jakobs, 2012). In addition, it draws upon input from research and different 

industry sectors, and at this point of time, it also involves respective governments. 

This whole setting is influenced by competing regional innovation and IPR policies that reshape and intensify 

technology-based competition. Thus, economic success may well depend on the capacity to exert control over 

open architectures and interface standards, that nonetheless incorporate proprietary technologies. Thus, NEVs 

are currently on top of Government agenda‘s in China and Europe (Gerst & Gao, 2014). China is the world‘s 

largest automotive market with more than 20 million cars sold in 2013 and highly interesting for European 

automotive companies. Moreover, China will play a pivotal role in the evolution of the NEV auto industry.  In 

this context, one of the key aspects will be the role of the government.  

The framework of analysis draws upon the Social Shaping of Technology (SST) perspective, by explaining 

ICT-based innovations as history- and context-specific, and actor-focused technological change processes 

(Williams & Edge, 1992). The SST framework provides a good tool to explore the complexity associated with 

innovation development by incorporating a multifaceted socio-technical perspective which perfectly suits to 

map the interplay between research, industry and government. 

The aim of the paper is neither to test the theory nor to exemplify every aspect of the theory within this setting. 

Rather, the paper aims to explore the socially shaped nature of the technology and standardization processes 

that occur within a standardization arena, and thus to advance the development of a framework that addresses 

the complex patterns of interactions within the standardization arena. 

The paper first introduces the Social Shaping of Technology (SST) perspective on technology innovation and 

standardization followed by a brief introduction into the New Energy Vehicle concept in general in order to 

understand the complex relationship between technology, markets, and actors. NEV concepts draw upon input 

from research and different industry sectors. All stakeholders collaborate towards the development of the large 

number of ICT components and the necessary interfaces.  

To understand the dynamic nature of the technology development and standardisation process, this paper draws 

upon Jorgensen and Sorensen (1999) concept of ―development arena‖ to articulate the dispersed and 

heterogeneous nature of the space where technology and standards develop and are used. The framework 

developed using the ―development arena‖ concept provides a good tool to explore the complexity associated 

with technology and standards development by incorporating a multifaceted socio-technical perspective. 

After the presentation of the analytical framework in chapter 2, the NEV context and standardisation 

eco-system in China is outlined in order to identify the triggers and answer the emerging questions of the 

factors that are shaping technology innovations and NEV standards, and get an overview of what causes the 
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dynamics in developing and implementing NEV standards. The paper will conclude with a short summary and 

ideas for future research. 

2.  Methodology 

The Social Shaping of Technology (SST) perspective arises from a shift in social and economic research on 

technology that explores and analyses both the content of technologies and the processes of innovation 

(Williams, 2004; MacKenzie & Wajcman, 1985; Bijker & Law, 1992). SST has emerged through a critique of 

the dominant rhetoric of technological determinism which portrayed technology as a vehicle for achieving 

organizational change, without taking into consideration the difficulties in implementing technologies, as well 

as their frequent failures to deliver predicted and desired outcomes. SST research investigates the ways in 

which social, institutional, economic and cultural factors shape (1) the direction as well as the rate of 

innovation, (2) the form of technology and (3) the outcomes of technological change for different groups in 

society (Williams & Edge, 1992).   

SST goes beyond traditional approaches, merely concerned with assessing the ―social impacts‖ of technology, 

to examine what shapes the technology and the way in which these impacts are achieved (Williams, 2004; 

MacKenzie & Wajcman, 1985). Central to the SST is the ―concept of choice‖, though not necessarily conscious 

choice, inherent in both the design of individual artifacts and systems, and in the direction or trajectory of 

innovation programs (Williams & Edge, 1996). At every stage during the development and use of a technology 

or standard, a number of technical choices are available to the actors involved (Williams et. al, 1995; Gerst & 

Bunduchi, 2004). These choices depend on a number of social, technical, economic, organizational and 

political factors. SST studies aim to unveil the interactions between these factors, the way in which they shape 

the technology and their outcomes on the innovations processes (Jakobs et.al, 1996). For example, a number of 

SST and similar studies focus on standardization as an important form of alignment amongst actors and as a 

process of competition among visions or early variants of a technology. In this context, standards can take 

different forms, and the motives and pressures vary between settings (Russell & Williams, 2002). 

A range of writers from a social shaping of technology perspective, has sought to develop a complex 

processual account of the standardization process. A number of accounts have focused on standardization 

as a social process. For example, according to (Graham et al., 1995), the standardization process 

represents an attempt to align interests, business practices and expectations of an array of people with an 

interest to develop and use the system that is to be standardized. Therefore, standardization is not only 

about providing workable solution, but most importantly, it refers to articulating and aligning expectations 

and interests (Williams, 1997).  

Earlier work from a broadly social constructivist perspective (Schmidt & Werle, 1993); (Schmidt & Werle, 

1998); (Werle, 2001) has highlighted the influence of actors and broader institutional factors in the 

standard setting process. Their approach to the study of standard setting has been adopted in further work 

on standardization that refutes narrow economic approach as limited in its ability to explain the processes 
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through which technology and standards develop (Egyedi, 1996; 2000). For example (Egyedi, 1996) 

adopts a similar approach to ((Schmidt & Werle, 1998) in combining the institutional approach with social 

constructivism and social shaping of technology, although the emphasis in this case is clearly on the social 

processes (Williams, 1997) describes standard setting as a highly intricate social process, negotiated and 

mediated by the actors involved. This follows upon earlier strand of research which applied the emerging 

social shaping perspective to understanding addressing the development and unfolding of Electronic Data 

Interchange (EDI) (Williams et al., 1995). Some work by (Jakobs, 2000) reflects on the shape and social 

character of standards and how they impact the actors involved. 

In conclusion, the existing SST studies understand technology development and standardisation as socially 

shaped, i.e.: 

 there are a range of choices possible at every stage of the standardization process 

 the choice depends not only on technical but also upon economic, social and organizational factors within 

the broader socio-technical setting 

 the impact of standardization is causing social change in organizations because the standard is importantly 

negotiated and socially mediated (Williams & Edge, 1996). 

This choices depend on the individual interests and different visions1 of the technology and might have 

(initially) different meanings attached to a specific artefact. At the early stages of its development the 

technological artefact thus poses ―interpretative flexibility‖ in the sense that the problems, solutions and the 

definitions associated with a technology present themselves in different ways to different groups of actors.  

The balance of power between the participants is a crucial influencing factor during this negotiation process 

(Lawler & Bacharach, 1987). According to Pfeiffer (1992), power is exercised to express what an individual 

wants although it is not clear what the result of the development will be but then in the end advocating the 

outcome. In other words, power is the ability of an actor to influence other actors (Ratnasingam, 2000, pg. 56). 

Consequently, power is not an attribute of the actor, but of the relationship among social actors (Emerson, 

1962), and as such it depends on the social context within which the actors are part of. 

According to Bijker (1995), the actors use their power to limit the range of possible meanings of a technology 

in such a way which defends the definition that best serve their particular interests. This is a particular kind of 

power, which Bijker (1995) calls ―semiotic power‖ reflecting the ability of the relevant social groups to affix 

meaning to an emergent technology. The semiotic power is often closely related to the other forms of power 

such as economic, political or legislative power (Lenert, 2004). 

An obvious implication of the negotiable character of technology development, during which the actors use 

                             

1 Visions (or product spaces, scenarios, framing objects) are important resources that the relevant social groups involved in the 

development of a technology can use to mobilize resources and shape the expectations around new technologies. According to 

Russell and Williams (2002), ―a vision includes a view of not just the form and features of the technology, but also its functions 

and benefits, and a new socio-technical order in its domain of application. It therefore entails particular assumptions about 

markets, users and use practices, supplier-user relations, costs and so on – and hence a model of the wider context, and values 

and commitments concerning desirable futures‖ (pg. 60). 
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their power to narrow down the flexible interpretation of the technology, is that often some social groups shape 

the evolution of a technology more than others (Lenert, 2004). As interests are aligned and consensus arises 

within and between the key social groups, the interpretative flexibility narrows down and the technology 

becomes ―frozen‖ into a specific form (McLoughlin, 1999). The alignment of interests leads to stabilisation of 

the technology, when a particular technological form becomes settled after a period of negotiation.  

Interests‘ alignment is achieved through a process of translating that is of representing or appropriating the 

interests of others into one‘s own (Latour, 1988). Translation involves the effective persuasion of pertinent 

actors that it is in their interest to use the technology in the prescribed manner, and that the technology is the 

answer to their ―problem‖ (Bloomfield and Best, 1992). Whereas stabilisation refers to intra-group interests 

alignment, the concept of closure is used to capture the process by which the interpretations of different social 

groups are brought into agreement, and/or one interpretation becomes dominant (Pinch & Bijker, 1984; Russell 

& Williams, 2002). Closure is almost always irreversible (Bijker, 1995), in the sense that it becomes almost 

impossible to return to a situation where the next step is only one possible option among others (Callon, 1986). 

The locales in which technology and standardization development takes place, are populated by different kinds 

of actors –The complexity of technology development and standard setting is increased by the multiple level of 

representation of the actors involved in technology and standards development.  Another factor shaping the 

dynamics of technology development and standardisation, which underpin the unpredictability and obduracy of 

the standard setting and standards implementation process, is the complex set of interactions between the actors 

and factors that populate the development arena. 

At every stage, the technology development and standardization process is influenced by the choices these 

actors make in a given context. These choices cannot be reduced only to the ―technical‖ issues, since they are 

influenced as well by economic, social and organizational factors (Chan & Swatman, 2002). In the existing 

literature, a number of authors have developed theoretical frameworks in an attempt to capture the dynamics of 

technology and standards, for example (Fomin et al., 2003; Williams & Edge, 1996; Gerst & Bunduchi, 2004). 

However their explanatory schemes remain relatively simple.  

The current research goal is to extend this line of analysis to better theorize both unpredictability and obduracy 

in technology development and standardization - addressing both stabilizing and destabilizing factors and the 

relationship between short-term developments and the longer-term evolution. Here, the authors have drawn 

upon the concept of development arena (Jørgenssen & Sørensen, 2004). This framework stresses the 

contingency of outcomes, ‗surprises‘ and the possibility of realignments of hitherto stable configurations that 

may result from complex interactions within the arena. These processes need however to be explicated 

empirically in different settings.  

2.1 The New Energy Vehicle concept  

The availability of fossil fuels for internal combustion engines decreases while prices are on the rise (Hölk, 

2012). NEVs are – entirely or partially – powered by electricity, typically stored in batteries. They were 

invented at the end of the 19
th
 Century, around the same time as combustion engines. Yet, NEVs were 



 

142 

marginalised at the beginning of the 20
th
 century (Van den Bossche, 2003). Today, however, they have 

become part of communities‘ electric mobility (e-mobility) concepts. The e-mobility environment consists 

of several layers, different components, and multiple stakeholders – implying multiple interests and 

multiple interfaces.  

An electric car is a radical innovation that requires a new, cross-sector systems thinking. Accordingly, several 

features distinguish the standardisation processes in this field from those of other sectors where the main 

challenge is to coordinate activities in order to effectively meet demands (Gerst & Gao, 2013). NEVs, in 

contrast, are part of the still immature concept of sustainable mobility, embedded in a rapidly changing, 

competitive and complex global environment. This environment is influenced by competing regional 

innovation and IPR policies that reshape and intensify technology-based competition. Thus, economic success 

may well depend on the capacity to exert control over open architectures and interface standards, that 

nonetheless incorporate proprietary technologies. 

E-mobility draws upon input from different industry sectors and from research. All stakeholders (including 

those from the automotive industry, the energy sector and the Information and Communication Technology 

(ICT) sector (BMBF, 2011) collaborate towards the development of the large number of ICT components and 

the necessary interfaces. The charging infrastructure is a highly relevant sub-system with respect to NEV 

standardisation. Here, interoperability has to be ensured both between the individual components of NEVs and 

with the infrastructure.  One current example are plugs; they define the interface between the vehicle and the 

grid, ensure interoperability and reduce the variety of different charging systems. This standardisation activity 

is a central pre-requisite for a broad take-up of e-mobility.   

2.2 The Framework 

To understand the dynamic nature of the standardisation process, this paper draws upon Jorgensen and 

Sorensen (1999) concept of ―development arena‖ to articulate the dispersed and heterogeneous nature of the 

space where technology and standards develop and are used. A ―development arena‖ is defined as a space 

which holds together the settings and relationships that comprise the context where a standard develops, and 

includes three distinct elements: (1) a number of elements such as actors, artefacts and standards, (2) a 

variety of locations for action, knowledge and vision, and (3) a set of translations that shape and play out the 

stabilisation and destabilisation of relation and artefacts. 

The development arena specifically addresses the issue of competition and co-operation between different 

actor networks, that is to explain how different actor networks co-exist and interfere with each other within 

a certain space. In this way, the notion of ―development arena‖ can be applied to explain the evolution of 

technology and standards as a result of competition and co-operation between different networks of actors 

(Jorgensen and Sorensen, 1999). 

As illustrated in figure 1, a framework consisting of the different components in the NEV technology 

innovation eco-system has been developed.  
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Figure 1: The development arena 

The framework developed provides a good tool to explore the complexity associated with technology and 

standards development by incorporating a multifaceted socio-technical perspective which perfectly suits to map 

the interplay between research, industry and government of technology innovation. The framework is based on 

earlier research carried out in the automotive sector (Williams et al., 2004; Gerst et al., 2005). 

The actors are understood as the ―relevant social groups‖ (Bijker & Law, 1992) who hold a stake in the 

development and implementation of the new technology and standards. For example, the standardisation arena 

comprises the government, industry companies, standard setting bodies, service providers, consultants, 

technical experts, suppliers, or market intermediaries. Quite frequently, the same actors or actors from the same 

sector are involved in competing standard setting processes, e.g. suppliers often have to accommodate different 

customers with different standard requirements. As a result, a complex web of interests characterises the 

development arena which is leading into complex interaction amongst them. 

The actors in the development arena are linked in a complex organisational setting which is characterised by 

two levels of analysis: the country/regional layer on a macro level and the industry layer on a micro level. 

Thus this paper aims to explore the socially shaped nature of the processes that occur within a development 

arena as well as the influencing factors, and thus aims to advance the development of a framework that 

addresses the complex patterns of interactions within the development arena shaped by a set of factors. 

2.3 Research approach 

Data was collected over a period of four years. Ethnographic observation was used as the major method for 

data collection, as the focus was on what people do rather than on what they say (Arksey & Knight, 1999). 

Observation was facilitated by the author being in China during the period of data collection, which enabled her 

to obtain a deep understanding of China, the market for automobiles, stakeholders, and the broader context of 

electric mobility and role of NEVs (Myers, 1999). In addition, data of this paper is partly based on findings 

from a German-China collaboration project in electric mobility (Ziegler & Gerst, 2012), supplemented by 

industry and research literature and official policy documents. Furthermore, applying the framework developed 

by Fomin and de Vries (2010), core stakeholders have been identified and interviews have been conducted with 

selected industry stakeholders in Europe and China. 
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3.  Empirical research: NEV technology and standards development in China 

3.1 The New Energy Vehicle context in China 

China is the world‘s largest automotive market since 2010 and highly interesting for European automotive 

companies. However, the growth rate has slowed down and customer expectations increased. In addition, the 

government has been driving automotive development for decades but more recently, with an increasing 

urbanisation to take place, environmental concerns like air pollution, the government has indicated that it 

favours electric vehicles (Manyika et al, 2014).  

Since NEVs can be understood as an innovation that requires a new, cross-sector systems thinking, several 

features distinguish the standardisation processes from those of other sectors where the main challenge is to 

coordinate activities in order to effectively meet demands (Gerst & Gao, 2013).
 
NEVs as part of mobility 

concepts draw upon input from different industry sectors and from research. All stakeholders (including those 

from the automotive industry, the energy sector and the Information and Communication Technology (ICT) 

sector (BMBF, 2011) collaborate towards the development of the large number of ICT components and the 

necessary interfaces. However, NEVs are part of the still immature concept of sustainable mobility, embedded 

in a rapidly changing, competitive and complex global environment. This environment is influenced by 

competing regional innovation and IP policies that reshape and intensify technology-based competition. Thus, 

economic success may well depend on the capacity to exert control over open architectures and interface 

standards, that nonetheless incorporate proprietary technologies. 

With regard to China as a huge market for NEVs, the tensions between innovation policies and standards are of 

relevance for European car makers as many of these tensions are rooted in the two different IPR and 

standardisation systems (TCEITSRP, 2012). In practice, this situation may contribute to a dis-coordination of 

innovations related to NEVs, e.g. charging plugs, and may negatively influence innovations in this field. In this 

context, the emerging questions are what factors are shaping technology innovations and NEV standards, and 

what causes the dynamics in developing and implementing NEV standards? 

The NEV development arena is populated by a network of stakeholders (Powell & Grodal, 2005); it also 

comprises different components (Hölk, 2012) that need to interoperate. Together, all of them are part of a larger 

network that also includes the charging infrastructure. Interoperability standards
1
 serve as the basis of this 

network. Accordingly, IPR in those standards receive increasing attention as they could cause various problems 

including competition issues (Lemley, 2013). These concerns stem from the character of those standards: They 

should include state-of-the-art technology (Mueller, 2002), which may well be based on patents, but should at 

the same time be available for implementation (Mair, 2012). This has led to an increasing number of conflicts 

to be solved at the policy level (competition, IPR and standardisation policies) (TCEITSRP, 2012) and in other 

IP contexts (e.g. patent pooling, licensing schemes) (Bekkers et al., 2006).  

3.2 The standardisation system of China and Europe 

                             
1  Interoperability standards are a subset of technology standards. In this thesis, this term and ‗compatibility standard‘ are used 

synonymously. 
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The standards system in China is administered by the General Administration of Quality Supervision, 

Inspection and Quarantine (AQSIQ). AQSIQ is a ministerial level administration directly under the supervision 

of the State Council. AQSIQ administers both the Certification and Accreditation Administration of China 

(CNCA), supervising all certification and accreditation activities throughout China, and the Standardization 

Administration of China (SAC), in charge of National Standards. On the international level SAC represents 

China in ISO and IEC. Chinese National Standards are owned by SAC, whilst all other standards are 

supervised by SAC and ideally also registered with them (Jakobs & Gerst, 2013). 

Besides SAC, a number of other entities are also involved in ICT standardisation (ibid). China Electronics 

Standardization Institute (CESI) is a professional institute for standardisation in electronics and ICT. It is 

administered by the MIIT. Among other activities, CESI manages 51 national mirrors groups of IEC Technical 

Committees (TC) and Sub-Committees (SC) and ISO/IEC Joint TC1 (JTC)/SCs. China Communication 

Standards Association (CCSA) is the Chinese member of the Global Standards Collaboration, the association of 

national/regional SDOs active in the area of telecommunication. Like CESI, it is administered by MIIT (ibid). 

The Chinese standardisation system includes both, voluntary and compulsory standards and distinguishes four 

levels of standards, all of which should be registered with SAC: national, industry, local, and enterprise 

standards.
1
 

The European Standardisation System (ESS) comprises the three European Standardisation Organisations 

(ESO): the European Telecommunication Standards Institute (ETSI), the European Committee for 

Standardisation (CEN), and the European Committee for Electrotechnical Standardisation (CENELEC), 

supported by 33 national standards organisations, e.g. the Deutsches Institut für Normung (DIN). The ESS is 

modelled upon the international system. Cooperation between those organisations and their respective 

international counterparts are guided by formal agreements. Directive 98/34/EC establishes the rules for the 

co-operation between the individual ESOs on the one hand, and between ESOs and national bodies on the other. 

Therefore, neither are European standards in conflict with each other, nor are national standards in conflict with 

European ones. 

European and international standards, while strictly voluntary in nature, clearly enjoy priority in Europe. A 

manufacturer whose products or services do not conform with ‗Harmonised Standards‘ has the obligation to 

prove that his products/services meet the corresponding requirements of European harmonisation legislation, in 

line with the ―New Approach‖ to technical harmonisation and standards. The New Approach and European 

standardisation have significantly contributed to the development of the ‗Single Market‘ by removing technical 

barriers to trade. ‗New Approach‘ Directives are in effect Community laws that must be transposed into the 

national law of each member state.  

3.3 Trigger: NEV policies and the standardisation strategy of China 

                             
1  Regulations for the Implementation of the Standardization Law of the People‘s Republic of China. 

http://www.sac.gov.cn/sac_en/AffairsOpening/LawsandRegulations/201011/t20101123_4213.htm,  (last accessed April 30th  

2013). 

http://www.sac.gov.cn/sac_en/AffairsOpening/LawsandRegulations/201011/t20101123_4213.htm
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Since NEV standardisation takes place not in isolation but in an international multi-stakeholder environment, 

the main question that will be addressed is by which policy, legal, and socio-economic factors NEV 

standardization will be shaped in one of China‘s largest and most attractive markets for the local and 

international automotive industry. 

Regarding the interplay between research, industry and government,  the NEV standardization case highlights 

that technological and institutional changes, are driven by governments and industry, and are creating a 

dynamic environment in which China seeks establish its own standards regime to support its technological 

development and national innovation policy (Kennedy et al., 2008).  

In 2012, the Ministry of Science & Technology (MOST) released a draft ―Special Plan on Technical Standards‖ 

for comments (MST, 2012). The draft understands technical standards as strategic resource for national 

development and as a core element for international competitiveness‖. It further notes that national IP is an 

important component of standards in order to play a vital role in international cooperation as well as in 

competitions between standards (ibid). The strong link between R&D and standardisation in both directions is a 

major focus of the strategy (Jakobs & Gerst, 2013). ‗Next Generation Information Technology Industry‘ is the 

second of the identified 13 major areas where science and technology shall support the development of new 

technical standards. Dedicated R&D efforts shall also help to promote (superior) national standards in the 

international arena. This also holds for the development of industry and ‗alliance‘ standards and their 

subsequent elevation to national standards. ‗Capacity building‘ is another major aspect of the strategy. This 

refers to an improved education on standards-related matters, including both technical and non-technical (e.g. 

procedural) aspects and also to an improved information flow between the different parties involved in 

standards setting and implementation (ibid). 

Overall, the strategy addresses all aspects relevant to the development and use of standards. A particularly 

strong emphasis is put on the integration of education, R&D and standards development. Standards play an 

important role in technology-driven markets and may serve as catalysts of innovation, as leveraging and 

diffusion tools for IPR, particularly patents, or to influence markets (ibid). The traditional view was that 

standards and innovation contradict each other, thus hampering the integration of standardisation into 

innovation policy and innovation management (ibid). These days, the relation between standards and 

innovation is viewed differently.  In principle, the former are seen as a common platform for the latter, 

especially in Research and development (R&D). Thus, IPRs can provide the creator with the temporary right of 

exclusive exploitation. Therefore, the prospect of incorporation of IP into standards and its associated wider 

dissemination may well be tempting for IPR holders (ibid). 

The Chinese standardisation strategy aims to establish a scientific, systematic, and adjustable NEV standards 

system that shall meet all requirements to become an important technical cornerstone for the Chinese NEV 

industry. The emphasis of the standards development will be on the coordination of national standards with 

sector-specific and company-specific standards (Gerst & Gao, 2013). The idea is to transform recent 

technological achievements into (national) standards and use them to influence international standardisation 
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activities. That is, China aims to transform itself from a follower to a leader in EV standardisation. Compared 

to the European approach to use and develop standards in an international regulatory and standardisation 

framework, China develops its own national EV standards.  

3.4 China’s NEV policies and related standardisation strategies 

As outlined above, NEV policies and standardisation strategy are in line with the 12
th

 FYP. The idea behind this 

is to transform a large number of achievements and advanced experiences into standards and to get involved in 

relevant international standard activities. Hence, China‘s standards development attempts aim to transform the 

country from a follower to a standard setter in the automotive sector. The emphasis will be on the coordination 

of a key framework of national standards with both industry-specific and enterprise standards. 

Since the first standards for NNEVs were released in 2001, they have become the basis for major projects like 

the State ‗863‘ program (Earley et al., 2011) launched by the MOST. The ―Renewable energy automotive 

manufacture and product access management‖, released by the MIIT in June 2009, stipulates that NNEVs have 

to meet the existing standards for market access. In addition, NEV standards are supposed to play also an 

important role in manufacturing 57 NEV standards have been published, seven standards are waiting for 

approval, 19 new standards are under development, and 45 standards are under preliminary research (Ziegler & 

Gerst, 2012). From a Chinese point of view, this is obviously a success of the implementation of the numerous 

strategies; from a MNEs point of view this large number of national standards is often criticised as 

contradicting the WTO agreement, and absolutely not being in line with harmonised international standards, 

and therefore seen as impeding market access. 

Yet, this approach is in line with China‘s efforts to conquer the global NEV markets with their own national 

standards. For China, NEVs are the opportunity to counter the Western prominence in combustion engine 

technology. However, the implementation of the innovation and IP strategy has led to contradictions and 

tensions on the way towards China‘s innovation efforts and IP development, due to the complex 

government-industry relationship (Suttmeier & Yao, 2011).  To encourage patent applications by companies a 

variety of incentives and subsidies have been introduced. The result is overwhelming; the implementation of 

the IP strategy has indeed led to a filing of more than 1.6 Million patents with the State Intellectual Property 

Office (SIPO) in 2011 (Prudhomme, 2012). Thus, it seems the incentives have brought China closer to its goal 

of being a creative nation.  

4. The key factors identified 

In the technology development arena, five key factors have been identified shaping NEV technology and 

standards. 

4.1Regional/national innovation policies  

In general, vehicles are characterised by an increasing complexity of interoperable, modular systems. The 

industries‘ R&D and manufacturing are embedded in a global innovation and supply chain network. Thus, 

NEVs and their components require full interoperability between systems, to be enabled by standards. However, 
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technology standards not only serve as enablers of innovation but have also become a significant factor in the 

creation and shaping of markets. In Europe and China, standards are used as market access tools. Together with 

IPRs they provide an incentive for the creation and diffusion of knowledge.  

In both Europe and China IP affects standardisation through various policies and their associated strategies that 

are embedded in the respective standardisation systems. However, both regions vary considerably regarding the 

emphasis put on the importance of national/regional IP. China explicitly stresses this importance for its 

economic development. In contrast, European IP policies and strategies rather implicitly focus on strengthening 

the internal market and its global market competitiveness, with no strong ties to standardisation, except for ICT. 

However, Europe and China differ considerably with respect to their economic situation; Europe is a highly 

industrialised region whereas China is still an emerging market. 

The framework for China‘s innovation policies was initiated in 2006 with its 15-year National Medium- and 

Long-Term Program for Scientific and Technological Development Plan (Stevenson-Yang & DeWoskin, 2005). 

In order to become an ―innovative society‖ by 2020, and adopting a systemic approach, the government aims to 

integrate and coordinate the policies and institutions in law, finance, management, education, and foreign trade 

(McGregor, 2012) in order to strengthen the country‘s capabilities in science and technology (Kennedy et al., 

2008). Moreover, the plan also calls for China‘s industrial enterprises to become the core of the national 

innovation system (NIS). Therein, standards development is a key task, supported by special R&D programs 

for standards (ibid). The 12
th
 FYP focuses on the ―emerging strategic industries programme‖, covering IT and 

NEVs, among others. The plan aims to stimulate knowledge-intensive developments, expand the community of 

IP stakeholders, form patent alliances among companies, and simplify the IP transfer from university or R&D 

institutions to industry.  

China has been the world‘s largest automotive manufacturing and sales market since 2009; it is one of China‘s 

―pillar industries‖. Extensive foreign investments through joint ventures (JV) aim to establish technology 

transfer platforms to locally develop technology and IP (Tang, 2009). However, one of the major issues in these 

JVs, often complained about by the MNEs, is the insufficient protection of the foreign partner‘s IPRs 

(McGregor, 2012). In this context, the European business community is mostly concerned about the way in 

which the Chinese IP strategy is implemented as part of China‘s industrial and technology policies, stipulating 

that the IPR of at least one of the three core technology components of an NEV have to be transferred to the 

Chinese JV partner. Moreover, the Chinese Government requires MNEs to set up local NEV R&D centres if 

they intend to expand their China business, in another attempt to strengthen national IP and standards. 

Accordingly, all MNEs have established R&D facilities in the country (Tagscherer, 2012). However, a study 

found that Chinese strategies to support innovation and technology do not necessarily follow one clear 

objective, due to biased interests of the stakeholders and the different institutions involved (Bresnitz & 

Murphree, 2013).  

4.2The strong link between R&D and standardisation 

In general, the standardisation systems in both China and Europe are modelled upon the ISO/IEC process 
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which is based on the consensus amongst the interested stakeholders such as industry, users, interest groups, 

public authorities (Sherif, 2003). However, mostly researchers from universities and public research institutes 

are dominating the standards development work, whereas trade associations and enterprises are comparably 

unimportant (Rongping & Zhuoliang, 2005). The members of the WGs participate as individuals and do not 

have to represent any position other than that of their own expertise (Jakobs & Gerst, 2013). 

Regarding the integration of standards consortia, the preferred approach of China is to work rather through 

institutionalised standardization organisations than involving consortia (Suttmeier et al., 2006) which has been 

critisised for excluding managerial innovation (Wang et al.,  2010). As far as China is concerned, Suttmeier‘s 

& Xiangkui‘s (2004) observed that China already in 2001began to reform its standards regime with an eye 

toward building standard setting into its national research and development programs as a priority objective. 

Today, the draft standardisation strategy (MST, 2012) puts a very strong emphasis on the link between R&D 

and standardisation. What‘s more, it makes concrete recommendations how this link shall be established and 

strengthened, respectively. 

Both systems are centralised and under the influence of policy makers. However, the level of degree differs 

enormously. The influence of the European Commission (EC) is materialises through those Directives that 

charge the ESOs to develop ‗Harmonised Standards‘ and, more importantly, through the provision of much of 

the ESOs‘ funding. Standards are made available to the public; standards implementation is either free (i.e. no 

licensing fees) or subject to the payment of royalties to holders of IPR that has been incorporated into the 

standard (BMBF, 2011). The industry is the most important stakeholder in European ICT standardisation. The 

stance towards standards consortia is similar in both regions. Europe has only very recently formally 

recognised the importance of consortia. 

Finally, the link between R&D and standardisation remains weak in Europe (TCEITSRP, 2012) although 

potential synergies between R&D and standardisation have been identified. However, input from the research 

community would be important for standards setting, particularly in the ICT sector where emerging issues need 

to be addressed early because of the industry's short innovation cycles (Jakobs & Gerst, 2013). In China, 

standard setting has been included into the national research and development programs as a priority objective 

since reforms of the standards system started in 2001.
 
 

4.3China’s Market access strategy 

China has entered the international standards arena as a new ‗player‘, aiming to shape the global economy, 

using technological and institutional changes to create a dynamic environment in which China seeks to 

establish its own standards regime to support its technological development and national innovation policy 

(Kennedy et al, 2008). China follows a multi-track approach. As part of the international standardisation system 

it has the long-term perspective to incorporate patentable technology into global standards in order to 

strengthen its bargaining power and reduce royalty fees. In parallel, it uses its economic power to try and 

influence the international system itself by creating IP essential to global standards. Against the background of 

increased globalisation and the equally increasing complexity of technology, China links its 
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government-centred standardisation strategy with a more open market-led approach (Ernst, 2011). This 

materialises now with a standardisation reform proposal that is underway to establish a new standards system 

built on standards developed by the government and market entities by 2020.
1
 Chinese policy makers have 

realised that standards are crucial for market success. Therefore, Chinese policy circles share the view that only 

standard making companies may be considered as international leaders in technology.  

European car makers in China struggle in the competition between the national and the international standards 

regime, the latter requiring the harmonisation of standards. The companies follow a rather conservative 

approach in standardisation; they participate in all international formal SDOs without any motivation to push 

own IPR into a standard. Rather, they aim to extend or create markets and develop through standards. The big 

corporations have issued their standardisation departments with special mandates for China to understand the 

rules and regulations and to ensure full cooperation with the national and relevant local governments. European 

stakeholders also form alliances and jointly draft position papers targeting relevant governmental entities to 

express common standardisation strategies and concepts for future implementation. A very dense 

cross-company network has also been established; the EV representatives of different companies exchange 

information on a regular basis and maintain good personal relationships (Gerst & Gao, 2012). However, due to 

the different interests involved, collaboration and co-ordination of all stakeholders is a time-consuming and 

costly exercise when fighting against the tendency in China to set national standards. Here, national and 

international standardization concepts clearly are in competition. International corporations prefer international 

standards to save R&D cost, to enable large scale production and, most notably, to save market access time. A 

fast market penetration of NEV is high on the agenda of European car manufacturers; thus national standards 

are considered to be inadequate for global markets. On the other hand, the potential market size for NEVs in 

China is huge in comparison with other regional markets. 

4.4The distribution of power between the different stakeholders in global standard-setting 

In the NEV development arena, the Chinese government has realised its economic power and seems to be ready 

to not only question but also to compete against what has been called the ―Western IP and standardisation 

model‖. However, this thus may lead to duplicate standards, negatively influencing global trade (Suttmeier & 

Yao, 2011). From US standardisation China has learned how companies can use standards to drive the 

development and direction of an industry sector, from the EU they learned how standards can be used to 

support a single market, and Germany demonstrated how standards can support industrial export policy (Jakobs 

& Gerst, 2013). Yet, the EU also uses ‗governmental power‘ in standard-setting; for example in the Type 2 plug 

issue. Although CEN/CENELEC were given a mandate to specify one interface for the European market, there 

were three different type plugs and no decision had been taken until early 2013, due to the multiple interests of 

the stakeholders.   As the lack of a common charging plug has slowed down the set-up of adequate charging 

infrastructure, the EU opted for the Type 2 plug. Interestingly, the decision seems to be influenced by the facts 

                             
1  For further details see http://www.sac.gov.cn/sbgs/syxw/201503/t20150320_182475.thm. 
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that EACs were already using the plug in NEV prototypes, a Type 2 plug was already used in China (although 

with a different design), and the German manufacturer of the plug  announced to license all necessary patents 

free of charge (Wiegmann, 2013). 

4.5Inter-Governmental relations 

Although the NEV technology development arena has been coined by competition, good inter-governmental 

relations between Europe and China facilitate car business in China and have contributed to an improvement of 

IPR protection and to the understanding of IP and standards related matters on all levels – politically and in 

practice. A strategic partnership agreement between the EU and China, numerous political events, and on-going 

cooperation projects, in standardisation research facilitate the relationship. In addition, individual EU Member 

States like Germany have launched special technology cooperation projects such as Sino-German R&D 

cooperation on NEVs. The objective of such projects is to get relevant government institutions and industry 

stakeholders involved to better understand market and technology, and to identify further projects in policy, 

technology and science (Ziegler & Gerst, 2012). Thanks to the good Sino-German relations, the MNEs have 

convinced the Chinese EV manufacturers to agree on one common, high technology plug. Eventually, the 

governmental institutions agreed to re-open standardisation of the plug design. Thus, MNEs in China, although 

confronted with a national IP and standards regime, focus on an international standardisation strategy and apply 

lobbying and alliance mechanisms in order to support their strategy. 

5. Conclusions 

The notion of ―development arena‖ has been useful to carry out research exploring the complexity associated 

with innovation development and related standardisation by incorporating a multifaceted socio-technical 

perspective on two levels. 

It has thus allowed to 

1) to extend this line of analysis to better theorize both unpredictability in technology development and 

standardization - addressing both stabilizing and destabilizing factors and the relationship between 

short-term developments and the longer-term evolution.  

2) Get an overview of the technology development and standardization process that is influenced by the 

choices the actors involved make in the NEV context. The balance of power between the actors illustrates 

the interplay between government, research, and industry. 

3) Identify the five key factors shaping technology and NEV standard development. 

The analysis of the factors shaping NEV technology and standards are: 

 regional/national innovation and IP policies, 

 strong link between research and standardisation 

 standardisation and market strategies, 

 distribution of power between the different stakeholders in global standard setting, 

 degree of inter-governmental cooperation. 
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The NEV case shows that standardisation has gradually become a strategic instrument, particularly in the NEV 

arena. Looking at the triggers and the identified factors, the European MNE perception of China‘s NEV 

policies and standardisation strategy is incompatible with international standards (Meissner, 2014). For the 

MNEs involved, the task to develop and implement NEV standards and to ensure their conformity even on an 

international level is challenging. Also, it introduces additional risks because automotive cycles, although 

already shortened, still require some planning. They have to deal with a national standardization approach 

comprising international and national standards, policies and regulations. Thus, market access for MNE NEVs 

seems to be driven by economic interests of the stakeholders rather than by interoperability. 

China - as a latecomer - has started to exercise influence on long-standing major players like US or Europe. In 

this context, to pick up the argument of ―who‘s game‖ it will be in future (Suttmeier & Yao, 2011), questions 

for further research may focus on future scenarios into which IP regimes are likely to evolve in the 21st 

Century (EPO, 2007). A report issued by the European Patent Office (EPO) illustrates different contexts and 

offers four scenarios for the future; the ―whose game‖ is one of them with geo-politics as dominant drivers 

suggest conflicts between dominant stakeholders. 

Further research may focus on future scenarios into which IP regimes are likely to evolve in the 21
st
 Century as 

already started by EPO (ibid). Another area of research could be done on further develop the ―development 

arena‖ looking more specific on the country-specific characteristics in a global setting and the related resulting 

dynamics in technology development. Finally, another strand of research to be carried out to analyse could be 

how stakeholders such as grid operators or manufacturers of charging stations may influence NEV 

standardization management. 
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1.  Introduction  

The analysis of innovation has become a complex issue, since innovation is an interactive process, with no 

linear and systemic interrelationship (Cooke, 1996). Within the system of innovation are different 

stakeholders who participate in the innovation process and system that may influence interaction and 

collaboration among them. For instance, Sunitiyoso (2012) formulates a holistic and dynamic approach in 

formulating and develop policies to address nation‘s problems that have to do with stakeholder‘s 

interactions and interrelations with each other. Such interactions are between universities, government 

agencies, ministries and industries in order to identify problem and find solutions to formulate better 

policies. Those approaches among others point out that innovation is not only dependent on firms, since 

interactions among stakeholders comprehend social and economic context, equally incentivizing policies 

plays an important outcomes in the whole innovation system. On the other hand, enterprises innovation 

capacities are traditionally measure and intensely research since condition inside and outside organizations 

influence the development of firms‘ innovation. The capacity of innovation of a firm is also a complex 

process that is influence by internal and external factors. Innovation obstacles are extensively examined in 

a country perspective, likewise firm‘s position, where firm´s innovation capacities are studied and 

comprehend by several approaches. For example, Elmquist, Le Masson (2009) and Guan and Ma, (2003) 

establish that innovative capability allows the organization to adapt to competition, the market and 

environment. Since innovation is a driver for economic growth and social impact, subsequently innovation 

studies can be discuss from several perspectives. Afterward, the purpose of this paper is to have a general 

outlook and understanding of enterprise innovation activities and recognise how firms interact in the 

innovation national system, additionally this study focus in the effects of one of the leading government 

incentives that was specifically design for enterprises. To make this possible, macro data, including 

reports from several government sources were analysed to determine the impact of government funds, 

such as external outcomes assessments. Due to the fact of lacking of information and data availability, 

enterprises where studied by main industrial sectors such as primary, secondary and tertiary segments. It 

was not possible to study and compare each sector because information was not reported completely.  

2.  The State of Art  

Nowadays, innovation is a driver to build-up country competitiveness. A nation achieved technological 

advantages when creates new knowledge as research and development evolve to generate economic 

growth and social benefits. Innovation activity is shaped by a dynamic system of stakeholders who are 

connected, integrated and interrelated; these are government, universities and enterprises, the triple helix 

system (Etzkowitz, 1997). Developed countries have built innovation capacities through specific and 

effective public system and policy (Guan, 2015). Government policies can positively and negatively 
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influence firm‘s growth (Cooke, 1997). Additionally, there are several concerns regarding how 

government policies influence technology infrastructure to support R&D activities towards encourages 

innovation on SMEs (Laranja, 2009). In addition, Šoltés (2014) argue that small and medium-sized 

enterprises (SMEs) play an important role and the approach to create conditions to foster innovation 

effectively requires the existence of functional innovation system comprising of institutions, policies and 

tools. Moreover, Radas (2015) studied and discussed that public instruments increase R&D expenditures 

to some degree, finding out that most studies find positive effects on R&D intensity.  

The Oslo Manual is a fundamental instrument that establishes innovation activities and how can be 

measure. Innovation activities according to the Manual are those directly connected with knowledge and 

technology, such actions comes from R&D and their amount of investment. Then, several R&D activities 

accomplish by firms can lead to increase innovation capacities.  

3.  Methodology  

The study have used documental information, such as assessments reports, scientific publications and 

secondary information to apply qualitative methods to identify if innovation stimulus programme 

implemented by CONACyT have impacted enterprise innovation capacities, according to Oslo Manual 

indicators. Additional Statistical Government sources applied, such as economic census and special 

productivity reports complete secondary information.  

As a final point, to complement this research interviews where carried on selected public research centres 

that collaborates actively with enterprises in PEI‘s programme. The interviews identify in which degree 

public research centres contribute on collaboration and qualitatively perform on  technology transfer with 

enterprises.  

4.  Research Focus.  

In Mexico, Science and Technology National Council, CONACyT (Spanish Acronym) is a public key 

stakeholder to accomplish national goals regarding science, research, technological development and 

innovation, SRTD&I. Government Ministries within CONACyT design public funds and incentives to 

reach National Strategic Plans.  

There are broad public schemes SRTD&I that reach different purposes and objectives. One of CONACyT 

funding programme concentrates on firm ś innovation stimulus, which is called PEI (Special Innovation 

Programme, Spanish acronym). The programme has supported since 2009 and designed for build-up 

firm‘s innovation capacities. The main purpose of this scheme comprises increasing firms innovation 

investment through technology development projects mainly connected with Research Centres or 

Universities. Additionally, this PEI funding is one of the highest public amount regarding subsidies or 

financial incentive assigned for a project among other incentives. Table 1 exhibit PEI programme which 
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has receiving the highest funding from government comparing other grants.  

Table 1. Leading Government funds to foster SRTD&I capabilities. 

GOVERMENT GRANT 

INCENTIVE NAME  

AMOUNT OF 

MILLION 

U.S.DOLLAR  

PERIODi  
% VARIATION WITH 

RESPECT OF PEI  

FORDECYT  $ 74.92  2009-2012  89.7%  

FOMIX  $ 497.98  2007-2012  31.5%  

SENER  $ 500.31  2009-2012  31.2%  

PEI  $ 726.91  2009-2013   

OTHER INNOVATION 

FUNDS  
$ 84.54  2010-2013  88.4%  

Reference: Auto evaluation CONACyT‘s reports www.conacyt,gob,mx  

PEI programme has three modes and only applied for private organizations as projectproponents. The 

main aims prevailing during 2009 to 2015 shows four purposes, thesecomprise: a) Increase enterprise 

competitiveness and innovation investment.b) Increase value added from national industry.c) Encourage 

collaboration between enterprise and academia.d) Promote innovation culture.  

The first PEI mode is oriented for projects based on collaboration from research centres, RC and Higher 

Education Institutions, HEIs. This type of stimulus is called PROINNOVA and there isno restriction 

regarding enterprise size, because projects must be accomplish only with RC andor HIE‘s collaboration; 

the second type is INNOVAPYME that concentrates in technology innovation for micro, small and 

medium enterprises, MSMEs projects could be accomplish withor without collaboration. The third mode 

is designed only for large enterprises as a proponentand it is named INNOVATEC. INNOVATC and 

INNOVAPYME projects could be or notexecuted in collaboration with academia. However, collaboration 

provides advantage as 

companies could be granted with higher wages rates according with total project cost and PEI‘s type.  

PEI ś economic support varies according to modes, for instance a project can subsidize up to 50% of the 

enterprise project expenses and could pay up to 75% for one or two collaborating entities such as RC and 

or HEI ś. Furthermore, an average a project funding can receive a bit more than one million USD dollars.  

The cores of PEI‘s concentrate mainly as collaboration incentive and increasing firms innovation 

investment, because public funds allocated for each enterprise and a percentage of funds go indirectly to 

RC and HEIs if collaboration exits, however is not data available to know how is the valued added for 

firms that were granted with this stimulus. Besides from external assessments is not possible to specify 

accurately qualitative or quantitative the degree of impact and performance on national innovation system. 

For that reason supplementary data and information was applied for this study.  

The first aim of this article is to present a general outlook of enterprise innovation activities and 

participation in the innovation system. The second purpose is determined how PEI‘s has evolved, ever 

since PEI is the major governmental scheme in terms of amount of funds and projects. A third intention is 

http://www.conacyt,gob,mx/
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found out which industrial sector is playing major participation innovation activities, a forth aim is 

determine how industrial sector have growth and how has been their productivity.  

Due to fact of lacking governmental incentives outcomes and impact indicators, this study makes use of 

secondary information to complement data. Reports and statistics from The National Institute of 

Geography and informatics (INEGI Spanish acronym) are supportive for this study.  

Economic censuses of 2004, 2009 and 2014 and productivity activity for three main sectors, primary, 

secondary and tertiary were handled from INEGI‘s Information. To determine  

ii 

innovation activities a special study called ESIDETwere used to determine innovation activity in 

enterprises during 2010-2011 periods. From economic census and productivity factors, it was possible to 

determine industrial activity and performance. One section of ESIDET ś information specifies OCDE 

innovation activity indicators. ESIDET shows firm‘s innovation activities and this study is the only one 

available in the nation, which measures certain degree of impact of R&DI from enterprises. Additional 

information such as from CONACyT‘s self-assessment, reports and external evaluation of government 

incentives applied for this research.  

A related study help to identify how Public research centres, RC have advance on knowledge 

commercialization, five interviews were carried out to five RC‘s Directors, the purpose was mainly 

identify barriers and opportunities on collaboration with industry. RC‘s organization purpose differs; some 

RC‘s are advocated on basic science, other are more connected with technology development and 

collaboration with productive sector, collaboration is mainly supported by PEI‘s funds, because PEI´s pay 

real engineering project hours in contrast with some other types of Ministries-CONACyT funds.  

5.  Findings and Interpretation  

In Mexico, Federal Official Diary specifies enterprise classification; the last modification published on 

2009 defines the stratification of micro enterprises that involves 10 numbers of employees, for small and 

medium classification depends on a factor that contains number of workers, sector and amount of income. 

In accordance to that classification and take into account the last economic survey, Mexico shows the 

following firms composition; micro enterprises comprises 95%, small firms are 3.6%, medium enterprises 

accounts for 0.799% and large firms  

represents only 0.18%. The rate of growth according to firm‘s stratification was positive and  

around 0.9% and 0.1% only for micro and small enterprises respectively and between 2009 and 2013. 

Medium and large firms grow indices decreases between 0.1% and 0.9% correspondingly during the same 

period.  

Classification of firm ś corresponding to industrial sector can be divided by four large sectors as follow: 

Sector 11 comprises agriculture, animal feeding and exploitation, forest, fishing and animal exploitation. 
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Sector 21 includes mining; sector 22 involves generation, transmission and distribution of electric energy, 

water and natural distribution, sector 31-33 accounts for manufacturing industries, rest of sectors 

correspond to tertiary sector (all kind of services) and building industry where included together in this 

analysis.  

Among those sectors the major economic activity as a function of number of economic units corresponds 

to tertiary sector within construction that represents 88%, follow by manufacturing industry with 12%, 

subsequent by sector 11 with 0.5%, sector 21 with 0.07% and 22 with 0.06%. The rate of growth of 

economic units between 2003 and 2013 is less 1% for sector 11, 22 and 21 and for manufacturing industry 

was approximately 2.23% being the leading sector with highest rate of growth.  

Manufacturing industry has an important rate of growth and incomes that have a key impact in the general 

industry in Mexico. Even though tertiary industry accounts for 88% of economic units, this sector 

represents only 43% of total revenues and manufacturing stand for 32%. It cannot compare the amount of 

revenues from manufacturing subsectors and tertiary subsectors income, which are significantly inferior. 

For this reason, a further analysis in manufacture industry is done to understand its composition and 

influence, as can see in exhibit 2. This shows the highest percentage of the five foremost manufacturing 

subsectors. From exhibit 2, it can be seen how the impact of revenues drastically change position versus 

economic units. As can be shown food Industry maintains its position among the three foremost 

subsectors both for number economic units and for percentage of revenues, because food industry has a 

wider composition of different firm‘s sizes. This not happened with manufacture of transport equipment 

and petroleum and coal products where the size of enterprises corresponds to large firms, which represent 

only to 0.18% of total economic units.  

Exhibit 2. Contribution of the five foremost manufacturing subsectors according to the major percentage 

of number of economic units and revenues in 2013. 

Subsector  Percentage of 

economic units  

Subsector  Percentage of 

revenues  

Food industry  35.3%  Manufacture of 

transport equipment  

16.91%  

Manufacturing of 

metallic products  

14.1%  Manufacture of 

petroleum and coal 

products  

16.14%  

Manufacturing of 

nonmetallic minerals 

products  

6.4%  Food Industry  15.56%  

Manufacture of 

furniture, mattresses and 

blinds  

6.2%  Chemical Industry  14.55%  

Manufacture of 

garments  

6.2%  Industry of basic 

metallic  

6.49%  

Source: www.inegi.org.mx 



 

165 

An additional indicator use for this study is the total productivity factor, this indicator obtained by the 

value of production was use to recognize which manufacture subsector have provide a greater value 

through 2005-2011. Data was build and construct by INEGI using diverse data sets, and in accordance to 

the recommendations of productivity manual and OCDE provisions, and EU KLEMS experience.  

Exhibit 3 shows five foremost subsectors in manufacturing, because those subsectors only show positives 

indices among others that display negative indexes through those years. As can be seen in exhibit 3, 

manufacture of transportation equipment has the highest average index, as well as, the major percentage of 

revenues. The classification of manufacture of transport equipment corresponded mainly to automotive 

industry and suppliers that has an active participation in foreign markets.  

Exhibit 3. Average productivity factors of five foremost manufacturing subsectors during 2005-2011 

Manufacture subsector  Average Productivity 

Indicator  

Drinks and Tobacco  0.04  

Machine and equipment  0.12  

Computer, communication, 

measurement and other equipment, 

electronic components and accessories  

0.11  

Transportation equipment  0.89  

Metallic products  -0.10  

Source: www.inegi.org.mx 

With this classification, confirm that manufacture industry is fundamental for economic development and 

growth in Mexico with the five foremost subsectors that drives growth displayed in exhibit 2. The only 

indicators for innovation activities where complement by ESIDET study which includes a section of 

OCDE indicators. Results were grouped and presented in Exhibits 4, 5 and 6. Exhibit 4 describes motives 

of enterprises to carry out innovation activities, from exhibit 4 it can be demonstrated that 60% of 

manufacture industry firms have major interest in accomplish innovation activities in contrast with other 

sectors.  
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Exhibit 4. Firm‘s Motives to carry out innovation activities.Percentage of enterprises by sectors 

 

(1) Includes product, services and methodologies. (2) Developing for new products and process without 

any collaboration. Source: ESIDET 201-2011, www.inegi.org.mx  

The main purposes to undertake innovations activities reported by firms are presented in Exhibit  

5. It shows that Manufacture industry, as well as, tertiary sector accomplish all type of purposes with 

percentages greater than 40%. However, manufactures firms think about more in the importance to have 

flexibility in production (47.92%) and expand the range of products and company services (44.23%). 

While, tertiary firm ś sector looks for complying with regulation and standards (57.74%) and improved 

quality of products and services (57.33%).  

Furthermore, Exhibit 6 illustrates the percentages of enterprises that manifest difficulties to impede 

innovation activities, in this table the highest percentages that firms reported are over 40%. Indeed, 

manufacture firms‘ care about all that difficulties, though the major percentage concentrates on very high 

cost of innovation (43.25%) and lack of funding (43.88%). While, service sectors answers concentrates on 

obstacles of current policy (58.02%) and rigidity of organizational structure (60.14%). Even though that 

response differs, it can be view that problems have external and internal contexts. It can be infer that those 

external drawbacks refer to the system.  
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Exhibit 5. Main innovation purposes that firms accomplish by industrial sectors. 

 

Source: ESIDET 201-2011, www.inegi.org.mx 

Exhibit 6. Percentage of enterprises that reveal type of difficulties that inhibits innovation activities 

 

Source: ESIDET 201-2011, www.inegi.org.mx 
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PEI‘s performance evaluation studies, comes from public entities as National Council of  

Evaluation of Development Politics, CONEVAL, others report comes public or private entities. It was 

reported that PEI‘s programme has been intensely evaluated to determined performance and impact. 

Results of those evaluation pointed out on the following issues: there is no real definition of what involves 

technology development; there are not indicators that can be directly attributable to programme results, 

consequently impact cannot be possible identify, there is no impact information and indicators discernible 

to know whether or not companies have generated innovation or how such firms granted with PEI‘s had 

built innovation capacities. Some others significant problems reported were lacking of project results 

information, redefined criteria and evaluation methodologies for project selection. Recommendation point 

out to include potential target firms that can potentially developed innovations, but had not been 

incorporated as target for this programme.  

Through PEIs, CONACyT have subsided 3,373 companies during 2009 to 2014, from the same period, the 

number of enterprise supported by the programme have been raised, with an average increased rate of 9.02% 

each year. Regarding total amount of funding, it is shown an average increased rate of 21.5% each year, 

starting from around $109 million dollars in 2009 to ended about $260 million dollars in 2014. Table 7 

points up number of project approved in each programme from period 2009-2014. It can be see that 

PROINNOVA funding mode prevails collaboration with RC and HEI ś, the exhibit shows that 

collaboration have quadrupled with an average number of project per year of 253. Besides, it is shown that 

INNOVATEC that corresponds to large enterprises number of project have decreases with an average 

number of projects per year of 173. While for small enterprises have a bit increase rate with an average 

number of projects of 203 per year.  

Table 7. Number of firm‘s project approved by PEI‘s programme in three modes. 

500 400 300 200 100 0 

 

Source: www.conacyt.gob.mx 

PEI‘s programme has national coverage from 32 states there are 8 top Mexican States that received greater 

public resources. The quantity of funds and number companies participating varies from programme 

modes and years, so sponsorship amount goes among $2 million to $6 million dollars for such top states, 
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such subsidies have gone mainly to Nuevo Leon, Coahuila, Jalisco, Estado de Mexico, Distrito Federal, 

Guanajuato, Queretaro and Baja California. That is quite rational, since those States hold leading 

concentration of industries. Additionally, during the same period, it is shown that PROINNOVA mode 

have received half of funding with 51% of resources, 26%INNOVATEC and 24% accounts for 

INNOVAPYME. PEI`s have supported all type of enterprise size prevailing collaboration that goes to RC 

and HEI‘s this indirectly increase R&D capacities. Additionally it was observed that sectors that have 

been beneficiated by PEIs through enterprises, those firm‘s that obtained more than two incentives 

belongs to automotive industry, oil and gas, information technologies sector and pharmaceutical industry.  

Public RC interviews showed few centres are advocated to PEI‘s collaboration in 80% from whole R&D 

activities. Additionally, too few PEI‘s projects have end in technology commercialization scheme with 

companies. Since, PRC‘s have differences on intellectual property policies for such collaboration projects. 

This is presented in Table 8; it can be shown outcomes from RC in terms of technology 

commercialization.  

Table 8. Interview results from Public Research Centres 

VARIABLES  OUTCOMES  

Institutional 

development for 

industry –academia 

collaboration  

Collaboration with industry depends on organisation 

foundation objectives. Research institutions advocated to 

solve technological problems are more active on R&D and 

collaboration projects with productive and public sector. 

Specifically on PEI, this is the only incentive that allows 

funding to wage engineering hours for RC. For those 

centers, R&DI projects goes up to 60%-90% of their main 

activities.  

Patent Activity  Be determined by project negotiation, project purposes 

and intellectual property policies for each centre. IP could 

be 50%-50%, or 80% (for RC)-20% (enterprise), or 100% 

for enterprise contracts projects. Patent applications 

varieties according to RC, the rank of patent application 

varied from 2 and up to 10 each year.  

Technology 

commercialization  

Modest activity 1-2 licenses, unique opportunities  

Source: IPN Research Project 2014012 

6.  Conclusions  

In conclusion, manufacture industry sector is the leading sector with above 2% of increase in rate of 

growth of number of economic units with an important contribution in revenues. Transport equipment 

subsector is the one with the highest productivity index and revenues rate  

comparing all sectors, including the leading one in PEI‘s participation programme.  

It has been demonstrated that manufacture and tertiary sectors achieve a wide range of activities in 

innovation. Nevertheless is not possible to determine how innovation capacities are building up in terms 
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of system, and how is the effect in terms of macroeconomic performance because the majority of sectors 

have negative productivity average rates on INEGIS‘s statistics. Although, productivity indices are not 

directly link to innovation stimuli it can help to view productivity performance as a whole in macro 

economic performance.  

It can be concluded that PEI‘s have pushed firms to increase innovation investment since the number of 

project reflects an increasing on firm‘s participation and investing. Viewing national innovation system as 

a whole, PEI‘s project results could not certainly envisage performance and impact in economic terms and 

how firms are developing innovation capacities or how this capacities have add value. Collaboration has 

increased definitely, because PROIINOVA which is design for foreseeing collaboration have reached 

more than 400 projects comparing other two  

PEI‘s modes.  

In case of RC, it is envisage that they are become a strong technology development partner for enterprises, 

due to the fact that research centres have S&DT capacities, taking into account that major firms, specially 

small and medium firms have not able to gain resources to maintain their own R&D infrastructure. Little 

advances in terms of technology commercialization is also deduce from interviews.  

Even though, ESIDET‘s statistics is an effort to measure innovation activities in Mexico, this scheme only 

provides a general outlook, no specifically associated to measure an impact on specific government 

incentives and policies. Additionally, it was not found a specific tool that measure the impact PEI‘s 

performance since its launch in 2009. The lack of methodologies and indicators directly associated with 

PEI ś performance and its impact on economic growth make difficult to identify which is the value added 

from national industry or industry subsectors. Besides, neither it is possible to determine how PEI‘s 

programme has promoted and embed innovation culture.  

Very little changes form PEI‘s programme have done even though external assessments denote  

important points such as identify firms with innovation potential, who innovates or who do R&TDI 

activities.  

Finally, in terms of policy in the innovation system it can be inferred from PEI´s programme that PEI‘s 

has not significantly evolve in their objectives, because external recommendation have not even been 

completely accomplished. In view of the fact that it has not possible to outline yet a competitive economy 

and innovation capacities directly associated on government main innovation incentives.  

7.  Policy Implication  

Very few changes have done in PEI‘s designed; however, policy makers could enforce and specifically 

measure stakeholder‘s articulation and integration. Interaction could not certainly ensure efficiency and 

performance, or specific impact, since the whole system is disaggregated, pulling in all directions and 

goals. Besides, it is important design programme indicators that help to understand if government funds 
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are really introducing a change or bring tangible benefits.  

8.  Further research  

There is quite a big challenge to understand and determine firm‘s innovations needs and capacities and 

how government incentives have impact in whole system. A particular study is to measure tangible 

innovation capacitates inside organization by industrial subsectors using specific methodologies. Other 

research studies could also be focus specifically on how PEIs  

incentives have supported firm‘s innovation and measure qualitative and quantitative the degree  

of value added for their own sector. Finally, some additional studies on technology and  

knowledge management could also be carried out.  
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Abstract: Today, more than ever, innovation is at the heart of any efforts to deal with the increasingly 

complex challenges of human development, especially so in the developing world. From a Triple Helix 

perspective, the role of entrepreneurial universities in a national innovation system within the context of 

knowledge-based economies is to capitalize knowledge and technology through trilateral networks and 

hybrid organizations. Technology Transfer Offices (TTOs), incubators, Science and Technology Parks 

(STPs) which require close interactions between universities, industry and government are examples of 

platforms through which innovation happens and a knowledge-based economy developed through 

introduction of medium to high technology products. Whereas these theoretical propositions on how 

innovation occurs and on how a knowledge-based economy is created have generated a lot of interest 

among scholars, policymakers and global development bodies, there is a dearth of empirical evidence in 

fast growing economies especially in the developing world on whether an entrepreneurial university is 

emerging, whether it is part of a national innovation system in general and of a Triple Helix in particular, 

and whether a knowledge-based economy is emerging. This paper examines whether a knowledge-based 

industrializing economy as envisaged in Kenya’s most recent development blueprint, Kenya Vision 2030, is 

emerging, and analyzes whether it is facilitated by innovation through a national innovation system (NIS) 

in a Triple Helix configuration.  

Keywords: Triple Helix approach; product innovation; hybrid organizations; knowledge-based 

industrialization; manufacturing       
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1. Introduction and Research Question 

The manufacturing sector is a key component of industrialization as structural transformation. It acts as 

the link between crude extractive activities that characterize the primary sector and the service sector 

through value-addition activities. Value-addition implies higher investments in technical skills and in the 

application of knowledge and technology to drive the growth of vibrant enterprises and of the innovation 

that develops varied competitive products. In a highly competitive world, these investments are at the 

heart of a country‘s competitive edge. The developmental spillover effects are instrumental for the 

attainment of such human development goals as poverty alleviation and improvements in the overall 

quality of life. These investments implied above include such targeted interventions such as conducive 

policy environments, a vibrant STI infrastructure, a national entrepreneurial culture, and synergies in the 

efforts of various institutional actors in the NIS.    

Kenya is an example of a country with a rapidly growing economy. Over the last 10 years, the country‘s 

GDP has been growing at an annual average of around 5 percent. However, this growth has not been 

evident in the growth of the manufacturing sector. Ever since the vital role of this sector in economic 

growth and development was recognized and prioritized in Sessional Paper 10 of 1996 (Republic of 

Kenya, 1996), its performance with regard to contribution to the Gross Domestic Product (GDP) has 

averaged to only around 10 percent. Policymakers and scholars alike agree that this has undermined its 

capacity to drive industrialization in Kenya. The Government has endeavored to address the numerous 

constraints to its growth, and accorded it significant emphasis in the Kenya Vision 2030 as a key driver of 

a knowledge-based economy towards attainment of a middle income rapidly industrializing country. 

Several questions arise from this emphasis. Is there a sectoral innovation system that promises to unlock 

the stagnant sector and propel it to the status of a champion of a knowledge-based, rapidly industrializing 

economy? If it exists, is the configuration structured in a form where the university through generation and 

commercialization of knowledge and technology plays the driving role? To what extent is there synergetic 

co-evolution in the institutional spheres to birth the knowledge-based manufacturing sector? So far, there 

is a dearth of empirical research on these areas in the Kenyan manufacturing sector. The present study 

enters into this debate from this point and attempts to answer two questions: to what extent is Kenya‘s 

manufacturing sector knowledge-based and whether it is based on a Triple Helix? 

2. Literature review 

The Triple Helix research approach focuses on the development of innovations as the basis of a 

knowledge-based economy through trilateral networks and hybrid organizations that are outcomes of the 

gradual co-evolution of the institutional spheres that constitute the triple helix (Etzkowitz and Leydesdorff, 

1995; Etzkowitz, 2013). This conceptualization is represented in the figure below: 
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Figure 1 Trilateral networks in a Triple Helix for manufacturing 

The application of the Triple Helix approach to analyze whether a knowledge-based economy is evolving 

is beset by certain challenges, the most important being the absence of a measurement system that links a 

national growth accounting system that can disaggregate differentiated output from the manufacturing 

sector to knowledge and technology-based product innovations from innovative activities and their 

support ecosystems. Whereas the actual measurement of innovation still relies on the Oslo Manual (OECD, 

2005), that of the development of a knowledge-based economy is complex, with multiple indicators for 

knowledge inputs, stocks and flows, outputs, networks, and learning (OECD, 1996). A useful guide to the 

measurement of innovation from the Triple Helix is contained in the dictum adopted from the Triple Helix 

Workshop at the University of Surrey-an entrepreneurial university, an engaged industry, and an active 

government. This approach needs to be emphatic about trilateral interactions among institutional actors as 

anticipated by the Triple Helix approach so that they become proxy measures of university-led innovation. 

The development of such institutional capabilities such as joint research projects, research centres, 

co-patenting and co-publication, mobility of personnel and ultimately boundary organizations for 

commercialization of knowledge as knowledge networks is dependent on increasingly closer interactions 

between composite institutional spheres that evolve into a Triple Helix and lead to the emergence of a 
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knowledge-based economy. The focus should be on the knowledge distribution power of the innovation 

system, especially among universities and the science system, the industry and the ecosystem facilitated 

by policy action.  

Globally, there have been efforts to measure innovation as evidenced by the development and publication 

of the Global Innovation Index (Cornell University, INSEAD, and WIPO, 2013). Its comprehensive 

coverage of innovation inputs, outputs and efficiency ratio compares rather strongly against the ASTII 

initiative, though countries from Africa are also covered in the GII. It covers institutions, infrastructure, 

human capital and research, market and business sophistication, knowledge and technology outputs, and 

creative outputs. The ASTII Reports (2010, 2012, 2013) cover findings from R&D surveys as guided by 

the Frascati Manual (OECD, 2002)  those from the innovation surveys patterned on the Oslo Manual‘s 

CIS survey (OECD, 2005), and those from bibliometric indicators. There is a discussion on regional 

declarations and country-level STI policies, strategies and action plans but these are not linked to 

economic growth statistics. Thus, there is a shortage of evidence on the innovation-economic growth 

relationship. 

Again, an examination of empirical evidence on the prevalence of the commercialization platforms as 

outcomes of trilateral networks reveals a growth in country investments in STPs, incubators, and other 

hybrid organizations. There is an International Association of Science Parks, IASPs (AAU-AUCC, 2013) 

and a global University Business Incubator Index. However, the extent to which they are outcomes of 

Triple Helix linkages remains blurred. Of course they are a recent phenomenon in Africa, with the earliest 

science parks established in 2005, the earliest incubator in 2008, and only 2 percent of the 385 members of 

the IASPs worldwide being from Africa. What was telling is that enhancing university-industry linkages 

featured only modestly as an objective for their establishment. Empirical studies on the link between these 

platforms and national development priorities are absent for many countries except Taiwan (Wu, 1997) 

and China 9Rao, Piccaluga, and Meng, 2012)         

In the Kenyan context, whereas there have been national innovation surveys as part of a regional effort by 

the African Union-driven African Science, Technology and Innovation Indicators (ASTII) to measure 

innovation, a comprehensive, national measurement of its knowledge distribution power and its impact on 

the growth of a knowledge-based manufacturing sector has yet to be done. Although the GII attempts to 

do so and ranks Kenya at 99 out of 142 countries with an innovation efficiency ratio of 0.8 (26.4/34.1) 

compared to the highest ranked country Switzerland with a ratio of 1 (66.7/66.5), the focus is not on 

sectoral innovation. It is also not possible to tell the extent to which the commercialization platforms exist 

in the country, their relationship to knowledge-based policy provisions, the extent of co-evolution in the 

helices, or the challenges that face their institutionalization in Kenya. The paper seeks to fill that empirical 

gap and in the process analyze whether the configuration of the knowledge distribution networks takes the 

form of a Triple Helix.       
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3. Specific research questions 

The study sought to answer the following research questions: 

i.To what extent do University-Industry-Government Linkages (UIGLs) exist in the manufacturing sector 

of the economy in Kenya? 

ii.To what extent are the UIGLs related to the development of a knowledge-based manufacturing sector as 

envisioned in Kenya Vision 2030? 

iii.To what extent does co-evolution of institutional spheres in the identified UIGLs exist to support the 

emergence of knowledge-based manufacturing in Kenya?  

iv.What are the challenges to strengthening UIGLs in the manufacturing sector of the economy in Kenya? 

v.What support services are needed to enhance UIGLs for the development of knowledge-based 

manufacturing in Kenya?       

4. Methodology 

The study adopted a mixed methods research design entailing a survey of 49 universities in Kenya to 

investigate the extent to which the entrepreneurial university exists in Kenya, a case study of two 

boundary intermediary organizations to investigate whether they qualify to be  Triple Helix 

configurations and document analysis of public policy documents on the performance in implementation 

of the Kenya Vision 2030 national development framework, on the STI system and on the manufacturing 

sector to examine whether a knowledge-based manufacturing sector is emerging. The respondents 

included a sample of 17 senior university managers; 5 senior policymakers in the Ministries of Devolution 

and Planning; Industrialization and Enterprise Development; and Education, Science and Technology, and 

2 representatives of a private sector umbrella body, the  Kenya Private Sector Alliance (KEPSA) and the 

Kenya Association of Manufacturers (KAM). The AAU-AUCC Survey questionnaire was used for the 

survey of universities, the AU-NEPAD CIS Questionnaire adopted from the Oslo Manual was used for the 

case study of one of the manufacturing-based intermediary organizations, interview schedules were used 

for the key policy informants while a qualitative contingency table was used for document analysis.            

5. Findings 

The study found that there were limited university-driven linkage platforms that support the transfer of 

knowledge and technology to the manufacturing sector. Only 5 respondent universities reported having 

any interactions with the sector. Of those, only 2 had boundary intermediary platforms for 

commercialization of knowledge and technology and university-based commercialized products on these 

platforms. These took the form of the Kenyatta University Chandaria Business Innovation and Incubation 

Centre and the Jomo Kenyatta University-NISSIN Foods Limited, a joint venture company producing 

noodles that contained a university-based innovation incorporated in the traditional noodles. Therefore, 
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although there is evidence of an entrepreneurial, third mission oriented university in Kenya, its forays in 

the manufacturing sector are very limited. Such evidence took the following forms: institutional incentives 

such as explicit mention of linkages with the productive sector in institutional strategic plans; designated 

positions to encourage linkages; dedicated offices to facilitate these interactions but with few oriented 

explicitly toward commercialization of knowledge and technology and limited budgets; policies on 

monitoring faculty time spent on third mission activities, conflict of interest, sharing and ownership of IP 

produced by staff, determining the costing and pricing of contract research and consultancy services, 

sharing of royalties and other benefits with external stakeholders, and the evaluation of profitability of 

collaborations with the productive sector.    

The 2 linkage platforms were only tangentially driven by knowledge-based industrialization policy 

priorities. This was determined by relating the objectives in driving the establishment of the 

commercialization platforms and outputs to the policy priorities set out in the national development 

framework, MoEST, and the MoIED‘s sectoral priorities. The Kenya Vision 2030 manufacturing sector 

priorities specifies manufacturing products that would drive regional and international competitiveness but 

these are not the outputs in the two platforms. Thus institutional commercialization agenda and MoIED‘s 

priorities are not in tandem. 

On the question of whether there is evidence of co-evolution in the institutional spheres that comprise the 

triple helix, the study uncovered both continuities and discontinuities, whose net effect was challenges in 

deciding if a knowledge-based manufacturing sector was emerging. There is a nascent national innovation 

system in manufacturing comprising of an entrepreneurial university, active industry and an engaged 

government. Government engagement took the form of policy frameworks that set out economic 

development priorities and support ecosystems including STI infrastructure, among other legal, policy, 

institutional and macroeconomic incentives. Manufacturing is represented by an association of 

manufacturers at MNC, SME, and MSE levels, KAM, and a caucus of private sector interests, the 

KEPSA.  

However, there is evidence of misalignment in inter-rministerial priorities. The priority areas for STI in 

manufacturing as identified by the STI co-ordinating ministry, MoEST and those of the MoIED are 

incongruent, with no mention of how they were to be implemented. As pointed out, the envisaged role of 

universities and what the universities were actually doing was discordant. In that scenario, the extent of 

institutional co-evolution becomes hard to evaluate.  

The study established that lack of financial support for research, a weak research infrastructure within 

universities, and lack of established networks with the productive sector constituted the most significant 

challenges to establishment of UIGLs. Thus, the much needed interventions proposed by respondents 

included funds for conduct and commercialization of knowledge and technology, training for university 

research and academic managers in building relations with the productive sector, and opportunities to 
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learn from institutions that had a history of strong engagement with the productive sector and government 

facilitation.              

6. Interpretation 

Although there is evidence of the gradual emergence of an entrepreneurial university in Kenya, the 

dominant model is the teaching university with a growing component of research. There is recognition of 

the need to incorporate the third mission of economic and social development but the capitalization of 

knowledge and technology that precedes the development of boundary organizations that commercialize 

knowledge is nascent.    

7. Conclusion 

The attainment of a knowledge-based manufacturing sector is unlikely if the current levels of 

university-industry-government linkages persist. 

8. Policy implications  

There is need to strengthen the science system and to prioritize sector-relevant research and its 

commercialisation in manufacturing in both national and institutional policy. 

9. Directions for further research 

Further research is needed in the econometrics of knowledge-based economic growth accounting so that 

the contribution of STI in manufacturing output can be better understood and inform economic growth and 

related policies.  
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Abstract: The purpose of this article is to study a popular type of man-made university science parks in 

China whose mission is to promote university-industry connections and raise regional level of innovation 

and economic growth. We focus on two questions: what are the challenges facing the development of these 

university science parks, and how to balance the role of government in driving innovation and economic 

development in these parks. Through an in-depth case study of one such typical university science park, 

namely the Suzhou Dushu Lake Science and Education Innovation District (SEID), we find many issues 

facing the development of university science parks. We group these issues into four challenge areas, which 

are: priority setting in university development, university-industry collaboration modes, local 

entrepreneurial culture and capacity, knowledge cluster and infrastructure. We find that the local 

government played a critical role in the initial formation of these university science parks. However, in 

order to foster truly productive university-industry R&D connections, government needs to focus more on 

facilitating a nourishing innovation ecosystem, rather than continuing to rely on its heavy handed 

interference. The analysis is embedded in the theories on university-industry connections and innovation 

ecosystems to generate policy recommendations for the future development of university science parks in 
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The Role of Government in Driving University-Industry R&D Connections: 

A Case Study on Suzhou Dushu Lake Science and Education District 

1. Introduction  

In the current knowledge society, technology and knowledge have become key factors for economic 

development. As a major source of advanced technology and human capital, universities are now playing 

an ever more important role in the technological and innovation system of regions and countries. As 

demonstrated by high-tech hotspots around the world such as Silicon Valley in the US and Hsinchu 

Science-based Industrial Park (HSIP) in Taiwan, governments all over the world are realizing the critical 

role of universities in technological and economic advancement of regions, and are paying more attention 

to university-industry connections to facilitate national and regional innovations.  

For developing countries such as China who have been dealing with the challenges of increasing labor 

cost and a slowing economy, government has regarded it a urgent task to transition from a low cost 

manufacturing based economy to a high-tech, knowledge-based economy. During this process, 

universities have become a crucial part of the solution. Local governments all over China are adopting 

aggressive polices to set up more universities, expand current universities and encourage 

university-industry R&D connections to foster a knowledge-driven economy.  

In recent years, governments in China have built up dozens of man-made university science parks in many 

regions to promote university-industry R&D connections. Local governments, through generous subsidies, 

attracted new and existing universities to set up campuses or branch campuses in certain designated lands, 

in the hope that they will provide much needed human capital and technologies to elevate the local 

economy. At the same time, governments often set up incentives to attract high-tech companies to locate 

in the same area, and promote industry-university collaboration, and university technology transfer and 

commercialization programs. Many of these places are also called university towns in popular language, 

such as the Songjiang University Town in Shanghai suburb and Zhuoda University Town in Beijing 

suburb, and Shenzhen University Town in Shenzhen Nanshan district. To be consistent and also to reflect 

the mission of these university towns in promoting university-industry connection and innovation, in this 

paper we use the uniform name of university science park to represent all these science education districts 

or university towns (Chen et l., 2001).  

Unlike the college towns around the world, which have formed naturally such as in Oxford and Boston 

(Yu, 2002), these kinds of man-made university science parks in China are established of government 

planning. Despite the large number of these university science parks in China and its prominent role in 

government policy and regional landscape, by far, systematic and in-depth research on this topic is very 

few. In addition, most of the existing research about university science parks in China tend to study the 

universities in these parks in isolation, without relating them to the innovation ecosystem in the park and 
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the wider region (Chen &Yu, 2002; Li and Xu, 2005; He, et al., 2006; Chen et al., 2015). Thus, more 

research is needed to study the challenges and issues facing university science parks, how to foster 

university and industry connections in these parks, and in the process boost innovation and economic 

growth in the region.   

This study will examine these issues using the in-depth case of one such university science park - Suzhou 

Dushu Lake Science and Education Innovation District (SEID). In 2002, Suzhou Industrial Park (SIP) 

took an ambitious initiative and set up SEID inside SIP as the core program to transform SIP from a 

manufacturing-based region to a technology-based one. The goal of SEID is to attract universities and 

research centers to set up location inside the SIP area, to stimulate university-industry R&D connections 

and regional innovation. SEID is an integral part of SIP, and aims to provide high-level human capital and 

advanced technology to companies in SIP and Suzhou area. Like other such university science parks in 

China, despite its remarkable accomplishments and fast development, SEID has faced many challenges 

and obstacles in achieving its mission. Therefore, it is worthwhile to study the SEID case in order to draw 

lessons for the future development of university science parks in China. 

2. Theoretical Background 

The theoretical underpinnings underlying the fast development of university science parks in China is the 

Triple Helix Theory of university-industry-government relationships (Etzkowitz and Leydesdorff, 1995, 

Etzkowitz and Leydesdorff, 2000). In the Triple Helix model, there is an overlapping of functions between 

the institutional spheres of university, industry, and government, and communication and interactions 

between them promote the production, transfer and application of knowledge (see Figure 1). The Triple 

Helix theory emphasizes the prominent role of the university in the innovation and economic development 

of a knowledge society, however, the roles of the academic, industrial, and governmental contributions are 

not pre-defined and depend on local situations.  

Figure 1: The Triple Helix Model of University-Industry-Government Interactions 
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The overlay of communications and interactions among the three institutional spheres and helices 

develops into an upward spiral, which pushes up the technological level and economic transformation of 

the local economy (See Figure 2). In many countries around the world the Triple Helix concept has been 

used as an operational strategy for regional development and to transition to the knowledge-based 

economy; for example, in Sweden (Jacob, 2006), Malaysia and Algeria (Saad et al., 2008), and Brazil 

(Almeida, 2005). Guided by the Triple Helix theories, China set up many university science parks around 

the country, in order to achieve an innovative environment of strong university-industry R&D connections 

consisting of university spin-off firms and incubators, and strategic alliances, shared laboratories, and so 

on. 

Figure 2: Initiating the Upward Spiral of Triple Helix Innovation 

 

Source: Etzkowitz H & Leydesdorff L, 2000 

The Triple Helix theory denotes not only the relationship between university, industry and government, 

but also internal transformation within each of the three spheres (Etzkowitz and Leydesdorff, 2000). The 

Entrepreneurial University is a central concept in the Triple Helix theory. In addition to the traditional 

tasks of teaching and research, universities are expected to engage in the third mission of socio-economic 

development including developing collaborations with industry through technology transfer and 

commercialization, and providing entrepreneurial training to students and community. This is certainly the 

direction that universities in China are moving into, where more and more attention is being focused on 

technology commercialization, entrepreneurship training, student business plan competitions, and 

encouraging faculty and students to become entrepreneurs.  

Despite the theoretical prescriptions of Triple Helix Theory, how to enhance interactions among and 

within these different development actors in practice remains the development challenge, particularly in 

developing economies. In Triple Helix Theory the interactions among and within the three institutional 

spheres represent the heart of knowledge-based development much like the arteries that stimulates ideas 

and innovation. Understanding how to reduce the blockages and enhance circulation among these actors is 
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thus the key to stimulating innovation and economic development. These circulations include the free flow 

of people, ideas, and innovation, which make up the core elements of a triple helix circulatory system 

(Dzisah & Etzkowitz, 2008).  

In China, various levels of government especially local governments play a strong and active role in 

driving technology and economic development. The past decades of fast economic development since 

China‘s opening up of 1978 owes a great deal to the local governments‘ efforts in supporting economic 

development (Zhou, 2008). A complete laissez-faire stance of the government cannot overcome the 

market failure of science as public goods (Arrow, 1962) and serve the needs of developing countries. 

Learning from the experience of advanced regions such as Taiwan Hsinchu Industrial Park (Chia et al., 

2013), Chinese governments understand well the important role they can play in facilitating the fast 

development of high-tech industries. Thus, in order to transition from manufacturing-based to 

technology-based economy, local governments inevitably took it upon themselves to build 

university-industry connections and achieve technology upgrading and economic transformation. 

However, government force alone is insufficient to make up successful triple helix dynamics, which 

require a favorable innovation ecosystem (PCAST, 2004; Etzkowitz and Leydesdorff, 2000; Chen, 2013). 

An innovation ecosystem consists of many actors such as universities and research institutes, venture 

creators, financial and support organizations, supply chains, labor markets, job-training programs, social 

and non-profit organizations, and so on (Freeman, 1987; Lundvall 1992; Cooke 1997). A fertile 

innovation ecosystem is one that facilitates formation of effective networks and smooth pathways among 

these different actors so that it allows intellectual, financial and human capital to flow to the right 

enterprises at the right phase of development (Gai & Wang, 1999; Chen, 2007; Kanter, 2012).  

AnnaLee Saxenian examined the innovation activities in both Silicon Valley and Boston‘s Route 128 

region, and found that the innovation advantage of Silicon Valley lies in the regional industry structure 

and social network that encourages sharing, labor mobility, collaboration and competition (Saxenian, 

1994). Castilla et al. (2002) to the extent pointed out that ―The most crucial aspect of Silicon Valley is its 

networks.‖ Social networks enhance the capacity for innovation by enabling people to mobilize capital, 

find relevant and reliable information quickly, and link to appropriate outlets. In high-tech in particular, ―it 

is not an exaggeration to say that effective social networks determine a firm‘s chance for survival‖ 

(Castilla, 2002). 

Following the Triple Helix theory as an operational strategy for regional development and 

knowledge-based economy, the Chinese governments are working hard to forge university-industry 

connections in their university science parks, and to promote innovation and economic development. 

However, this is no easy task and there are many challenges in the process. To facilitate triple helix 

interactions, it is important to create an enabling innovation ecosystem that facilitates network formation 

and knowledge sharing among the participants. This paper studies the efforts of SEID government in 
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fostering university-industry connections and local innovation and entrepreneurship, the many challenges 

in the process, and in the end gives policy implications and recommendations for university science parks 

as a whole.   

Suzhou Dush Lake Science and Education Innovation District (SEID) 

The city of Suzhou lies in the east of China, center of Yangtze River Delta, bordering Shanghai on the east, 

the famous Taihu Lake on the west and China‘s largest river Yangtze River on the north. It has a total area 

of 8488.42 sq. km and population of over 10 million people by the end of 2013. Suzhou enjoys a strategic 

geographic location and abounds in waterways and highways, with railway, several expressways, the 

Yangtze River, and the Grand Canal connecting it in all directions. Suzhou port is a first-class port. It is a 

major tourist destination and state-designated historical and cultural city, with its famous oriental gardens, 

waterways, lakes, and other attractions, regarded as one of the two ―Heavens on Earth‖ in traditional 

Chinese sayings and also ―Venice of the East‖.  

In 2013, Suzhou‘s gross regional domestic product was 0.2 trillion USD, ranked first in Jiangsu province 

and 6th among all Chinese cities, behind only Shanghai, Beijing, Guangzhou, Shenzhen, and Tianjin. Its 

gross regional domestic product accounted for 22% of that of the total Jiangsu province in 2013. Suzhou 

includes six districts in the main city and four county-level cities. Suzhou Industrial Park (SIP) was set up 

in 1994 as one of the highest level industrial parks in China, also one of the six districts in Suzhou main 

city. The gross industrial output value of SIP was 71 billion USD in 2013, ranked first among the six 

districts, and accounted for 12% among the total 6 districts and four county-level cities. In 2013, SIP was 

ranked second among all the state level Economic and Technological Development Zones in China, by 

China Department of Commerce (SIP, http://www.sipac.gov.cn/).  

Recognizing the key role of universities in regional technology development, in 2002, SIP set up the SEID 

inside the SIP to help it achieve the goal of industrial upgrading from manufacturing to high tech. Since its 

establishment, SIP has built a strong foundation in manufacturing such as computers, electronics, 

equipment, and many Fortune 500 companies have set up factories there. SEID is planned to cover a total 

area of about 25 square kilometres, and its goal is to become an innovation breeding ground for SIP by 

bringing in higher education and research institutions to establish alongside high-tech companies, to 

provide the necessary high-level human capital and innovation catalyst to help SIP achieve its 

technological upgrading and transformation. 

Higher education zone is a critical part of SEID where most universities and research institutes are located. 

The government provided initial funding support to build campuses and research labs ranging from tens of 

thousands to millions of USD depending on the institution status (whether it‘s branch campus or new 

university), and subsequent subsidy to help the universities and research institutes establishing and 

operating inside SEID. Learning from the experiences of advanced college towns in the world, SEID is 

designed to have public infrastructure and research facilities shared among all the institutes, and fosters an 
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open access and interactive innovation environment. Since its establishment, SEID has attracted 24 new or 

existing institutions of higher education to establish campuses or branch campuses within the district, with 

over 70000 current students and over 5000 faculty members in 2014. There are 46 various training 

institutions, which have trained more than 40000 trainees per year. By the end of 2013, SEID has 

graduated more than 100,000 students, and many of them stayed to work inside SIP. Appendix 1 is a 

listing of the higher education institutions in SEID.  

Figure 3 maps the development of these higher education institutions in SEID. According to functions, 

these institutions could be categorized into three types: comprehensive, research and training, teaching and 

vocational. The color of the circles represents origin of the institutions: Blue means local, red means 

domestic, yellow means sino-foreign collaborative and green means foreign. The diameter of the circles 

represents scale of universities and institutions. We chose the number of full time faculty as an index for 

scale of universities and colleges.  

Figure 3: The Development of Higher Education Institutions in SEID 

 

In addition to universities, the government has set up major research institutes inside SEID. There are now 

over 200 various research institutes. As a prominent research institute in SEID, Suzhou Institute of 

Nano-tech and Nano-bionics (SINANO) was jointly founded in March 2006 by national Chinese Academy 

of Sciences (CAS), Jiangsu Province, Suzhou City and SIP. SINANO‘s research focuses on Nano science 

and technology related to information, energy, life sciences and the environment. SINANO maintains 

close ties with industry, mainly by developing new materials and processes that can be transferred to 

industry. 

At the same time as setting up university and research institutes, SEID government has spent great efforts 

attracting high-tech companies and talent. The government offers generous support to designated 

high-tech companies and individuals through various policies that include startup funding, rent 

waiver/subsidy, loan guarantees and interest waiver/subsidy, personal monetary awards and subsidies, and 
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so on. By 2013, SEID has gathered over 2200 enterprises with advanced technology and promising growth 

prospects. The number of annual patent applications exceeds 4000. In SEID, there are 17 Fellows of the 

Chinese Academy of Sciences and Chinese Academy of Engineering, 97 national ―1000Plan‖ outstanding 

experts (up until 2014), and more than 1500 overseas returnees who are entrepreneurs or technical experts 

in various fields. Among over 40,000 employees in SEID, there are more than 75% college graduates or 

above. 

To help establish university-industry R&D connections and motivate universities and research institutes to 

conduct research geared toward industry needs and commercialize their technology, the government has 

also set up incubators commercialize technologies from these universities and research institutes. 

Examples of government-owned incubators are Biobay, SIP Creative Industry Park, Soaring Innovation 

Park, Nanopolis and Suzhou International Science Park (SISPARK). Appendix 2 lists the major incubators 

in SEID.  

Last but not least, SEID has built a beautiful and comfortable resident community inside itself, which 

made it more attractive for people to work and live inside the same area. Inside SEID there are modern 

theatres, community centers, apartment buildings, libraries, recreation centers, and so on. 

3. Research Approach 

We chose the case study approach to study the interactions between university, industry and government 

in SEID, examine existing problems, and provide future policies suggestions on how to enhance 

industry-university collaborations. Due to the lack of detailed studies on this subject in the literature, we 

believe the case study method is most suitable for uncovering this type of social organization and its 

operations, which is still little understood. Furthermore, case study is fitting to study interactions and 

experiences. We studied documents, interviews, and focus group discussions as the primary sources of 

data, complemented by personal observations and informal discussions.  

We first studied public information such as research reports, annual reports, web pages, plus many internal 

materials and statistics provided by SEID government to get some preliminary impressions and formulate 

more detailed research questions. We then interviewed representatives of universities, research institutes, 

companies, venture capital, non-profit organizations or innovation intermediaries, and the government in 

SEID. Since our research was supported by the SEID government, we were able to gain wide cooperation 

from key people in interviews and valuable information and insights in the process. To guarantee 

reliability, we carefully included representatives from each sectors in our interviews and discussions. The 

people we have included in our interviews and discussions add up to 44, as listed in Appendix 3.  

After the interviews, we conducted three focus group discussions with three different themes, namely, 1) 

SEID/SIP innovation and entrepreneurship services status and outlook; 2) SEID university-industry R&D 

connections status and outlook; 3) SEID innovation and entrepreneurship environment and policy. We 
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chose participants of every group according to a pre-designed theme, and they include relevant people 

from the government, universities, research institutes, companies, venture capital, non-profit organizations, 

professional service companies, technology intermediaries, and so on. During each discussion, the 

participants were allowed to discuss freely and provide their views towards the designated topics under the 

theme. Every focus group discussion is conducted by two steps, the first step was free discussion about 

problems related to the topics to prioritize the problems, and the second step was to propose solutions 

towards the top problems. 

During the process of the research, we went back and forth between interviews/discussions and documents 

to verify questions or new discoveries. Other than the formal interviews and focus group discussions, we 

also used personal observations and informal discussions with participants in SEID to corroborate other 

data sources.  

4. Findings 

Through study of documents, interviews and focus group discussions, complemented by personal 

observations and informal discussions, many issues and challenges have emerged, which could be grouped 

into four main areas, i.e. priority setting in university development, university-industry collaboration modes, 

local entrepreneurial culture and capacity, knowledge cluster and infrastructure. We also find that the key 

challenge emerging across all these issues turns out to be how the government balances its role in triple helix 

dynamics to best facilitate interactions among and within the three spheres of innovation actors.  

Priority setting in university development  

Within a short ten plus years, SEID government has achieved great results bringing to the area 24 higher 

education institutions, hundreds of research facilities, over 76,000 students and 5000 faculty members, 

alongside hundreds of high-tech companies. These high-level institutions and people have brought great 

dynamism to SEID and SIP. This is a great accomplishment from the strong role played by the 

government. However, issues also emerge from this inorganic approach. For example, given the number 

of universities, it is hard for government to continue giving substantial funding to every university, and 

thus support is spread thin among many universities and companies. During our interviews and 

discussions, all of the university representatives have commented that there are too many universities and 

research affiliates in SEID, and the financial ability of the SEID government is insufficient to support the 

development of all these institutions. 

The expectations of SEID towards university development lacks clear priority and has been changing from 

time to time. Under the triple helix vision of the government, the goals of university development include 

educating students, conducting research, and third mission of elevating local economic development 

through technology commercialization and university-industry R&D connections. Development along any 

of these directions takes a long horizon and huge investments. Due to the short history of development, 
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constraint of resources, and lack of priority and stability in government policy, many universities and 

institutions are perplexed about which area to focus on. For example, during our focus group discussions 

of university and research institute representatives, we had the following comments from participants: ―No 

university can be omnipotent, however, SEID government expects all universities to be strong in all 

aspects.‖ ―Our research institute‘s decision making has been influenced by the policy of SEID and 

changing all the time.‖  

In order to facilitate university-industry connections, SEID has given much support including funding to 

setting up research labs for the universities and research institutes in SEID, and these labs are designed to 

be open access for other institutions, companies, or individuals. However, from our interviews we find 

that the utilization rate of these labs is pretty low. We find at least two reasons for this lack of utilization: 

first, the labs need constant investment to operate and stay at the cutting edge yet continuous funding is 

often limited; second, the government preferences in funding direction may not always align with R&D 

needs of university which led to waste of resources. For example, we have the following comments from 

one representative from a university-affiliated research institute: ―Our research institute has built some 

cutting-edge mechanical and electrical research labs, however, the SEID government is more interested in 

supporting disciplines that can be easily commercialized rather than basic disciplines, therefore we did not 

get enough support and funding subsequently and that contributed to low rate of utilization.‖ 

University-industry R&D connections  

Besides bringing in universities and research institutes from home and abroad, SEID has also convinced 

many entrepreneurs to set up their companies inside SEID with generous funding and attractive awards. 

Like many other local governments in China, when deciding which entrepreneurs to attract and what 

government funding and awards to give, SEID government favors projects with a high technology level 

and entrepreneurs with ‗elite‘ status esp. overseas returnees. Therefore, a large proportion of the 

companies in SEID are set up by Chinese overseas returnees with projects of high technology content 

designated by the government. In addition to focusing on high-tech, local government also favors projects 

in key industries it supports, following central government planning and taking into account local 

situations. This leads to many new ventures being established in the strategic industries that government 

emphasizes, such as nanotechnology, biomedicine, cloud computing in recent years. These industrial 

policies can also change some times, especially if there‘s a change in central government planning. SEID 

government is usually very fast in learning the most up-to-date policy focus from central government and 

swift in implementing these new policies. For example, one interviewee complained that for the type of 

e-commerce business he was in, it was hard to get attention and support from the government 

(Interestingly, that changed just half a year later, when government policy started to promote e-commerce 

and Internet +, i.e. integrating Internet into all areas of traditional economy to improve efficiency). On the 

other hand, despite the high technology level of many returnee companies in SEID, these companies are 
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usually weak in understanding the market needs, culture and institutions in China, and therefore often 

have difficulties with market development in China.  

In recent years Chinese governments at different levels have come up with various policies to incentivize 

and promote university-industry R&D collaborations and commercialization of university technology. 

These policies include equity allocation to researchers during commercialization of university intellectual 

property, encouraging university researchers to work part-time in companies, etc. However, inside SEID 

or the wider SIP, the advanced technology level of the high-tech ventures led to a reverse technology gap 

between the universities and companies. Due to the higher level of technology in these companies, it‘s 

hard for the universities to act as a source of technology and become an initiator in triple helix innovation. 

Our interviews show that R&D connections between these universities and companies are scarce and 

currently universities and industries mainly co-exist physically inside SEID or SIP. Companies in SEID 

are not so interested in the technologies in the research institutes within SEID. On the other hand, the 

research institutes and universities in SEID actually found more collaboration opportunities with 

companies outside the SEID or SIP area, which are at a lower technological level.  

SEID government also played an active role coordinating innovation, realizing the importance of 

collaborative innovation in elevating innovation in key strategic areas (Chen & Yang, 2012). SEID set up 

the Soochow University Center for Collaborative Innovation in Nanotech. SEID designated Soochow 

University as the leader, which partners with other universities and research institutes, various incubators, 

venture capitalists, and companies in SEID. SEID government plays a key role securing funding for 

projects, assembling teams, and coordinating resources. Innovation in the center is organized around key 

projects, with a keen focus on industry needs and key strategic areas that could revolutionize or have a 

tremendous impact on the industry. Unfortunately, from our interviews, these collaborative innovation has 

not generated substantial real results. In addition to actively coordinate innovation, SEID government also 

organizes conferences or events to liaise between the university technology and industry needs. However, 

these conferences or events are generally not frequent enough to induce the kind of repeated and 

meaningful interactions between university and industry. In terms of effective social networks among 

innovation actors, they are still lacking in SEID.  

Local entrepreneurial culture and capacity  

In SEID/SIP, government and its various departments, such as the Service Center for Small and Medium 

Companies have undertaken the major part of organizing innovation and entrepreneurship-promoting 

activities. Stories of successful innovation regions in the world show that non-profit organizations (NGOs) 

and the activities they organize play an indispensable role in the local innovation ecosystem in helping 

people network and share knowledge with one another. However, very few NGOs exist in SEID/SIP. 

From our interviews with some NGO representatives in SEID/SIP, the current regulation for NGOs is 

complicated and cumbersome, and sets a high barrier for their establishment and operation. In recent years, 
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SEID/SIP government departments, mainly SIP Service Center for Small and Medium Enterprises, SIP 

Center for Training and Management, SEID Library, plus the various incubators in SEID, have increased 

the entrepreneurship and innovation-related activities. However, due to the lack of other sources of 

activities and participation from grassroots organizations, these activities are still not diverse enough to 

create a vibrant entrepreneurial and innovation ecosystem. For example, we have the following comments 

from interviews and discussions, ―Compared to Beijing, Suzhou has much less non-profit organizations 

and activities, and it is much more difficult if you want to organize something like a reading club‖; 

―Suzhou has many of the components that can make up a good innovative culture and ecosystem such as 

incubators, venture capital; however it lacks something that pulls all of them together and create that kind 

of innovative atmosphere and culture‖, ―Unlike other cities such as Beijing or Shenzhen, Suzhou has not 

developed a reputation for a conducive entrepreneurial atmosphere or ecosystem‖.   

To enhance the local innovation ecosystem, SEID government has set up business incubators by itself and 

also encouraged universities and private sector to do the same. Having sufficient incubators is a central 

part of triple helix dynamics and local innovation ecosystem. Business incubation is an important business 

service that supports the successful development of start-up and fledgling companies by providing 

entrepreneurs with an array of targeted resources and services (Kathleen, 2006). Currently there are about 

more than 30 and still growing incubators in SEID with various focuses. Up until summer 2014, most of 

the incubators were hosted by the government or universities (See Table 2 (appendix 2) for a listing of the 

major incubators), with their main functions as providing space, facilities and routine services such as 

business registration or policy orientation, and are usually high in entry barrier and weak in 

entrepreneurship support services. Since Fall 2014, under the call of Chinese Premier Li KeQiang to 

promote Entrepreneurship for the Masses and set up Incubators for the Masses around the country, SEID 

brought in a new group of incubators, many of them hosted by the private sector. These incubators are 

geared to lower the barriers of entry, and provide more advanced entrepreneurship support services, such 

as training and coaching, business development, financing, recruiting, social networking, etc. To 

encourage these incubators, SEID government provides them with support such as funding, rent 

waiver/subsidy and other favorable policies. This has dramatically improved the level of incubator service 

quality in SEID.  

SEID, like many Chinese local governments, acts as a public entrepreneur and venture capitalist to 

facilitate innovation and entrepreneurship in the area. During our interview of venture capitalists in SEID, 

we found that the SEID government has made great efforts promoting the development of the local 

venture capital scene. In earlier years these meant setting up government-owned venture capital firms such 

as Suzhou Venture Group, which invested directly in companies. For example, one interviewee told us 

that he set up his biotech company in SEID because SEID government gave him venture funding right 

after the 2008 financial crisis, when private venture funding went dry. More recently, government has 
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stepped back and got less involved in directly investing in companies, and its efforts shifted to operate 

fund of funds, i.e. investing in other venture capital firms, subsidizing or co-investing with other venture 

capitalists, and so on. In SEID we find a large proportion of venture capital firms has varying different 

degrees of government background or influence. From our discussion, we find that when these venture 

capital firms make decisions, they often tend to follow the government policy, such as which key 

industries to support. This leads to rent seeking tendencies by the entrepreneurs as to what industries or 

projects to focus on. After getting funding from government-influenced venture capitalists, the downside 

is that government often can interfere with the business and give firms directions to align them with the 

goal of the government planning, which some times may deviate from the market signals.  

Knowledge cluster and infrastructure  

In its earlier development, SIP attracted many Fortune 500 companies to set up factories in SIP, for 

example the most well known among them Samsung and Bosch. SIP and the wider Suzhou area over the 

years have formed some strong manufacturing basis in hi-tech products such as computer, electronics and 

equipment. Suzhou‘s six pillar industries of electronics, steel, electrical, chemical, textile and general 

equipment manufacturing generated total industrial output value of 0.33 trillion USD in 2013, accounting 

for 57% of the total industrial output value in Suzhou. In particular, major companies in computer 

telecommunications and other electronic equipment manufacturing accounts for about 28% of total 

industrial output value. Suzhou is one of the largest laptop production base in the world and produced 

190,000 laptops per day in 2013. See Table 1 for more detailed figures of hi-tech manufacturing industry 

in Suzhou. 

Table 1: Main Economic Indicators of Hi-Tech Manufacturing Industry  

above the Designated Size in Suzhou (2013) 

Industry 
Industrial Output Value  

(RMB In millions) 

Aviation and Aerospace 3,806 

Computer and Manufacturing of Office 

Appliance 
234,279 

Electronics and Communications Equipment 521,256 

Biomedical Manufacturing 36,818 

Instrument Manufacturing 19,313 

Electrical Equipment Manufacturing 205,218 

New Material Production Industry 249,964 

New Energy Manufacturing 47,649 

Hi-Tech Manufacturing Industry Total       1,318,304 
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Source: Suzhou Statistical Yearbook (2014) 

However, in the recent decade with the rising labor cost in eastern China area and especially with impact 

of the financial crisis after 2008, the manufacturing industry has been grappling with increasing 

difficulties. With many factories moving out to countries of lower labor cost, and the task of industrial 

upgrading in the region has become more urgent. With the establishment of SEID inside SIP, SIP has now 

been focusing more on new and emerging industries such as nanotechnology, biotech, cloud computing. 

Similarly, efforts in industrial upgrading are also taking place in the wider Suzhou area. See Table 2 for 

more detailed figures of emerging industries in Suzhou.  

Table 2: Main Economic Indicators of Emerging Industries  

above the Designated Size in Suzhou (2013) 

Industry 
Industrial Output Value  

(RMB In millions) 

New Flat Panel Displays  276,108 

New Materials  387,855 

Smart Grid and Internet Of Things  142,498 

High-End Equipment Manufacturing  283,554 

Energy Saving and Environmental Protection  113,500 

New Energy  91,264 

Biotechnology and New Medicines  51,431 

Integrated Circuit 34,454 

Emerging Industries Total       1,380,663 

Source: Suzhou Statistical Yearbook (2014) 

In order to promote the development of emerging industries, The SEID government has devoted a large 

amount of efforts and resources shaping cluster formation according to its vision, through the means of 

government-owned business incubator space that each focus on a key emerging industry the government 

focuses on. For example, Biobay focuses on biomedicine, Nanopolis on nanotechnology, and SISPARK 

focuses on cloud computing, software, etc. The government also has spent a lot of efforts recruiting 

companies to set up inside these incubators, many of which have stringent criteria of entry and strong 

industry focus. This results in collections of homogeneous companies clustering inside an incubator, for 

example many of the companies in Biobay are ventures by overseas returnees with a high technology level 

but often small in size. From our observation and interviews, we find that some of the government-owned 

incubators such as Nanopolis are not well occupied and still lacking the critical mass to generate the kind 

of cluster effects.  



 

205 

5. Discussions and Policy Implications 

The primary focus of our paper is to use an in-depth study of the SEID case to understand how university 

science parks work in China, particularly the challenges involved in their development and the role of 

government. Throughout the research, we have found that local governments such as SID and SEID play a 

major driving force in the triple helix dynamics. However, governments often go too far in their active 

involvement of economic activity and direction setting. We discuss our findings below and give our 

recommendations for future policy to deal with the challenges in SEID development. Table 3 sums up our 

discussions and lists our proposed policy implications.  
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Table 4: Summary of Findings and Corresponding Policy Implications 

 
What SEID government 

has done 

What SEID government 

should do more 

What SEID government 

should do less 

Priority setting in 

university 

development 

Introduced 24 higher 

education institutions to 

SEID and offered 

generous support 

including substantial 

funding 

Should focus resources 

on key institutions with 

greater potential and 

match with local 

economy  

Should not focus on the 

number of universities in 

SEID and spread its 

resources thin among all 

these universities  

Used undifferentiated 

and some times 

changing criteria to 

evaluate universities 

and expect them to be 

strong in all aspects 

including teaching, 

research, and 

technology 

commercialization 

Should allow universities 

to capitalize on their 

strengths and develop 

different centers of 

excellence   

 

Should not expect all 

universities to be 

omnipotent 

Funded research labs 

and facilities but with 

preference in funding 

direction 

Should let universities 

decide what they know 

best - their own research 

direction and lab 

Should be less involved in 

decision making about what 

kind of research labs 

universities should establish 

University-industry 

collaboration modes 

Attracted many 

entrepreneurs to set up 

companies in SEID, 

many of them overseas 

returnees with high-tech 

content and in key 

industries, yet these 

companies often have 

difficulty developing 

markets  

Should promote 

entrepreneurship in all 

areas, including local 

entrepreneurs who 

understands the market 

best and projects not 

necessarily with a high 

technology level 

Should not overly focus on 

supporting and rewarding 

high-tech content, key 

industries, or ‗elite‘ 

entrepreneurs such as 

overseas returnees and 

neglect business model 

innovations  

The introduction of 

many high-tech 

companies with 

advanced technology 

level led to a reverse 

technology gap with 

universities in SEID 

Should have a diversity 

of companies in SEID 

and be open about what 

kind of collaborations 

come about  

Should not force 

university-industry 

collaborations within SEID 

universities and companies  

Actively coordinates 

key innovation among 

universities and 

industry, and sponsor 

conferences to liaise 

between the two 

Should focus on 

providing public goods, 

overcoming market 

failure, and building 

platforms to help 

university-industry R&D 

Should do less of directly 

coordinate innovation or 

sponsor conferences  
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collaboration 

Local entrepreneurial 

culture and capacity 

Established many 

government or 

university-owned 

business incubators and 

supported 

private-owned 

incubators  

Should support a more 

diverse group of 

incubators with more 

focus on entrepreneurship 

mentoring and services  

Should not focus on the 

quantity of incubators but 

more on quality 

Supported local venture 

capital landscape by 

establishing 

government-owned 

venture capital, and 

moved from investing 

directly in companies to 

indirectly as fund of 

funds in other 

private-owned venture 

capital and providing 

subsidies  

Could do more on 

supporting the 

development of local 

venture capital through 

the demand side of 

supporting innovation 

and entrepreneurship 

activity  

Should refrain from  

influencing investment 

decisions of venture capital 

and interfering with 

operation of invested 

businesses 

Government organizes 

many entrepreneurship 

related training and 

activities  

Should simplify the 

registration and 

management of NGOs, 

focus on supporting a 

vibrant bottom up 

entrepreneurial ecosystem 

and effective social 

networks and activities 

from the masses  

Should do less of organizing 

activities by the government 

and rely more on 

self-organizing of local 

participants   

Knowledge cluster 

and infrastructure 

Played an active role 

shaping cluster 

formation in 

government-owned 

incubator space 

focusing on key 

emerging industries 

such as nanotech, 

biomed, or cloud 

computing, yet many 

still lacking cluster 

effects  

Should respect local 

strengths and weaknesses, 

and support the 

emergence of industry 

clusters on their own  

Should not force cluster 

formation by following 

government vision of key 

industries and recruiting 

similar firms to locate in 

cluster-themed incubators  

 

First of all, we think SEID government has made great accomplishments bringing in 24 universities and 

hundreds of research facilities to SEID. However, the success of the triple helix dynamics depends more 
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on the quality than the quantity of the universities. Therefore, we think the government should focus more 

resources on supporting key universities instead of spreading its resources among too many institutions. 

We find that it is important for the government to set up appropriate expectations for the development of 

universities and research institutes in SEID in their roles of teaching, research, and technology 

commercialization. In evaluating universities, the government should allow universities to capitalize on 

their strengths and develop different centers of excellence rather than expecting them to be omnipotent in 

all aspects. In funding of research labs and facilities, the government should respect the decision of 

universities in direction setting so that these facilities can better serve the university needs.  

Second, SEID government has brought many hi-tech entrepreneurs to set up companies in the area, many 

of them overseas returnees with a high technology background. However, SEID‘s over fixation on 

projects of high technology level and elite entrepreneurs led to a domination of returnee companies with 

high technology, but weakness in market development. Furthermore, these hi-tech companies tend to 

gather in the strategic industries defined by the government (Dong, 2013a). On the other hand, the 

underrepresentation of local entrepreneurs and lack of diversity in SEID leads to the reverse technology 

gap and made university-industry collaboration difficult between SEID universities and companies. The 

government has played an active role setting up centers, providing funding, and coordinating key 

innovation, however, these are far from enough to generate deep and meaningful university-industry 

connections. In triple helix dynamics, both formal collaborations and informal activities are needed (Bush 

et al. 2001). Therefore, we think the government should focus more on providing public goods for 

innovation, overcoming market failure, and building platforms to help universities and companies 

discover R&D collaboration themselves.  

Furthermore, SEID government has made tremendous efforts in setting up and supporting local incubators 

and venture capital, and organizing entrepreneurship training and activities. This has greatly contributed to 

the local entrepreneurial culture and capacity. However, creating a vibrant entrepreneurial and innovation 

ecosystem needs the active participation of a diversity of players who can self-organize to form a 

beneficial symbiotic relationship. In SEID government-organized or sponsored activities still dominate. 

The registration and operation of NGOs are still cumbersome, which is a barrier to more 

entrepreneurship-related NGOs and activities at the grassroots level. In terms of promoting venture capital 

development, Gompers and Lerner (1998) also found that it‘s more effective for the government to focus 

on the demand side, i.e. boosting local innovation and entrepreneurial activity, than the supply side, i.e. 

providing funding. Therefore, we think to enhance the innovation ecosystem, government should now step 

back from the overly active role in directly managing incubators, investing in companies and organizing 

activities, simplify the registration and management of NGOs to allow grassroots organizations and 

activities to thrive in a bottom up fashion, and motivate a diversity of players to make up a nourishing 

innovation and entrepreneurial ecosystem. This also includes more private incubators, which focus on 
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entrepreneurship services instead of land space, and more venture capital with no influence or interference 

from the government.   

Finally, SEID government has been working hard and achieved certain results moving away from 

manufacturing and upgrading to emerging high-tech industries. The governments in Suzhou and other 

parts of China understand well the importance of industry clusters to innovation (Marshall, 1920). 

However, scholars such as Porter (1998) have pointed out that government should promote cluster 

formation and let market forces determine the outcomes of clusters, but should not choose among clusters. 

Government policies or strategies work best when they are based on the underlying capabilities and 

institutional foundations of the local economy (Kanter, 2012). Compared to SEID and Suzhou which is 

more of the norm in China, another major city Shenzhen has been more open and accommodating in the 

types of companies and industries it supports, backing both high-tech and low-level manufacturing, elite 

returnees and grassroots entrepreneurs, key industries or not. Over time, local entrepreneurs near 

Shenzhen have been able to capitalize their strengths and move gradually from imitation to micro 

innovations, developing some powerful companies and industry clusters, forming a complete supply chain 

in the vicinity. We think SEID should learn from the Shenzhen example and be more open and 

accommodating, and allow clusters to emerge on their own. The government should support key industries, 

but should not force cluster formation through recruitment of firms to fit in government-owned incubators 

with stringent criteria. It is more important to create a supportive environment where companies can thrive 

and form clusters of their own. 

6. Conclusions 

First of all, this study contributes to Triple Helix Theory by studying the micro interactions in triple helix 

dynamics, which are sorely needed to fill in details for the Triple Helix Theory literature. In addition, by 

studying the challenges in university science parks, not just the best practices prevalent in the literature, 

this adds to a more complete picture for Triple Helix Theory in action. With the development of university 

science parks all over China, and wider application of Triple Helix Theory in driving economic growth in 

the world, this is a timely contribution to enrich the Triple Helix Theory and make it more applicable to 

real world situations.  

Furthermore, this study also contributes to the practice and policy of university science parks. With the 

development of university science parks all around China and in other parts of the world, it is holding big 

stakes for the technological advancement and economic development of China and other particularly 

developing countries. SEID‘s experience is typical with many of the university science parks in China. 

Through the in-depth case study of SEID and learning about the challenges involved, we drawing valuable 

lessons about the future development of university science parks. Many of the lessons can be applied to 

university science parks in other parts of China and some may apply to other countries as well.   
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As reflected in the SEID case, Chinese local governments play an important role in driving all aspects of 

innovation and entrepreneurial activity. On the one hand, we are deeply impressed by the ambition and 

power of local governments in mobilizing resources and achieving huge accomplishments in a short 

amount of time. On the other hand, we see the many challenges associated with government heavy-handed 

involvement with university-industry connections and the regional economy. Too much government 

involvement distorts market signals and leads to wasted time and resources and off-track directions in 

other sectors of the economy. There have been many examples of company failures due to heavy 

involvement of local government (e.g. Dong, 2013b). No wonder the chairman of Alibaba Jack Ma (Ma, 

2015) commented that the largest proportion of his time was spent on balancing relationship with the 

government and cautioned companies that they should date the government, but don‘t ―get married‖, i.e. 

meaning don‘t let company direction and strategy be affected by the government – a delicate balance 

indeed.  

In particular, From SEID case we can also clearly see Chinese government‘s preoccupation with high-tech. 

Many local governments in China like SEID have been eager to rise above traditional manufacturing and 

upgrade to their so defined high-tech industries through various incentives and favorable policies. It is a 

common dream of local governments in China to become the next Silicon Valley, SEID included. Yet 

many attempts at imitating Silicon Valley have failed because they neglected the strengths and 

weaknesses of the region and the developmental stage of the region. A careful look at China‘s situation 

reveals that the real strengths of many Chinese companies tend to be micro innovations around the most 

cutting edge innovation in the world (Breznitz & Murphree, 2014). These micro innovations usually do 

not have a high level of technology breakthrough but tend to be tweaks geared towards market needs (Tse, 

2012). Chinese local governments and university science parks such as SEID need to be more open and 

accommodating in developing their technology and industry policies and allow all flowers to bloom and 

industry clusters to emerge on their own, based on local endowment and market situations.  

Therefore, for SEID and other university science parks in China, we think the most critical challenge is 

how to achieve the delicate balance in the role of government to build an innovation ecosystem to nourish 

university-industry connections, without interfering with market signals. The local governments in China 

have clearly become the driving force in the triple helix model of government-university-industry 

connections. However, building strong university-industry connections inevitably needs a vibrant 

innovation ecosystem, which needs the active participation and self-organization of various innovation 

players in a bottom up fashion (Kanter, 2012; PCAST, 2004). Therefore, instead of directly interfering 

with the direction of technology development and hand pick universities, companies, and industries to 

subsidize or support, the government should put more efforts on developing a self-sustaining innovation 

ecosystem where a diversity of players can come together, form effective social networks, share 

knowledge and information, and collaborate on innovation and development.  
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Appendix1: Universities and Colleges in SEID 

No

. 
Category Name 

Time of 

Establishmen

t in Suzhou 

Number of 

Faculty 

Number 

of 

Students 

Training and Degree 

Programs 

Number 

and 

Amount 

of Vertical 

Project 

Grants 

Industry-University 

Collaboration 

Accomplishments 

Labs 
International 

Collaboration 

1 

Domestic 

Universit

y 

University of 

Science And 

Technology of 

China-Suzhou 

（USTC-SZ） 

2003 150 900 

Master of 

engineer(ME); 

Master of Public 

Administration 

(MPA); 

Master of Business 

Administration 

(MBA) 

37 

50million 

RMB 

Intern Base 

1 Enterprise 
8 Labs 

The Chinese 

University of 

Hong Kong; 

 University of 

Birmingham 

2 

Xi‘an Jiaotong 

University 

Suzhou 

Academy 

（XJTU-SZA

） 

2004 400 1300 

ME、MPA、MBA；
Enterprise Training 
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18 Enterprises 

3 university science 

parks (USPs) 

19 Labs 

The Hong 

Kong 

Polytechnic 

University; 

National 

University of 

Singapore 

3 

Nanjing 

University 

Suzhou 

Academy 

（NJU-SZ） 

2003 —— —— 

ME、 

Juris Master(JM)、 

MPA、MBA 

—— 1 USP 11 Labs —— 

4 

Southeast 

University 

Suzhou 

Research 

Institute 

（SU-SZRI） 

2005 20 700 —— 
10million 

RMB 

1 USP 

20 Enterprises 
12 Labs 

Monash 

University 
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5 

Renmin 

University of 

China 

International 

College 

Suzhou 

Research 

Institute 

（RUC-IC） 

2007 42 1200 

Training For 

Government, 

Enterprise, Society 

 

—— Joint Research 

3 

Researc

h 

Centers 

Various 

International 

Collaboration 

 

6 

North China 

Electric Power 

University-Suz

hou 

（NCEPU-SZ

） 

2010 10 —— —— —— 15 Enterprises 1 Lab —— 

7 

Shangdong 

University 

Suzhou 

Academy 

（SDU-SZA） 

2012 9 —— 
ME、JM、MPA、

MBA 
—— —— —— —— 

8 

Sichuan 

University 

Suzhou 

Academy 

（SCU-SZA） 

2007 43 —— 
MBA、

Remote-Education 

 

—— —— 7 Labs —— 

9 

Domestic 

Universit

y 

Wuhan 

University 

Suzhou 

Institute 

（WHU-SZI） 

2008 —— —— 
MBA、ME 

 
—— 11 Enterprises —— —— 

10 

Soochow 

University 

（SCU） 

2004 800 13000 MPA、ME 1000 68 Enterprises 

7 

Researc

h 

Centers 

, 

3 Labs 

Various 

International 

Collaboration 
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11 

Sino-Fore

ign 

Joint 

Schools 

Southeast 

University-Mo

nash 

University 

Suzhou Joint 

College 

（SU-MU） 

2012 20 600 —— —— —— —— 
Monash 

University 

12 

Renmin 

University of 

China 

Institute of 

France-China 

（IUC-IFC） 

2012 69 1000 —— —— —— —— 

International 

Collaboration 

In France 

13 

Xi'an 

Jiaotong-Liver

pool 

University 

（XJLU） 

2006 600 8000 
Training For Society 

 
60 Joint Research 

7 

Researc

h Ceters 

Various 

International 

Collaboration 

14 

Foreign 

National 

University of 

Singapore 

(Suzhou) 

Research 

Institute 

(NUS Suzhou) 

2010 40 —— 

Training For 

Government, 

Enterprise, Society 

 

—— 
15 Enterprises 

Innovation Center 

7 

Researc

h 

Centers 

, 

3 Labs 

Various 

International 

Collaboration 

15 

University of 

Dayton 

(Suzhou) 

（UD-SZ） 

2012 —— —— 

Training For 

Enterprise 

 

—— Joint Research 

1 

Researc

h 

Centers 

Various 

International 

Collaboration 

16 

The George 

Washington 

University 

(Suzhou) 

(GWU-SZ） 

2012 —— —— —— —— Joint Research —— 

Various 

International 

Collaboration 
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17 

Foreign 

Schools 

SIP-UCLA 

Institute For 

Technology 

Advanced 

（UCLA-SZ） 

2012 5 —— 
Training For 

Enterprise 
—— 

Incubator: Xlab 

Technology Service 

4 

Researc

h 

Centers 

International 

Collaboration 

In CA,USA 

18 

Karlsruhe 

Institute of 

Technology(S

uzhou) 

（KIT-SZ） 

2014 —— —— —— —— —— —— —— 

19 

SKEMA 

Business 

School 

(Suzhou) 

（SKEMA） 

2009 30 800 
Training For 

Enterprise 
—— Joint Education —— 

Various 

International 

Collaboration 

20 

Local 

Schools 

HKU Space 

Global College 

Suzhou 

(HKU-SPACE

) 

2005 100 —— Occupation Training —— —— —— 

International 

Collaboration 

In HK 

21 

Suzhou Global 

Institute of 

Software 

Technology 

（GIST） 

2009 22 340 Occupation Training —— —— —— 

International 

Collaboration 

In UK, USA 

22 

SIP Institute of 

Services 

Outsourcing 

（SISO） 

2008 166 1000 Occupation Training —— —— —— —— 

23 

SIP Institute of 

Vocational 

Technology 

（IVT） 

1997 394 4000 Occupation Training —— —— —— —— 
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24 

SIP Industry 

Technology 

School 

（SIPITS） 

2005 146 3000 Occupation Training —— —— —— —— 
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Appendix 2: A List of Major Incubators in SEID 

No. Category Name 

1 

Government-owned 

Incubator 

Suzhou International Science Park 

2 SIP Biobay 

3 Nanopolis Suzhou 

4 Soaring Innovation Park 

5 SIP Creative Industry Park 

6 
Suzhou Nanotech National University 

Science Park 

7 

University-affiliated 

Incubator 

Southeast University Science Park (Suzhou) 

8 Xi‘an Jiaotong University Science Park(Suzhou) 

9 Soochow University Science Park 

10 
University Of Science And Technology Of China 

Science Park(Suzhou) 

11 Nanjing University Science Park (Suzhou) 

12 
Renmin University Of China 

Cultural Science Park(Suzhou) 

13 Wuhan University Science Park（Suzhou） 

14 Sichuan University Science Park（Suzhou） 

15 Soochow university Tian Gong Incubator 

16 
North China Electric Power University 

Science Park(Suzhou) 

17 

Other Incubators 

The Founder 

18 36Kr Space 

19 Lenovo Star 

20 Maker State 

21 Dandelion Innovation Club 

22 CICI Dream Factory 

23 Innocafe 

24 UCLA XLab 

25 Global Gbox 

26 Elite forum 

  … 
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Appendix 3: List of people included in interviews or discussions 

Category Name Institution and Title 

Government 

Representatives 

Fang Xia SIP, Vice President 

Weiming Jiang SEID, Vice President 

Xiaopeng Qin 
Science and Technology Bureau of Suzhou, 

Director 

Yile Wang SIP Training Management Center 

Lifeng Zhu 
SIP SME service center,  

Vice Director 

Yuwen Liu Biobay Science Park (state-owned); CEO 

Di Ma 
Suzhou International Science Park 

(state-owned); Associate President 

Jing Ji 
SEID，Vice President  

Soochow Uni Nano Institute, Director 

University 

Representatives 

Ming Ma 
SIP-UCLA, Institute for Advanced 

Technology, Director 

Guoyang Qiu 
Soochow University Science Park; General 

Manager 

Haihong Yu 
Xi‘an Jiaotong University 

Suzhou Academy, Vice President 

Youmin Xi 
Xi'an Jiaotong-Liverpool University, 

President 

Weigong Zhang 
Southeast University 

Suzhou Research Institute, President 

Keqin Zhang 
Soochow University, Professor 

1000Plan Recipient  

Ke Xu 
China Academy of Science, Professor 

Nanowin technology Co., Ltd, Founder 

Shubei Wang 
Xi‘an Jiaotong University 

Suzhou Academy, Manager 

Yuan Xu 
University of Science And Technology of 

China-Suzhou, Director 

Zhisen Li Skema Business School, Vice President 

Wensheng Zhou 
SIP-UCLA, Institute For Advanced 

Technology, President 

Shumin Liu 
National University of Singapore (Suzhou) 

Research Institute, Manager 

Yinghai Wang 
SIP Institute of Vocational Technology,  

Vice President 

Fang Yuan 
Soochow University 

Tiangong Incubator; General Manager 

Jian Xi 
Soochow Univ, Technology 

Commercialization Bureau 

Industry 

Representatives 

Shuai Wang Repai.com, Founder 

Shui Xi 
VINNO Technology (Suzhou) Co., Ltd, 

General Manager 

Hong Tan ET Healthcare Co., Ltd, CEO 

Yihang Dong Best color company, General Manager 

Cheng Peng Jusheng Solar Co., Ltd, CEO 

Tao Lin 
VINNO Technology (Suzhou) Co., Ltd, 

Engineer 

Biwang Jiang Nanomicrotech Co., Ltd, Founder 

Hui Ren Beaverbio Co., Ltd, CEO 

VC Xiaojun Chen Qina VC firm, Manager 
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Representatives Boping Shi Oriza holding VC firm, Manager 

Zonghao Xi Rongda VC firm, Manager 

Service 

Professional 

Representatives 

Yang Wang T-site Technology Intermediary, Founder 

Xinyue Liang 
Peking University 

Tech Transfer Center(Suzhou), Director 

Wei Ji 
Human Pool HR Outsourcing Co., Ltd,  

General Manager 

Bob Gu Toastmasters SIP Chapter 

Longhua Guo Wanglong Accounting Firm, Partner 

Chuang Yun Manxiu law firm, Copartner 

Zhuowen Qin Xieda law firm; Copartner 

Tao Chen Technology Intermediary, Founder 

Liuyi Song Inno café; Founder 

Jiacheng Zhang Lenovo Star training center; Director 
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The Impact of the Triple Helix System of University-Industry-Government Collaboration on 

Regional Entrepreneurship in China 

Abstract:The paper examines the influence of the triple helix system of university-industry-government 

collaboration on regional entrepreneurship. We test our hypotheses by utilizing proprietary survey 

data collected from industry, academic, and government institutions that have engaged in technology 

collaboration in six representative Chinese regions. Applying factor analysis and structural equation 

modeling approaches, we find that trilateral collaboration, network relationship, and 

complementarities manifested in the university-industry-government collaboration all have a positive 

influence on regional entrepreneurial environment and activities. Further analysis reveals that the 

influence of the triple-helix complementarity on regional entrepreneurship environment and activities 

is more salient in more developed areas, while the triple helix collaboration and network relation have 

stronger impact on regional entrepreneurship environment and level in less developed areas. Our 

study contributes to the burgeoning literature on the triple helix system by explicitly linking the 
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micro-level university-industry-government relationships with the macro-level regional 

entrepreneurship development in an important emerging economy context. It highlights the crucial 

role of the triple helix system in contributing to regional and national innovative capacity and 

economic development.  

Keywords: Triple helix system; University-industry-government collaboration; Regional 

entrepreneurship; China 
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The Impact of the Triple Helix System of University-Industry-Government Collaboration on 

Regional Entrepreneurship in China 

1. Introduction 

Entrepreneurship has become a crucial factor of national competitiveness by contributing to 

technological innovation and economic growth (Schumpeter, 1942). As the world economy is 

increasingly driven by knowledge creation and commercialization, establishing a national innovation 

system capable of such knowledge-based development becomes a central goal of numerous developed 

and emerging economies. Such a system moves beyond the boundary of a single institution and often 

requires dynamic interactions among a variety of entities including universities, research institutes, the 

government, public and private enterprises to jointly promote knowledge creation and economic 

development. Academic researchers and policy makers have attempted to capture regional and 

national innovation capacity building and knowledge-based economic development from different 

angles. One of the most cited models is the triple helix system of university-government-industry 

collaboration (Etzkowitz and Leydesdorff, 1997, 2000; Etzkowitz, 2008; Leydesdorff, 2000; 

Leydesdorff and Meyer, 2006). The triple-helix model highlights the interrelated roles of three key 

institutions, namely universities, industries, and the government, in an economy‘s innovative process. 

According to Etzkowitz (2008), the integration among these three entities is the key to innovation and 

growth in a knowledge-based economy. Nations fostering an infrastructure of links among universities, 

companies, and the government often enjoy a competitive advantage through better creation and 

utilization of knowledge (Mueller, 2006). The triple-helix model thus provides an analytical 

framework for explaining and analyzing the dynamic innovation processes and complex networks for 

knowledge exploitation and economic growth. 

In spite of its popularity, extant literature has mainly implemented the triple-helix model in a 

descriptive way by applying the case analysis method to explain mutual dependence between the three 

spheres of this model in a nation‘s innovative system. For example, Etzkowitz et al. (2000) utilized 

this model to explain the evolving role of universities in technological innovation and the strategy of 

national governments in encouraging such a transition in US, UK, Europe, and Latin America. 

Etzkowitz and Klofsten (2005) employed this framework to analyze the role of academia and 

government in the economic development of a Swedish region. Marques et al. (2006) applied this 

perspective to illustrate how interactions between universities, industries, and the government help 

promote a regional system of innovation and entrepreneurship in Portugal. Eun et al. (2006) deployed 

this framework to discuss how university-run enterprises contributed to technological development 

and economic gains in China. Lu (2008) similarly applied the triplex-helix model to explain the 

interactions of university, government, and industry as a strategic tool for creating knowledge-based 

economy in China. Rasmussen (2008) utilized the framework to explain the role of the government in 

supporting the commercialization of university research in Canada. More recently, Chen et al. (2013) 
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applied this model to illustrate national innovation policies in Taiwan. McCarthy et al. (2014) 

discussed how the triple-helix model could help to explain institutional reforms in Russia to promote 

innovation. 

A limited number of studies have extended the conceptual application of the triple-helix model to 

incorporate macro- and micro-level data in the assessment of regional and national innovation systems. 

For example, Leydesdorff et al. (2006) utilized geographical, industry-, and firm-level data of a 

sample of Dutch firms to evaluate the influence of technology and location on regional innovation 

systems. Leydesdorff and Fritsch (2006) applied a similar empirical method to examine these 

relationships in the German context. Lim et al. (2012) used U.S. state-level data on entrepreneurial 

activities and environment to investigate how interactions among university, industry, and government 

may contribute to the vitality of regional entrepreneurship in U.S. Our paper follows this stream of 

literature by utilizing micro-level survey data collected from industry, academic, and government 

institutions that have engaged in technology collaboration in six representative Chinese regions to 

empirically examine how the interplay of the three spheres in the triple-helix model may affect 

regional entrepreneurial environment and activities. This approach thus complements the majority of 

extant literature that has adopted the case method to conceptually elaborate the role of the triple-helix 

model by directly assessing and analyzing views of key players in university-industry-government 

collaboration.  

In addition, although the triple helix model has been widely recognized as providing a heuristic 

principle for studying interactions among the three spheres and their impact on knowledge-based 

economy, it still remains unclear how the triple-helix model actually works to promote regional 

innovation and entrepreneurship. This is partly due to limited empirical studies to date that examine 

the interaction among the three components. It is also because most extant literature has focused on 

the relationship and interaction between university and industry, or university and government, while 

fail to explore determinants of innovation in a more holistic and structural way (Kim et al., 2012). Our 

paper attempts to shed more light on this issue by unravelling the black-box of the triple-helix 

relationship between university-industry-government into three key traits, trilateral collaboration, 

network relationship, and complementary synergies. In our view, the appropriate functioning of the 

triple helix model is dependent on how different spheres interact and collaborate with each other, how 

the system can generates a network effect beneficial for entrepreneurship, and the synergy and 

co-evolvement inherent in the system. Our results show that all three characteristics manifested in the 

triple helix university-industry-government relationship have a positive influence on regional 

entrepreneurial environment and activities.   

The third contribution of our paper is methodological reflected by the broad set of variables we use to 

evaluate the triple-helix relationship and regional entrepreneurial environment and activities. Apart 

from the majority of prior research using a descriptive case method to elaborate the impact of the 

triple-helix system on national innovation (e.g., Eun et al., 2006; Lu, 2008; Zhou, 2008), the limited 
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remaining empirical studies have typically applied single indicators such as patents, R&D 

expenditures, firm birth rate and death rate to measure the constructs of innovation and 

entrepreneurship (Kim et al., 2012; Hu and Mathews, 2008; Li, 2009). These measures although 

valuable may not capture multiple interrelated elements within an innovation system and the network 

effect and interdependency underpinning the triple-helix model. Because contributors and outcomes of 

innovation and entrepreneurship are both multidimensional, it is worthwhile measuring these distinct 

elements using a series of variables to create combined indicators that reflect different aspects of 

entrepreneurship and innovation. We thereby utilize a factor analysis method to achieve this goal. This 

technique enables us to reduce a broad set of variables collected through the survey method to a 

smaller set of non-observable factors, while maintaining all the necessary information contained in the 

original set (Buesa et al., 2010). These new synthetic factors thus help us to better capture the general 

aspects of the triple-helix relationships and entrepreneurial activities.  

Our examination of the impact of the triple-helix system on entrepreneurial environment and activities 

is set in the Chinese context. The Chinese setting is valuable in several ways. First of all, China, as the 

largest developing country and the second largest economy in the world, is an indispensable player in 

the global economy. One of the most important strategic agendas of Chinese government is to move 

the nation towards a knowledge-based economy through the development of science and technology. 

Since the beginning of the 2000s, the Chinese government has committed itself to strengthen the 

nation‘s competitiveness through innovation. For example, the 2006 version of the 15-year ―Medium 

to Long Term Plan for the Development of Science and Technology‖ calls on China to become an 

innovation-oriented society by 2020, as well as a global leader in science and technology by 2050 (Lu, 

2008). The innovation policy in China has also shifted from the early days of technological 

self-reliance toward indigenous innovation striving to accomplish world-class science and 

technological innovation. Despite the significant increase of research & development expenditures by 

industries, universities, and the government in the past two decades, China still faces considerate 

challenges in fostering and commercializing innovation (Xu, 2012). In a large-scale comparative study 

of 32 European countries, China, Japan, Korea, and US, Van der Zwan et al. (2011) find that although 

China has a superior position developing ideas in the early stages of entrepreneurship, it has 

encountered great difficulty in transforming these ideas into startups. According to Lu and Etzkowitz 

(2006), the challenges lie on the imbalance of infrastructure and institutional supports across different 

geographic regions, as well as the nature of knowledge creation and distribution between key actors 

within China‘s innovation system. To further encourage entrepreneurial activities and to create a 

knowledge-based economy, the Chinese Primer Mr. Li Keqiang has recently promoted the concept of a 

national-wide system of entrepreneurship and innovation (Da Zhong Chuang Ye, Wang Zhong Chuang 

Xin) for China‘s 13
th
 five-year plan. An official guideline issued by the State Council in March 2015 

endorsed this vision by stressing the role of the government in facilitating entrepreneurial and 

innovative activities and recognizing the needs of close interactions between research institutions, 
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universities, enterprises, and government agencies to jointly achieve this objective. As a result, 

analyzing the outcome of university-industry-government collaborations in China also possesses 

significant policy implications to provide insights for China and other emerging economies in 

fostering a national system of innovation and entrepreneurship. 

The rest of the paper is organized as follows: Section 2 reviews the concept of the triple-helix model 

and discusses its implication in China. Section 3 develops our main hypotheses. Section 4 explains 

data and empirical methods, which is followed by Section 5 presenting empirical results. We conclude 

the paper in Section 6 with a discussion.             

2. Literature Review and Institutional Background 

The triple helix model argues that three types of institutions, university, industry, and government, 

play crucial roles in the innovation process of a knowledge-based economy (Etzkowitz and 

Leydesdorff, 1997, 2000; Etzkowitz, 2008; Leydesdorff, 2000). Specifically, the model emphasizes the 

increasingly prominent role of universities played in a knowledge-based society as human capital 

providers and incubators of new firms, on a par with industry and government (Etzkowitz and 

Leydesdorff, 2000). The central role of universities in the triple-helix does not preclude the importance 

of the other two institutions, where the industry is still the focus of production and government as the 

source of guaranteeing contractual relations that allow for steady interactions and exchange (Etzkowitz, 

2008). In addition, these three institutional spheres (academic, public, and private) that used to engage 

in an arm‘s length relationship are increasingly intertwined with a spiral pattern of linkages emerging 

at different stages of the innovation processes (Etzkowitz and Leydesdorff, 2000). In another words, 

innovation processes and policies are driven by the tri-lateral collaborative relationships among these 

three major institutions instead of a prescription from government or a simple bilateral cooperation 

between two entities. As a result, a triple helix system is associated with an evolving overlay of 

communications, networks, and organizations among the helices, and is dynamic and complex in 

nature (Leydesdorff, 2000). The evolutionary characteristics of the three-helix model also manifests in 

the way that each institutional sphere starts to take the role of the others in addition to fulfilling their 

traditional functions. In the triple helix system, academia (university) may serve as the source of 

firm-formation and economic development in addition to playing its traditional role of knowledge 

provision and dissemination. Government helps to support new knowledge development and 

innovation through changes in regulations and policies along with providing necessary intermediate 

and institutional supports. Industry may take the traditional role of the university in knowledge 

training and development (Etzkowitz and Klofsten, 2005; Etzkowitz, 2008). It is in this respect, the 

triple-helix model emerges as a heuristic principle for studying the complex dynamics related to the 

development of national innovation networks and interactions among various innovation actors. 

Over the years, the triple helix model has been widely adopted to explain the trilateral relationship 

between university, industry, and government and their contributions to knowledge-based economy 
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and economic development in a variety of regions and nations such as US, UK, Sweden, Dutch, 

German, Canada, Russia, etc. (e.g., Etzkowitz et al., 2000; Etzkowitz and Klofsten, 2005; Rasmussen, 

2008; McCarthy et al., 2014). According to the extant literature, these nations typically adopt one of 

the three forms of the triple helix policy models presented by Etzkowitz and Leydesdorff (2000), 

namely the elastic model, the laissez-faire model, and the network and hybrid model. Importantly, 

regardless of their initial stage and developing trajectory, most countries are striving for some forms of 

the network and hybrid triple helix mode that emphasizes overlapping institutional spheres to promote 

innovation and entrepreneurship. A critique of the triple-helix model is that the original model is built 

on the context of a developed economy, while some inherent premises in this framework may not 

necessarily hold in a developing economy (Eun et al., 2006; McCarthy et al., 2014). Chen et al., 

(2013), for example, point out that although universities have the capabilities to serve as the primary 

institutional force driving innovation in a developed economy, the research outcomes of academia are 

often difficult to result in industrial production in emerging economies due to a lack of infrastructure 

and policy supports in these nations.  

In case of China, Eun et al. (2006), Lu (2008), and Zhou (2008) have all adopted the triple-helix model 

to explain the interplays between Chinese university, industry, and government, and to examine their 

joint contribution to regional and national economies. These relationships manifest in several forms, 

such as technology transfer and commercialization through university-run enterprises; the 

establishment of university affiliated or government sponsored science parks for 

university-industry-government collaboration; formation of university spin-off firms with the funding 

support from the university, industry, or the government;  project-based collaboration between 

university, research institutions and industry with or without government funding supports. A key 

characteristic of the Chinese styled triple helix is that it is government pulled, which is different from 

the typical mode in the developed economy that emphasizes the centrality of the university in this 

network relationship. In the Chinese context, the government plays a dominant role in the triple helix 

relationship by initiating and controlling significant innovative projects, by literally owing almost all 

major research universities and government-run research institutes, by controlling strategic decisions 

of state-owned-enterprises, and by participating in the creation of primary innovative agents and 

infrastructure such as high-tech development zones, science parks, and startup incubators, as well as 

initiating and reforming regulations and policies related to the promotion of innovation and 

entrepreneurship. Specifically, the Chinese triple-helix system is characterized as a co-existence of 

industry dominated industry-university collaboration and university centered university-industry 

coordination, as well as a mixture of government-pulled, corporate-lead, and university-pushed model 

(Zhou, 2008). Nevertheless, the collaboration between universities, research institutes, industries, and 

the government has contributed significantly to China‘s regional and national innovation capacity (Hu 

and Mathews, 2008; Li, 2009).    
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3. Hypotheses Development 

3.1 The triple-helix system and entrepreneurship  

Our main thesis is that the triple-helix system has a positive impact on entrepreneurial environment 

and activities. This thesis could be derived from Sahlman (1999)‘s model of entrepreneurial process. 

According to Sahlman (1999), any entrepreneurial process or venture consists of four dynamic 

components, i.e., people, opportunity, external context, and the deal (POED). Specifically, people refer 

to ―the individuals or groups who perform services or provide resources for the venture‖; opportunity 

indicates ―any activity requiring the investment of scarce resources in hopes of future return‖; context 

implies ―all factors that affect the outcome of the opportunity but are outside of direct management 

control‖; and deal is ―the set of implicit and explicit contractual relationships between the entity and 

all resource providers‖. First of all, Sahlman (1999) argues that fit between these four elements jointly 

influences entrepreneurial success. He also stresses a mutual reinforcing relationship among these four 

dimensions. Of central importance is the role of context, which Sahlman (1999) positions in the center 

of his entrepreneurship model, which we reproduce in Appendix 1. According to Sahlman (1999), 

environmental contexts such as regulatory and socio-political forces not only shape chances of 

entrepreneurs to successfully explore business opportunities and strike deals, but are also influenced 

by the availability of people, resources, and opportunity in the system. Sahlman (1999)‘s model 

emphasizes the dynamic interplay and reciprocal relationships among key factors essential to 

entrepreneurial development.  

More specifically, according to Sahlman (1999)‘s POED model, the triple-helix cooperation will 

contribute to entrepreneurship in the following ways. With respect to People (human and other 

resource), university and industry collaboration can result in a flow of human capital from the 

university to the industry, or the other way around. Such collaboration may also help universities to 

develop and provide human resource that better serves the needs of the industry. Meanwhile, the 

personnel flow within the triple helix is often accompanied with the flow of other resources such as 

knowledge, information, technology, financial resource, and so on. The flow of human and other 

resource is crucial for the creation and growth of a new venture. In terms of Opportunity, the 

collaboration between the triple helix could help related personnel better identify and explore 

entrepreneurial opportunities. For example, the university or government sponsored business plan 

competition can help entrepreneurs better refine their opportunity sets, and also create an excellent 

platform for these entrepreneurs to get in touch with angle investors or venture capitalists, who could 

provide crucial financial resources for the development and growth of new ventures. With regard to 

Deals, universities or the government could sponsor or provide seminars or trainings to better educate 

entrepreneurs on such topics as contractual law, venture valuation or terms to facilitate deal closing. In 

the meantime, the government or universities could also help to build and host technology incubators 

or other types of infrastructures to encourage and support new venture development and growth. A 

university run technology transfer office or a government sponsored small business administration 
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center could also facilitate deal closing. Finally, regarding External Context, the government plays a 

critical role in shaping the environment faced by new ventures. Government policies such as tax 

incentives for new ventures or intellectual property laws to protect interests of knowledge creators will 

positively influence the creation and success of new ventures. Government, industry, or university-run 

intermediate organizations such as technological transfer agents, venture capitalists, and financial 

institutions will all shape the contextual environment a new venture is facing, and ultimately affect 

entrepreneurial activities in the economy. Taken together, we predict that the triple-helix collaboration 

among university-industry-government will positively shape entrepreneurial environment and 

influence entrepreneurial activities. We summarize this relationship in Figure 1. 

*** Insert Figure 1 about here *** 

In particular, the contribution of the triple-helix system to environment and activities could be further 

classified into three components essential to the system, namely trilateral collaboration, network 

relationship, and complementary synergies. We then proceed to explain how these three characteristics 

of the triple-helix system will affect regional entrepreneurship environment and activities.  

3.2 Trilateral cooperation and entrepreneurship 

First of all, the triple helix system emphasizes the interaction and cooperation between the three 

institutions crucial for innovation (Etzkowitz and Leydesdorff, 2000). Unlike a linear innovation 

model that emphasizes either ―market pull‖ or ―technology push‖ in the innovation process, the triple 

helix model stresses the vital role of cooperation among university, industry and government to 

generate alternative strategies for economic growth and social transformation. Such trilateral 

cooperation is more complex than the mutual interactions between industry-university, 

government-university, or industry-government in a double helix relationship. Such extensive 

collaboration in a dynamic model gives rise to complexities and flexibility in the triple helix system to 

jointly realize an innovative environment consisting of university spin-off firms, trilateral initiatives of 

knowledge development, strategic alliances among private enterprises, government research 

institutions, and academic institutions  (Etzkowitz and Leydesdorff, 2000; Leydesdorff, 2000). 

Specifically, such a trilateral cooperation can help provide crucial entrepreneurial resources in terms of 

human capital, financial capital, and technology for new venture development, i.e., it helps to create a 

more favorable entrepreneurial environment. It can also lead to a better discovery of entrepreneurial 

opportunities, and ultimately stimulate formation and growth of new ventures.  

The cooperation within the triple-helix system is first demonstrated by the vital role universities play 

in technology transfer and technology commercialization in both the micro and the macro level 

(Clarysse, 2009; Riccardo, 2011; Zelmir, 2011). For example, Savvas (2009) and Dirk (2010) both 

found that technology ventures tend to locate near universities in their early days to facilitate 

acquirement of important innovative resources, such as knowledge workers and proprietary technology. 

In particular, the establishment of entrepreneurial universities that extend the universities‘ research and 

teaching missions to take on the objective of economic development is often associated with a better 
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entrepreneurial environment that fosters new venture growth and results in a surge of entrepreneurship 

activities in the region (Etzkowitz et al., 2000). In the Chinese context, Eun et al. (2006) and Zhou 

(2008) both demonstrated that university-run enterprises contribute significantly to local 

entrepreneurship environment, and positively affect regional entrepreneurial activities and economic 

development. The impact of the triple helix collaboration on regional entrepreneurship could also be 

reflected by the role of the industry. For example, Kim et al. (2012) found that industry R&D 

expenditure has a positive impact on firm birth rates in the region, while university and government 

R&D generate a synergistic effect indirectly affecting regional firm birth rates. In the meantime, they 

also document that the trilateral R&D cooperation among university, industry, and government brings 

positive influence to regional entrepreneurial activities. Moreover, the government plays an essential 

role in the system, which is particularly salient in the Chinese context characterized as a 

government-pulled model as we explained above. Specifically, the Chinese government plays a 

leadership role in the triple-helix system by establishing innovation and entrepreneurship policies, by 

creating infrastructure and intermediate organizations such as science parks and government sponsored 

agencies to promote and facilitate venture development, and by directly collaborating with and 

providing funding to industries and universities to foster innovative and entrepreneurial activities in 

these institutions. All these efforts have been shown to positively shape regional entrepreneurial 

environment and activities (Lu, 2008; Zhou, 2008). Taken together, extant literature suggests that 

collaboration within the triple-helix system indeed contributes to regional entrepreneurship by shaping 

both the local environment and encouraging more entrepreneurial activities. We thus make the 

following hypotheses:  

H1a: The collaboration of university-industry-government in the triple helix system has a positive 

effect on regional entrepreneurial environment. 

H1b: The collaboration of university-industry-government in the triple helix system has a positive 

impact on regional entrepreneurship activities. 

3.3. Network effect and entrepreneurship 

Another important characteristic of the triple helix system is the network effect. As Etzkowitz and 

Leydesdorff (2000) explicitly state, ―the network overlay of communications and expectations 

reshapes the institutional arrangements among universities, industries, and governmental agencies‖. 

Such a network effect is argued to institutionalize and reproduce interface as well as stimulate 

organizational creativity and regional cohesiveness. Etzkowitz et al. (2000), for example, pointed out 

that groups such as the Knowledge Circle in Amsterdam, the New York Academy of Sciences, and 

Joint Venture Silicon Valley all play an essential role in encouraging interaction among members of 

the three spheres, and leading to new ideas and joints projects that might not otherwise have emerged 

without the network relationship.  

The entrepreneurial literature has long recognized the importance of network relationship to new 

venture creation, growth, and survival as well as general entrepreneurial environment (Hoang and 
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Antoncic, 2003; Slotte-kock and Coviello, 2009), An early work by Donckels and Lambrecht (1995) 

suggested that a healthy entrepreneurial network could help entrepreneurs gather richer information, 

better respond to external environment, become more appealing to suppliers and customers, and 

ultimately facilitate venture growth. Littunen (2000) likewise indicated the importance of 

entrepreneurial network for firm innovation, efficiency, and competitive advantage. Watson (2007) 

provided evidence that entrepreneurial networks have direct impact on survival, growth, and 

profitability of new ventures. In their comprehensive review article, Slotte-kock and Coviello (2009) 

pointed out that network relationship could help entrepreneurial firms gain important knowledge about 

how to utilize new combinations of resources, develop crucial relationships with related entities, and 

improve their chance of success.   

Specifically, from the aspect of the triple-helix model, a well-developed network within the system 

could influence entrepreneurial environment and outcomes at all stages of entrepreneurial 

development. In the pre-startup period, entrepreneurial network created in the triple-helix system 

could help potential entrepreneurs better identify business opportunities, and better assemble human, 

technological, and financial resource for the launch of new ventures. Interactions within university, 

industry, and the government may also help expedite provision and dissemination of information and 

knowledge essential for new venture creation, which in turn encourage birth of new business 

(Donckels and Lambrecht 1995). During the start-up stage, the network relationship with the 

triple-helix system will help entrepreneurial firms better utilize resources from universities, industries, 

and the government in terms of building a strong venture team, utilizing proprietary technology, 

obtaining necessary financial capital as well as other key resources. Weicker (1993) stated that 

entrepreneurial firms are more likely to communicate and to receive information accurately through 

the development of a network, which will lead to an improvement of these businesses. Johannisson 

(1990) likewise pointed out the role of networks in providing perspectives and experiences related to 

structural change and continued growth of the business. Finally, the network effect is also valuable in 

the post-startup stage of new ventures. Because of the liability of newness, new ventures often 

encounter considerate difficulty in developing new market space and gaining legitimacy among key 

stakeholders. In her case analysis, Hite (2005) suggested that entrepreneurial firms could transform 

network ties into full relational embeddedness to facilitate business survival and development. Similar 

patterns are also observed in Larson‘s (1991) analysis which shows that entrepreneurial firms 

co-develop relationships with network partners in their growth stage. Overall, the extant literature 

indicates that the interaction within the triple-helix network will create a more favorable external 

environment for new ventures at all stages of venture development and result in increased 

entrepreneurial activities, which lead to the following predictions: 

 H2a: The network relationship of university-industry-government in the triple helix system has a 

positive effect on regional entrepreneurial environment. 

H2b: The network relationship of university-industry-government in the triple helix system has a 
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positive impact on regional entrepreneurship activities. 

3.4. Complementary synergy and entrepreneurship 

A third characteristic of the triple helix relationship is complementarity and synergies generated from 

interactions between the three spheres of the system. First of all, extant literature has suggested the 

complementary effect within the triple-helix network. Florida (1999) documented that universities and 

society at large can both benefit from the commercialization of advanced technology only when the 

local context they reside in is fruitful enough to leverage academic resources. That is to say, the 

environment surrounding universities must have the capabilities to absorb and apply the scientific 

knowledge universities generate and turn it into economic wealth. This complementary argument is in 

line with the concepts of complementary assets and absorptive capacity in the strategic management 

field, which suggests that a firm could only benefit from technological advancement when it possesses 

necessary complementary resources to exploit the commercialization opportunities (Cohen and 

Levinthal, 1990). In their studies of academic spin-offs in Italy, Fini et al. (2011) likewise documented 

the existence of complementary relationship among the three spheres of the triple-helix system. In 

particular, they find that the productivity of university spin-offs increases when the region provides 

better support to high tech entrepreneurship. Yuan (1998) further suggests that complementarity 

indicates acquisition, integration and utilization of crucial entrepreneurial resources in the triple-helix 

system including technological resource, material resource, human resource, financial resource, 

information resource, market resource, and so on. 

Second, interactions within the triple helix system also create synergy and bring even stronger 

influence on regional entrepreneurship than an individual dimension could. In the words of Etzkowitz 

an Leydesdorff (2000), ―a triple helix in which each strand may relate to the other two can be expected 

to develop an emerging overlay of communications, networks, and organizations among the helices‖ 

and ―this network of relations generates a reflexive sub-dynamics of intentions, strategies, and projects 

that adds surplus value by reorganizing and harmonizing continuously the underlying infrastructure‖. 

Such a synergetic effect can be illustrated in the concept of knowledge-based regional development 

raised by Etzkowitz and Klofsten (2005). They explained that an innovating region creatively 

re-construct itself on a new knowledge base through the synergy generated in the triple helix system, 

for example, a university entrepreneurship training program and expanding firm-formation activity 

intersected with an industry driven startup dynamics. In their studies of the triple-helix system in 

China, Jia and Zhang (2013) and Zhou et al. (2013) further differentiate the synergetic effect into three 

types, strategy synergy, organizational synergy and managerial synergy. Strategic synergy helps the 

three lances in the system to define a common objective, organizational synergy focuses on boundary 

expansion activities in resource accumulation, and managerial synergy is an efficiency improvement 

process that combines university knowledge, industry demands, and government policies to facilitate 

resource deployment.  

Finally, the synergy concept is also embedded in the co-evolvement character of the triple helix system. 
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As Leydesdorff and Meyer (2006) explained, the triple helix abstracts from the institutional premises 

of a specific period as an evolutionary model, which is complex and dynamic in relation to 

developments in the institutional networks among the carriers. In addition, all essential coordination 

mechanisms in the system (markets, regulation and knowledge) co-way in the observable events at 

each moment of time, and potentially co-evolve over times. The co-evolutionary characteristic of the 

system again creates synergy among the three spikes of the system by combining knowledge, 

information, financial capital, human resource, industry policies provided by universities, businesses, 

and the government to foster a more supporting entrepreneurial environment and ultimately encourage 

entrepreneurial activities. We thus make the following predictions based on the above analysis: 

H3a: The complementary synergy of university-industry-government in the triple helix system has a 

positive effect on regional entrepreneurial environment. 

H3b: The complementary synergy of university-industry-government in the triple helix system has a 

positive impact on regional entrepreneurship activities. 

4. Data and Methods 

4.1 Sample Design  

We adopt a survey method to collect information on the triple helix relationship, regional 

entrepreneurship environment and entrepreneurial activities. Our sample is drawn from six 

representative Chinese cities, including Beijing, Shanghai, Guangzhou, Shenzhen, Fuzhou, and Wuhan. 

Our sample cities include two direct-controlled municipalities-Beijing and Shanghai, two cities in 

Guangdong province, the provincial capital-Guangzhou and the economic special zone-Shenzhen, as 

well as the provincial capital of Fujian province-Fuzhou, and the provincial capital of Hubei 

province-Wuhan. In each of these cities, we use our proprietary connections in local universities, 

research institutes, businesses, and the government, as well as intermediate institutions such as venture 

capital firms and technological intermediates to distribute questionnaires to personnel who have ever 

or are currently engaged in any kinds of university-industry-government collaborations. A total of 530 

copies of questionnaires were distributed, and we obtained 503 valid responses, with the response rate 

of 94.9%. Table 1 illustrates the sample distribution across provincial regions and types of institutions.   

*** Insert Table 1 about here *** 

In terms of geographical distribution of the sample, 37.8% of sample institutions are from Fujian 

province, samples from Hubei province account for 22.5%, which are followed by Guangdong 18.5%, 

Shanghai 14.7%, and Beijing 6.6%. With respect to the type of institutions, 56.7% of our responses 

were collected from businesses, 24.4% were obtained from university faculty and students; 8.3% from 

the government, 3.6% from research institutions, and 7% from intermediate institutions.  

4.2 Questionnaire Design and Variable Measurements   

Our survey includes a total of 34 questions on various dimensions of the triple-helix relationship and 

regional entrepreneurial environment and activities based on extant literature. We randomly shuffle 
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questions related to various constructs to reduce common method bias in the survey design. The 

original questions were asked in Chinese. The questions are translated and presented in English in this 

manuscript. We conducted a pilot test of the survey questions using a sample of university students to 

reduce ambiguity of these questions.  

We measure the triple-helix relationship in three dimensions specified in our hypotheses development 

section. Specifically, we capture the construct of trilateral collaboration from breadth, depth and 

effectiveness of collaboration (Caliendo and Kritikos, 2008; Etzkowitz and Leydesdorff, 1997; 

Marquesa and Caraca, 2006). We capture the concept of network relationship using content, intensity, 

direction and continuity of the network (Granovetter, 1985; Ren and Wu, 2011). The construct of 

complementary synergy is measured from three aspects, resource complementarity (Yuan, 1998), 

strategic, organizational, and managerial synergies (Si and Cao, 2009), and coevolution in the system 

(Leydesdorff and Meyer, 2006). These questions are illustrated in Tables 2a, b, and c respectively. 

*** Insert Tables 2a, b, and c about here *** 

We measure regional entrepreneurial environment using variables identified by the Global 

Entrepreneurship Monitor (GEM), a global study conducted by a university consortium. Our measure 

captures the following three aspects: knowledge and cultural environment including education and 

training, knowledge transfer, cultural and social norms; the government policy environment; and 

entrepreneurial service environment including financial support, business environment, and the 

availability of physical infrastructure (Yan and Hu, 2009; Du and Li, 2012). These questions are 

presented in Table 2d.  Finally, we measure regional entrepreneurial success based on the enterprise 

growth model. According to the life-cycle theory of firms, enterprise development generally undergoes 

initialization, growth, flourishing, and transitional stages. Littunen (2000) likewise suggested that a 

new business should experience the stages of creation, survival, and growth. Of the most important is 

survival, followed by continuous growth, and the last but not the least, sustainable development 

(Dayan and Basarir, 2009). We thereby capture regional entrepreneurial activities from the dimensions 

of enterprise creation, survival, growth, and sustainability (Li and Yu, 2014; Ye and Zheng, 2014). We 

present these questions in Table 2e.   

*** Insert Tables 2d and 2e about here *** 

4.3 Reliability and validity tests 

We next perform reliability and validity tests to justify our measured variables. First, we conduct 

reliability test to examine whether the set of observed variables consistently measure the same latent 

variable in the questionnaire, i.e., trilateral collaboration, network relationship, complementary 

synergy, entrepreneurial environment, and entrepreneurship activities. We use SPSS20.0 to calculate 

Cronbach's α coefficients between these groups. Our results are presented in Table 3. Our results show 

that Cronbach's α coefficients corresponding to all latent variables are greater than 0.7, which suggests 

high internal consistency of these variables as well as a high data reliability. We also present 

composite reliability (CR) values along with the average variance extracted (AVE) values in Table 3. 
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Our results indicate that all CR values are larger than the threshold level of 0.60, and all AVE values 

are larger than the threshold value of 0.50. These results again confirm internal consistence and 

reliability of our measures.  

*** Insert Table 3 about here *** 

Next, we apply the confirmatory factor analysis to evaluate convergent validity of our measures. This 

analysis is conducted using the AMOS20.0 software. Factor loading scores of each set of measures are 

presented in Table 4a. Our results suggest that factor loadings of all observed variables are above 0.6, 

indicating that each latent variable is significant at the level of 0.01 (p <0.01). These results suggest 

that our measures have good convergent validity. We then test discriminant validity of our measures 

using AVE and correlation coefficient values. These results are presented in Table 4b. Table 4b shows 

that the diagonal values are greater than all the non-diagonal values, indicating good discriminant 

validity of our measures. 

*** Insert Tables 4a,b about here *** 

5. Structural Equation Model Analysis and Main Results 

We apply the structural equation method to conduct our main analysis. The design of the model is 

elaborated in Figure 2. We first present a series of goodness of fit tests of our structural equation 

models in Table 5. The fitness of our model is satisfying in a variety of ways. First, justified from 

Chi-square method, the value of normed Chi-square (NC) is 2.596, which is less than the threshold 

value of 3 to indicate a good fit. In addition, the value of comparative fit index (CFI) is 0.908, greater 

than the threshold value of 0.9. Besides, the value of goodness of fit index (GFI) is 0.863, greater than 

the acceptable level of 0.85. Although the value of adjusted goodness-of-fit index (AGFI) and normed 

fit index (NFI) did not reach the satisfying standard of 0.9, they are still greater than the acceptable 

level of 0.7, and indicate acceptable level of fitness. Moreover, the value of root mean square residual 

(RMR) is 0.04, less than the threshold level of 0.05. Finally, the value of root mean square error of 

approximation (RMSEA) is 0.056, which is still at an acceptable level. Overall, these results suggest 

that our structural equation model design is reasonable. 

*** Insert Figure 2 and Table 5 about here *** 

Our hypotheses tests are presented in Table 6. We can tell from table 6 that P values of all coefficients 

are less than 0.05. All main hypotheses are thus supported. More specifically, we find that trilateral 

collaboration, network relationship, and complementary synergy of the triple-helix system all have 

positive influences on regional entrepreneurial environment and activities.  

*** Insert Table 6 about here *** 

6. Additional Analysis  

To further illustrate the relationship between the triple-helix model and regional entrepreneurial 

environment, we conduct an additional analysis to split our samples into two groups. The first group 

consists of samples from Fujian and Hubei provinces, and the second group is made up of samples 
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from Beijing, Shanghai, and Guangdong. Such a division is based on two rationales. First of all, our 

survey results suggest that the majority of respondents in Fujian and Hubei do not think the overall 

entrepreneurial environment of their regions are favorable for startups, while most respondents from 

Beijing, Shanghai, and Guangdong have a more favorable rating for their regions‘ overall 

entrepreneurial environment. These opinions are summarized in Table 7a. Second, Beijing, Shanghai 

and Guangdong are more developed Chinese regions that typically have better infrastructure and play 

a more important role in Chinese politics and economy, while Fujian and Hubei provinces are less 

developed and less influential in China.  

*** Insert Tables 7a about here *** 

We again used AMOS20.0 to analyze the split samples and present our main results on hypotheses 

testing in Table 7b, while omitting the table of goodness of fit test for simplicity. Table 7b indicates 

that the impacts of the triple-helix system on regional entrepreneurial environment and activities differ 

between these two groups. Specifically, trilateral collaboration within the system has a significant 

positive influence on regional entrepreneurial environment and entrepreneurship activities in less 

developed regions, while these are not statistically significant in more developed regions such as 

Beijing, Shanghai and Guangdong. With respect to the influence of network relationship on regional 

entrepreneurial environment and activities, we again identify statistically significant effects in the 

subsample of Fujian and Hubei, while such effects are not significant in the conventional level for 

more developed regions. Finally, when considering the relationship between complementary synergy 

and regional entrepreneurial environment and activities, we do not find a significant link in the 

subsample of less-developed regions, while a significant linkage is established for the subsample of 

more developed regions. 

*** Insert Tables 7b about here ***  

7. Discussions and Policy Implications 

Our results have important policy implications. First, our results show that cooperation within the 

triple helix system has a significantly positive influence on regional entrepreneurial environment and 

entrepreneurship activities. It suggests the essential roles played by such key resources as human 

capital, financial capital, technology, knowledge, and policy in the process of venture creation and 

entrepreneurial growth. Importantly, it is crucial to build a good entrepreneurial environment to 

effectively integrate these key resources, which is relying on the collaborations between universities, 

industries and the government. For example, the government could provide special guidance and 

consulting services to new ventures; universities can provide training and other related education, and 

enterprises can offer practical and technical problems seeking for solutions and advancements. In 

addition, the university-industry-government triple helix system should be based on mutual or 

trilateral collaborations gradually developed and enhanced within the system. Certainly, roles of the 

three spheres would be different in the system. For example, basic research is the strength of 
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universities, the enterprise is better at commercializing scientific and technological innovations, while 

the government mainly provides guidance and policies to promote and support the innovation process. 

Nevertheless, a well cooperated triple helix system should be able to contribute to improved 

entrepreneurial environment, and give rise to the upsurge of entrepreneurial activities. 

   Our results also indicate that the network relationship within the triple helix system significantly 

shapes regional entrepreneurial environment and influence local entrepreneurial outcomes. The depth 

and breadth of entrepreneurial networks not only affect quantity and quality of resource acquisition 

essential for the new venture development process, but also impact survival, growth, and development 

of these new ventures. For example, resource acquisition in a venture‘s early stage mainly relies on a 

strong relational network built on quality relation and mutual trust. Such a network relationship can 

promote high quality information exchange, strengthen trust between partners, and encourage 

long-term cooperation and partnership. Our results also suggest that the scope of the network 

relationship should be extended to parties outside of the triple helix system. Intermediate institutions 

such as technology intermediary, venture capitalist firms and financial institutions all play a crucial 

role in the network relationship to foster new venture development. With respect to China, the 

government still occupies a central position in the triple helix network system, there however exists 

possibilities for universities and industries to increase their roles in national innovation and 

entrepreneurship in this government pulled model.  

Moreover, our analysis suggests that complementarity and synergies within the triple helix system 

both have positive influences on regional entrepreneurial environment and activities. Such results are 

consistent with the notion of complementary assets in technology commercialization. Since three 

institutions in the triple helix system possess different resources, it is essential for new ventures to 

acquire complementary assets from various sources at different stages of entrepreneurial development 

to improve business efficiency and effectiveness. In addition, the interaction within the triple helix 

system also creates synergy, where the role played by each party enhances functions and effectiveness 

of the other parties. That is to say, university knowledge, industry needs, and government policies 

reinforce each other to ensure effective flow and reasonable configuration of entrepreneurship 

resources. Finally, complementarity and synergy are also reflected in the co-evolvement nature of the 

system to combine knowledge, information, financial capital, human resource, and industry policies 

provided by universities, businesses, and the government in a dynamic way to foster a more 

supporting entrepreneurial environment and ultimately spur entrepreneurial activities.  

Our split sample results suggest that cooperation and network relationship play a larger role on 

facilitating healthy entrepreneurial environment and encouraging entrepreneurial activities in less 

developed regions. These results suggest that in regions with relatively inferior entrepreneurial support, 

the triple helix of university-industry-government collaboration is particularly important to develop a 

more favorable environment to encourage entrepreneurial activities. In contrast, the complementary 

synergy between the triple helix has a larger influence on regional business environment and 
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entrepreneurship activities in more developed regions than in less developed areas. These results 

indicate that realization of the complementary effect in the triple helix system requires sufficient 

environmental support. For example, only with advanced technology development, supporting 

entrepreneurial policies, sophisticated infrastructures, developed financial services and other 

intermediary institutions, the triple helix of university-industry-government collaboration can be most 

beneficial in improving regional entrepreneurship.  

8. Conclusion 

The triple-helix model of university-industry-government collaboration provides an analytical 

framework for explaining and analyzing the dynamic innovation processes and complex networks 

across three essential institutions, university, industry, and government, for knowledge exploration, 

exploitation, and economic development. Using survey samples from representative Chinese regions, 

our studies find that trilateral collaboration, network relationship, and complementary synergies 

manifested in the university-industry-government collaboration all positively influence regional 

entrepreneurial environment and foster entrepreneurial activities. Further analysis reveals that the 

triple helix collaboration and network relation have stronger impact on regional entrepreneurship level 

in less developed areas, while the influence of the triple-helix complementarity on regional 

entrepreneurship level is more salient in more developed areas. Our study contributes to the 

burgeoning literature on the triple helix system by explicitly linking the micro-level 

university-industry-government relationships with the macro-level regional entrepreneurship 

development in an important emerging economy context. We hope our studies can shed more light on 

the crucial contribution of the triple helix system to regional and national innovative capacity and 

economic development.  
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Figure 1: The Triple Helix System and Entrepreneurship Environment and Activities 

 

Figure 2: Structural Equation model and Roadmap of the Triple Helix System on Regional 

Entrepreneurial Environment and Activities 
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Table 1 Sample Distribution (% in the total sample) 

Percentage Business Government  
Research 

institution 

University 

Faculty 

University 

Students 
Intermediates Total 

Fujian 22.9 4.0 1.4 2.6 5.4 1.6 37.8 

Hubei 12.7 1.0 0.6 4.4 2.4 1.4 22.5 

Shanghai 6.6 0.4 0.6 1.0 4.6 1.6 14.7 

Guangdong 11.9 2.6 0.8 1.2 0.8 1.2 18.5 

Beijing 2.6 0.4 0.2 0.0 2.2 1.2 6.6 

Total 56.7 8.3 3.6 9.1 15.3 7.0 100.0 

 

Table 2 Questionnaire Design  

 

Table 2a Trilateral Collaboration 

Latent 

variable 
Measured variables 

Trilateral 

collaboratio

n  

Collaboration 

breath 

Ever collaborated with more than two universities or 

firms (Coop1) 

The collaborative projects involved multiple 

departments or professional fields (Coop2) 

Collaboration 

depth 

Collaboration involved a variety of activities, such as 

counseling, training, technology transfer, 

commissioned R&D, cooperative R&D (Coop3) 

Have conducted more than two collaborations with the 

same partner (Coop4) 

Collaboration 

effectiveness  

New products or technologies emerged after 

collaboration (Coop5) 

Strengthened confidence for future collaboration 

(Coop6)  
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Table 2b Network Relationship 

Latent variable Measured Variables 

Network 

relationship 

Flexible and multiple methods of communication were adopted in 

collaboration (Net1) 

Collaboration partners existed a high degree of trust (Net2) 

Having business transactions with other intermediate organizations, such 

as technology intermediaries, venture capitalist firms, and financial 

institutions (Net3) 

Relationship in the collaboration is well defined with clear primary or 

secondary roles (Net4) 

 

Table 2c Complementary Synergies 

Latent variable Measured variables 

Complementar

y Synergies 

Complementarity 

Having obvious complementary resources between 

partners (Comp1) 

Complementary resources can be easily acquired 

(Comp2) 

Synergy 

Highly dependent on collaboration partners for 

achieving goals (Comp3) 

All related partners coordinate positively and have a 

holistic view (Comp4) 

Co-evolvement 

The interests of all partners were properly 

maintained and developed (Comp5)  

Partners built a long-term stable cooperative 

relationship (Comp6) 

 

Table 2d  Entrepreneurial Environment 

Latent variable Measured variables 

 

Entrepreneurial  

Environment 

 

Knowledge 

and cultural 

environment  

Having favorable education and training environment 

(Env1) 

R&D activities are encouraged (Env2) 

Having a strong culture encouraging entrepreneurship 

(Env3) 

Policy 

environment 

Having a special preferential policy for entrepreneurship 

(Env4) 

Effective supports to new enterprises are provided by the 

regional government (Env5) 

 

Entrepreneuria

l service 

environment 

Raising funds is easy for enterprises (Env6) 

Having satisfying  intermediary services, including 

consulting, legal agencies, science and technology 

service, etc. (Env7) 

Having excellent infrastructures for starting a new firm, 

including affordable housing, transportation, 

communication, utilities, etc. (Env8) 
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Table 2e Entrepreneurial Level 

Latent variables Measured variables 

 

 

Entrepreneurial 

Level 

 

 

 

 Entrepreneurial 

creation 

The number of local new enterprises are increasing 

(Lev1) 

The survival rates of local new enterprises are 

growing (Lev2) 

Entrepreneurial 

survival 

Increased profitability (Lev3)  

Reduced rate of employee resignation and turnover 

(Lev4) 

Increased adaptation to environment (Lev5)  

Entrepreneurial 

growth 

The enterprise expanded its size (Lev6) 

The enterprise possesses advantage in developing 

new products and technology (Lev7) 

The enterprise increased market share (Lev8) 

Entrepreneurial 

sustainability 

The enterprise has the ability of continuous 

innovation (Lev9) 

Business management is more disciplined (Lev10) 

 

Table 3   Variable Reliability Test 

Latent Variables Measured Variables  Cronbach‘sα CR AVE 

Trilateral 

Collaboration 

Coop1 Coop4 

 0.871 0.873 0.534 Coop2 Coop5 

Coop3 Coop6 

Network 

Relationship 

Net1 Net3 
 0.761 0.804 0.512 

Net2 Net4 

Complementary 

Synergy 

Comp1 Comp4 

 0.887 0.887 0.568 Comp2 Comp5 

Comp3 Comp6 

Entrepreneurial 

Environment 

Env1 Env5 

 0.891 0.909 0.555 
Env2 Env6 

Env3 Env7 

Env4 Env8 

Entrepreneurial 

Level  

 

Lev1 Lev6 

 0.914 0.917 0.527 

Lev2 Lev7 

Lev3 Lev8 

Lev4 Lev9 

Lev5 Lev10 
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Table 4: Variable Validity Tests 

Table 4a Confirmatory Factor Analysis and Convergent Validity Test 

Latent variable 
Measured 

variables 

Factor 

Loading 

Measured 

variables 

Factor 

Loading 

Trilateral 

Collaboration 

Coop1 0.686 Coop4 0.746 

Coop2 0.685 Coop5 0.737 

Coop3 0.766 Coop6 0.758 

Network 

Relationship 

Net1 0.804 Net3 0.612 

Net2 0.812 Net4 0.605 

Complementary 

Synergy 

Comp1 0.704 Comp4 0.806 

Comp2 0.681 Comp5 0.825 

Comp3 0.697 Comp6 0.795 

Entrepreneurial 

Environment 

Env1 0.747 Env5 0.747 

Env2 0.785 Env6 0.701 

Env3 0.790 Env7 0.735 

Env4 0.690 Env8 0.758 

Entrepreneurial 

Level  

 

Lev1 0.704 Lev6 0.765 

Lev2 0.714 Lev7 0.748 

Lev3 0.736 Lev8 0.751 

Lev4 0.738 Lev9 0.705 

Lev5 0.729 Lev10 0.662 

 

Table 4b Discriminant Validity Test 

  (1) (2) (3) (4) (5) 

Trilateral 

Collaboration (1) 
0.534 —— —— —— —— 

Network Relationship 

(2) 
0.133 0.512 —— —— —— 

Complementary 

Synergy (3) 
0.426 0.144 0.568 —— —— 

Entrepreneurial 

Environment (4) 
0.455 0.132 0.319 0.555 —— 

Entrepreneurship 

Level (5) 
0.442 0.174 0.319 0.450 0.527 

Note: The diagonal cell represents each latent variable‘s AVE value, and the non-diagonal cells present 

squares of correlation coefficients among latent variables. 
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Table 5 Goodness of Fit Index 

Index Thresholds Results Judgements 

NC <3 2.596 Satisfied 

RMR <0.05 0.040 Satisfied 

RMSEA 
<0.05perfect adaptation，

<0.08reasonable adaptation 
0.056 Acceptable 

CFI >0.9 0.908 Satisfied 

GFI >0.9 0.863 Acceptable 

AGFI >0.9 0.842 Acceptable 

NFI >0.9 0.859 Acceptable 

Note: NC represents normed chi-square; RMR represents root mean square residual; RMSEA indicates 

root mean square error of approximation, CFI indicates comparative fit index, GFI represents 

goodness of fit index, AGFI indicates adjusted goodness-of-fit index, and NFI represents normed fit 

index. 

 

Table 6 Path Coefficient Estimation 

Path  

Estimate 

（Unstandardi

zed） 

Estimate 

（standardi

zed） 

S.E. C.R. P 
Conclus

ion 

Coop——>RBE (H1a) 0.361 0.385 0.053 6.791 *** Support 

Coop——>Ent. (H1b) 0.184 0.253 0.041 4.480 *** Support 

Net——>RBE (H2a) 0.212 0.252 0.096 2.205 0.027* Support 

  Net——> Ent. (H2b) 0.267 0.316 0.098 2.729 0.006** Support 

Com——> RBE (H3a) 0.147 0.146 0.052 2.844 0.004** Support 

Com——> Ent. (H3b) 0.084 0.107 0.039 2.158 0.031* Support 

Note: *** p<0.001，** p<0.01，* p<0.05 

RBE represents regional business environment; Coop represents cooperation; Net indicates network 

relationship, and Com represents complementarity. 

 

Table 7 Regional Entrepreneurship Environment  

Table 7a Perceptions of Regional Entrepreneurship Environment  

Province  

Do you think the overall environment of the region you worked positively affect 

entrepreneurship? 

Very favorable 
Relatively 

favorable 
Ordinary Not very good Negative 

Fujian 1.0% 8.5% 21.5% 6.2% 0.6% 

Hubei 6.0% 7.4% 8.3% 0.8% 0.0% 

Shanghai 0.6% 8.7% 4.8% 0.2% 0.4% 

Guangdong 1.8% 8.7% 8.0% 0.0% 0.0% 

Beijing 1.2% 4.0% 1.0% 0.2% 0.2% 

Total 10.5% 37.4% 43.5% 7.4% 1.2% 
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Table 7b The Impact of the Triple Helix System on Regional Entrepreneurship Environment and 

Activities: Split Sample Test Results 

Path 

Group1 

Less Developed 

(Fujian and Hubei) 

Group 2 

More developed 

(Beijing, Shanghai, and 

Guandong) 

Estimate 

（standardized） 
P 

Estimate 

（standardized） 
P 

Coop——>RBE (H1a) 0.528 *** 0.095 0.325 

Coop——>Ent. (H1b) 0.383 *** -0.051 0.593 

Net——>RBE (H2a) 0.279 0.023* 0.022 0.303 

 Net——> Ent. (H2b) 0.382 0.003** -0.037 0.612 

Com——> RBE (H3a) 0.051 0.401 0.398 *** 

Com——> Ent. (H3b) 0.062 0.280 0.374 *** 

Remark: ***represent p<0.001，**represent p<0.01，*represent p<0.05 

 

  

Appendix 1: Sahlman (1999)’s Entrepreneurship Model  
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Abstract:  On the background of the development has just started in China of the 

Ecological-Industry Fund, this paper addresses the issues of  the innovation on development path of 

the Ecological-Industry Fund by literature research and empirical research method, in the way of the 

Triple Helix reinforcing and promotion mutually. On the analysis of  the faced challenges, the author 

gives the innovative proposals as below: government implements the system and position innovation 

as the Ecological-Industry Fund guider and mechanism guarantee; businesses achieve the operational 

methods and product innovation as the establishment and main operator of the Ecological-Industry 

Fund; universities complete ideological knowledge and technological innovation as the development 

researchers and think tanks. Government, industry (businesses) and universities will be merging 

together to promote the Ecological-Industry Fund develop  positively  and healthily in our country. 

Key words: Ecological Industry Fund; Green Venture Capital; Triple Helix Theory. 
 

The Triple Helix is the innovation mode constructed by the complex institution  and organization 

arrangements based on the three non-linear innovation mode of the university- government- industry 
[1]

. The Triple Helix theory refers to the study of multiple Triple Helix innovation mechanism, 

describing the innovative activities to satisfied the market demand , the three forces formed a new 

cross spiral relationship during the long-term the interaction process of the contractual and 

non-contractual relationship
[2]

, which focused on the dynamics of collaborative innovation mechanism 

by the interaction among government ,university and industry. 

The development of the Ecological Industry Fund in China needs the collaboration among the 

universities,business, government, which creates a platform and builds knowledge flow channels, 

analysis of the interaction mechanism between the main innovation run by operation of the Triple 

Helix innovation system. Three spiral are: firstly, the Universities formed  the  science and 

technology helix providing the economic activities and the supply of intellectual capital ; Secondly, 

companies formed the industry spiral through the movement of new technology and new knowledge to 

production, and the provision for the diffusion of the scientific research and technological 

achievements; Thirdly, government formed government spiral through the institutional arrangement 

and innovation environment optimization
[4]

. The external manifestations of their cross collaborative 

relationship is the government agency carried out the technology dissemination and training and the 

staff entry into research centers or companies for coordination of relations; the industrial spiral 

personnel entered university training for researchers (tutor) ,providing offices or research platform to 

attract college to enter the industry; the members of science and technology spiral established 

companies by using technical resource or joining the government-led technology transfer department. 
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1. The research status on the Triple Helix theory and the Ecological industry Fund. 

For the Triple Helix theory, scholars have made a great deal of  the relevant theoretical research, 

mainly in terms of entrepreneurial university knowledge innovation and education patterns, regional 

economic development and industrial innovation, and so on. While the research of ecological industry 

fund has not yet formed a complete theoretical system, the relevant studies focused on domestic 

securities investment funds and foreign venture capital funds and private equity funds
[3]

.But the 

research on the relationship between the two studies of the relationship is few, foreign literature about 

it has not yet found. The domestic experts and scholars do the research on the Eco-friendly financing 

and feasible model from the angle of Carbon finance. the government guidance on the ecological 

industry fund, social responsibility and Ecological-industry fund business models were discussed. 

Wang Yao, the teacher of the Central Financial Work University of Climate and Energy Financial 

Research Center, described the size, type and mode of financing of Carbon Fund; in her book "Carbon 

Finance - Global Vision and Distribution in China" (2010); and Renmin University of China had 

established the center for Eco-Financial Studies in late 2014 ,which is the first research center of 

University Eco- finance. During the 2014 ecological financial seminars, the research center, Professor 

Lan Hong in his conference paper "PPP model  applications in environmental protection " proposed 

the establishment of the environmental industry fund for PPP model. And the recommendations from 

the United States Superfund experience, proposed  to establish a national soil remediation trust fund. 

Wang Nuosi (2010) brought out the proposal for establishing a low-carbon economy development 

based on the triple helix theory, specifically  combined the Triple Helix theory with a low carbon 

economy development. As for the Triple Helix Theory concrete application and market development 

of innovative Ecological-industry fund research has not yet found. 

2. the current development status of Eco-industry fund 

In the international framework "Kyoto Protocol", the role of developing countries in the carbon 

finance market is defined as the main provider of carbon credits,China has been the main supplier of 

carbon credits, as of March 2010, the host country has registered CDM projects in China to 781, 

accounting for 36.82%, has been issued CERs  (CO2 equivalent) of 191,424,332, accounting for 

48.21 %, topping the list. However, the study of ecological industrial fund is still in its infancy,there is 

no real  Ecological Industry fund up to now
[4]

. In 1994, China has begun brewing the establishment 

of the State Environmental Protection Fund. 

Currently, some provinces have established a special fund for pollution control, on the basis of sewage 

charges funds. China Green Carbon Fund and the Clean Development Mechanism Fund are the few 

domestic fund of  the carbon sinks and CDM (Clean Development Mechanism) CDM-related, July 

20, 2007, 300 million yuan has been invested by the China National Petroleum Corporation , to set up 

China Green carbon Fund under the China green Foundation, which dedicated to afforestation of CO2 

fixation activity. November 9, 2007, China Clean Development fund management center was 
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established
[5]

, the fund supervised the Ministry of Finance, specifically responsible for fund collecting 

raising, management and use. 

3. The Challenges of the Eco-industry market development 

A. The passive development of the Eco-industry funds, constrained relationship among the 

government,financial institutions, businesses.  

Government is the main promoter of China's ecological industry fund.  commercial banks by the 

Government promote the development of Eco-Finance products by promote the introduction of 

policies and regulations, The financial institutions conduct dealings with consumers and businesses . 

But the government's purpose is to achieve environmental protection by means of financial regulation. 

Banking securities and insurance companies are benefit from green products for profit
[6]

. Businesses 

and consumers must comply with state regulations, to achieve energy conservation, to achieve the 

interests of the unit and complete policy indicators. Thus,they formed a restrictive relationship. 

The balance between commercial bank profits and environmental protection, banks emphasized 

profitability, maximized the interests of shareholders and maximized profits. The green financial 

products have a certain degree of public property, it can bring economic profits limited. Commercial 

banks in the importance of profits and environmental protection measure, tend to be more inclined to 

self-interest, indirectly hinder the healthy development of green finance. 

B.The incomplete cooperative system between Environmental protection agencies and financial 

institutions  

Green Finance covering two areas of environmental protection and finance, financial institutions, but 

also contains the People's Bank of China, the Banking Regulatory Commission, Securities Regulatory 

Commission, Insurance Regulatory Commission, commercial banks, insurance companies, securities 

companies, etc. these units lack of a common platform for cooperation, so that each unit of unknown 

powers and responsibilities, specific tasks can not be implemented. A direct result of 

cross-management, duplicate management, policy effectiveness decline, increasing the cost of 

business operations, restrict the further development of green finance. 

C. The immature capital market environment and the imperfect financial system 

China's capital market is in transition period, convergent with the international market, It is difficult 

for capital market functions to effectively play  for the sake of the existence of structural 

contradictions and external environmental risks,which formed a weak effectiveness of capital 

market.The high dependence on green financial market environment, market environment seriously 

which restricted the development of green finance. The corporate environmental review and 

assessment is still a form
[7]。 Environmental risk assessment and management have not yet formed a 

complete system. Only by the lack of viable financial institutions to develop their own standard for 

enterprise project evaluation, there is no uniform standard in the financial industry, the mechanism is 

not perfect, the lack of guidance catalog industry, the lack of environmental risk assessment indicators, 
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most green financial system are in principle, and regulatory measures are lack of operability. Some 

high pollution, high energy consumption, high emission enterprises took advantage of these 

vulnerabilities, in obtaining financing funds to continue to expand existing production lines, no 

technical improvements and no environmental commitment leads to environmental accidents and 

environmental violations occur frequently. 

D. The scarcity of the complex talent of certain aspects in environmental protection 

Our green finance is just developing, the majority of staff working in the financial institution has not 

understood the environmental regulations and policies sufficiently, but they seldom make financial 

policy and environmental services into flexible use，which can not satisfied the needs of financial 

institutions and can not achieve the accurate assessment, approval and supervision of Eco-financial 

items, policymakers are separated from the practical experience
[8]

. These negative factors of the lack 

for green compound talents brought financial impact on the restructuring and the rapid development of 

China's financial industry. 

 E. The lack of innovation on the Eco-industry fund product   

 Now, most of the ecological industry fund is still in its environmental policies in order to meet the 

standards and industrial policy criteria of the exporting country, or to fulfill the agreement signed at 

the climate conference. and the Financial Innovation product for China's environmental protection  

which have profound and lasting affect is less. 

4. the Innovation on  development path of the Ecological Industry fund based on the Triple 

Helix Theory. 

A. the government level 

1.Innovated the government location position according to the characteristics of Ecological

-industry fund. 

According to investments, the Ecological -industry funds can be divided into regional complex 

ecological industry fund industry funds and the simple ecological industry Fund. The former invested 

in environmental protection, including many industries, such as water environment fund in Tianjin 

Ecological-city construction funds ; the latter invested in a green industry, such as soil remediation 

industry fund. These two funds need government support , but it is different in the degree of 

government intervention of the financial resources. Generally, the government will play a leading role 

in funding and investing in certain areas, for the significant regional nature of the Ecological industry 

funds . First, these funds need the involvement of government more deeply, because the area of these 

funds to invest has been defined clearly in the beginning of the establishment, the Fund's investment 

plans in the region is usually the implementation of environmental protection planning, therefore, 

which can not be completely market-oriented operation
[9]

. The institutional innovation and the 

construction of the cooperation relationship of clear contractual, clear responsibilities, benefit sharing, 

risk-sharing partnerships between the government and private capital between the government and 

private capital. 
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In addition, since the investment target for such funds are invested to regional environmental 

protection, there is variety of industrial chains in the region between the various industrial chains; The 

mutual support and risk control can the achieved among the industrial chains by way of project 

planning and designing. Government finances are risk-averse, such as the fund invested to the regional 

environmental objection not only for smaller risks, but also for more possibilities of government 

financial involvement . Generally the investments for some certain green industry fund environmental 

protection industry, the proportion of financial resources is not very high, as government is not the 

General Partnership but the Limited Partnership of the fund management institution , the reason would 

be the greater investment risk of this fund, and the financial funds are mainly play a leading role. 

The ecological industry Fund invested to the unlisted companies ,which greatly increased the 

investment risk. Budgetary funds should play a guiding role to support more venture capital to invest 

in environmental protection industries. A large proportion of China's environmental protection 

enterprises are not listed small and  medium enterprises, especially new environmental technologies, 

many of them are immature projects, and the market risks would be great, banks and other financial 

institutions are reluctant to provide loans as its start-up capital Lack of start-up capital is often a major 

obstacle to China's environmental technology and environmental protection industry development. 

Government has put some financial funds, to guide the market to establish more environmental 

protection industry investment fund, to solve the problem of environmental technology and 

environmental business start-up capital deficiency problem to a certain extent. For the sake of the high 

risky investment funds, the financial fund would be sacrificed after its involvement, it is not 

appropriate for the financial capital a larger proportion of financial resources in the Fund, to achieve a 

guiding role. 

2. Innovated the System Security and trading mechanisms involved in the organization and 

management 

First, Government should establish long-term stable growth of investment mechanism in 

environmental protection funding to improve government environmental input capability. According to 

China's 12th Five-Year economic development, to meet the demands for national environmental 

protection strategy and the people's basic demands for environmental quality, It is not enough to invest 

3.4 trillion in environmental protection.The businesses should rely on the state financial expenditure 

for environmental protection to perfect the ecological quality, improve environmental protection 

related to the Financial System and establish long-term stable funding growth mechanism. Attaches 

great importance to environmental protection, the establishment of environmental protection and 

economic development expenditure, revenue bi-response mechanism, steadily enhance the amount of 

financial support for environmental protection
[10]

. 

Second, to expand the financing channels and establish the ecological industry fund mechanism of 

fiscal fund oriented and multi-stakeholder involvement . Complete the source structure of the 

environmental protection fund, bring the government guidance and institutional leverage into full play ,  
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the simple dualistic way of the government and the market can not meet the needs of environmental 

protection at present, we must broaden our thinking, make system innovation, combine the 

government and the market mechanism organically, multiple channels to raise the environmental 

protection fund, improve the efficiency for investment in environmental protection. 

In addition to the financial capital, a series of financial institutional arrangements to be put in the green 

industry to leverage social fund. Not so much financial investment will be needed for these 

arrangements , but you can pass legislation requiring a change in the assessment system and establish 

a social responsibility system, provide environmental cost information and other methods to increase 

banking and investment preferences for green projects that reduce their pollution project the 

propensity to invest. Financial institutions (such as banks clearly legal accountability for the 

investment projects of pollution) through legislation ; require institutional investors to take the 

incorporate environmental into considerations in their decision-making processes; environmental 

impression in credit ratings; requires companies and listed companies to issue bonds to reach the green 

social responsibility norms; establish the network of the  green institutional investors; establish a 

carbon trading system; the establish of the project costs  the quantification and evaluation system of 

the project. 

 B .the enterprise level 

1. Innovated the establishment way  

The commercial banks and the environmental protection companies jointly initiated the establishment 

of the Ecological-environmental protection industry fund, specializing in investments to promote 

environmental protection and development of ecological balance . The practice in foreign countries 

has proved the efficiency of such investment funds are not lower than the efficiency of the general 

fund.for its reasonable objective and environment risk avoiding. and therefore the long-term total 

return on investment may be higher than the general fund. We launched a green fund, specializing in 

investments to the business related to environmental protection or environmental protection 

measures,not only for obtaining benefits, but also for protecting the environment. 

Banks have issued the financial products linked to the carbon emissions rights for environmental 

protection. Bank of China and Shenzhen Development Bank has innovated breakthrough, issuing the 

carbon emissions trading financial products. These financial products expand the individual and 

corporate customers new investment channels who have know about the environmental protection and 

green finance. The government-led Ecological-industry funds guide the social capital to invest  funds 

green industry development, funded by the Government or guarantees to guide social capital to invest 

in seed and start-period energy saving, new energy business investment fund. on the one hand, of 

through environmental protection, new energy enterprises to provide financial support for the early 

part of the guide private capital and private capital fund further investment in the company, played a 

leverage effect enlarge support for government funding
[11]

; then obtain their financial support of 

environment-friendly enterprises, but also get a government credit guarantee invisible, can improve 
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the enterprises in the bank's credit rating to gain more green loans. 

 In addition, the government should support the establishment of financial institutions in the field of 

energy saving industrial investment funds and equity funds, financing and other services to carry out 

energy efficiency, encourage green technology companies through market channels, organizational 

assistance, SME collective bonds issued to extensively financing. 

2. Innovated  the operational way  

The Ecological-industry fund could be established in the way of  the government-led mode or the 

PPP mode in China, according to the characteristics of the environmental protection industry 

requirement.  

Government-led mode:The local Government organized the companies,commercial banks jointly 

initiated the Ecological-industry Fund  as investors。In the case of direct introduction of the superior 

investment management companies, It can take measures to establish normal relations between 

investors and fund management companies form; in the case of not finding the qualified management 

of market-proven companies, It can invite investors to participate in establishing the fund management 

company as shareholder, fully guarantee the rights to information and supervision of the project, 

taking the form of bundling the interests of managers and investors to compensate the absence of a 

fiduciary relationship problems. 

On the operation of the fund , The Ecological-industry funds could entrust the fund management 

companies for market operation management, fund asset could be trusted by the selected commercial 

banks, local government is responsible for policy guidance and merit-based fund management 

company project recommendation, the fund management company has the full autonomy in the 

screening program,determining the investment, the exiting way and so on, and not limited to the 

project that government recommended. 

PPP mode: The PPP mode environmental industry fund refers to financial capital to participate in the 

environmental protection industry market, supporting and guiding their enterprises and industries to 

invest in environmental protection. The trial of the PPP mode is the environmental protection industry 

soil remediation fund industry fund in China
[12]

. Actually, The Soil remediation industry began in 2012 

when the environmental protection department and other departments jointly issued the "Notice on the 

guarantee on the redevelopment and utilization of industrial sites to protect environmental safety", this 

model has been in application in foreign countries, but is still the pilot phase in China.  

This fund has taken the whole area of environmental protection as a big project, which distributed a 

variety of industrial chain as sub projects, the chains echoed each other, so that the environmental 

projects that is not profitable at beginning could attract social capital through financial join, complex 

chain designing, after packing the financial funds as seed money to finance the total project package of 

benefits to attract social capital, then formed the PPP mode Industry Protection Fund. 

 3.Innovated the organizational forms  

The industrial investment fund companies usually set up in the forms of corporation or partnership. 
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Particularly the partnership form  is increasingly becoming the main form of industrial investment 

funds with its "simple structure, high operational efficiency," But the social and economic basis of our  

partnership development for investment industry fund is not available, the current market order can 

not be generalized either. In order to effectively protect the interests of investors, we should learn the 

experience from Taiwan, through the establishment of the investment industry fund corporation , to 

strengthen the property constraints with shareholders of the fund company and with fund corporation 

directors to fund managers . On the operation of fund , Ecological-industry funds entrust the fund 

management companies for market operation management, fund assets were selected by commercial 

banks
[13]

, local government is responsible for policy guidance and merit-based fund management 

company project recommendation, the fund management company has full autonomy not limited to 

the projects the government has recommended in the screening program and determing the investment, 

project exiting ect. 

4. Innovated the Ecological-Industry Fund products 

To avoid speculators speculating the Ecological-industry fund products, causing confusion in the 

market, we must strive to develop long-term investment-oriented innovative products. Financing 

combinations using a combination of equity and debt, when adoption the combinations we must take 

the benefits and risks into consideration. Thus we can not only get the considerable benefits, attract 

investment, but also reduce the investment risks, the need for long-term financial support for 

large-scale projects is an effective reassurance. Encourage the establishment of Ecological-industrial 

fund management companies, venture capital is usually a equity investment but it may not be limited 

stake,The venture capital can provide enterprises with a flexible production, tender, product launches 

and channels in short of fund in the target enterprise. Enterprises are facing the problem of  

insufficient liquidity, venture capital investment arrangements can be divided into multi-phase, it is 

expected to be 50-70% of the total investment in the first phase, and then the rest will be put in and  

improve the equity ratio continuously. 

 It will encourage venture capital funds to be invested in unlisted before actively entering and reduce 

investment costs when to Innovated financial instruments and to encourage enterprises to issue 

convertible preference shares and convertible bonds, particularly convertible bonds. once the 

enterprise market, venture capital agencies will convert convertible bonds  into stock to achieve in 

exiting out, even if the enterprise market disruption, venture capital institutions can obtain liquidation 

preference and achieved a relatively high dividend or bond interest
[14]

. So you can consider the 

implementation of the pilot in the environmental protection industry, relax enterprises to issue 

convertible bonds conditions, some companies set up preference shares, reduce investment risks of the 

venture capital funds. 

C. the Universities level 

Compared with  industry and government, universities play an irreplaceable role in providing 

innovative ideas and  knowledge for society. It is Universities that promote the technical innovation, 
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system innovation or innovative thinking innovation for the Ecological-Industrial Funds, as a result  

Universities pay enough attention  to the research and development of  these fields, shorten the 

innovation  cycles of  the relevant knowledge and technology. 

1. The construction of high-quality green finance professional teams 

University is the knowledge producers, it is also the source of human thought and knowledge 

innovation, providing support for the development of ecological industry innovation fund.Since the 

ecological industry fund is in the initial stage of development with little experience,for the sake of  

the scarcity of talent grasping both environmental regulations and financial affairs , we must accelerate 

the professional training, increasing the talent pool.  

First, to attract comprehensive high-quality talent from universities to the green financial sector for 

experiential learning. Universities who just graduated with a high- learning ability, and fast reaction 

speed , but lack of working experience
[15]

. When these to be sent to financial sector for two to three 

years before mastering key and key points, reserve personnel lay the foundation for green finance. 

Second, to select the business manager with rich business experience in financial institutions and 

environmental protection departments to universities and Colleges for a period of six months to one 

year, then they can master the business and laws and regulations, or sent abroad to the universities 

cooperation for further study the green financial knowledge. Because at present  desperately short of 

green finance professionals talent, we should take on this kind of fast training methods, and to make 

up for the shortage of personnel situation in short time. 

2. The establishment of research centers, research institutions between universities, businesses 

and government through bilateral or multilateral form. 

The government agencies will undertake research projects as the establishment of Bilateral or 

multilateral research centers, providing new knowledge and new technologies for enterprises. 

Establish university business incubators, for-profit organizations through some form of (spin-offs), and 

other technology transfer. Construction through its technology transfer department incubators, 

corporate staff training, playing the role of intelligence tank for the government decision-making
[16]

. 

5. Conclusions and Recommendations      

 Government - Industry - University Triple Helix promote jointly the Ecological-Industrial fund 

development, its development should rely on government-led, promote the industry's implementation 

and the University of tripartite participation, work together, Innovative work together to complete the 

task. Government Ecological-Industry Fund and guide policy makers, government should, within the 

framework of the whole society, to handle the relationship between economic development and 

environmental protection, and guide social capital to invest in the  field of ecological industry fund; 

at the same time, to supervise enterprises and norms, giving the support for the development of 

Eco-industrial research university. On the one hand, Industry is the main carrier to initiate 

Eco-industry fund, establishment and operation ; on the other hand should cooperate with universities 
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to increase research into new products and put the knowledge of ecological industry fund into the 

production practice
[17]

. University is in the forefront of innovation and the body of knowledge, through 

interdisciplinary collaboration and cross-integration, to systematically study the ecological industry 

fund innovation and development, policy support and mode of operation-related issues for the country 

to contribute to innovation; at the same time, through the integration of research, promote the 

development of innovative Ecological-Industry Fund to promote the transformation and upgrading of 

industrial structure. 
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Abstract:The contemporary era of knowledge economy demands further enhancement of 

university-industry-government (UIG)/ Triple Helix (TH) relations. TH theory and TH indicator have 
hitherto been employed mostly in national level studies whereas less such attention has been paid to the 

sectoral level. We propose a model that incorporates TH, Sectoral Systems of Innovation (SSI) and 

neo-evolutionary thinking and based on which the evolution of UIG relations and institutions shaping UIG 
relations in the life sciences SSI in China is examined. By using the data from Science Citation Index (SCI) 

during 1991-2010, this study focuses on TH co-authorship relations in both domestic and international 

contexts. China has exhibited exponential growth in the number of publications. The TH indicator shows that 
the UIG networked research relations has experienced fluctuations since 1990s which can be explained by 

China’s various reform and opening up policies and other relevant factors in its trial-and-error learning 
process. 
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1. Introduction 

The contemporary era of knowledge economy demands further enhancement of university-industry-government 

(UIG)/Triple Helix (TH) relations [1] within Systems of Innovation (SI) [2] at various dimensions, such as 

National Systems of Innovation (NSI) [3, 4] and Sectoral Systems of Innovation (SSI) [5]. 

SI at various levels with different and flexible boundaries that are in effect interrelated to one another, be they 

NSI, Regional Systems of Innovation (RSI) [6], SSI, or technological systems  [7], commonly involve a 

population of actors and their complex interactions as well as their interplay with social institutions and all other 

relevant factors in the development, diffusion and use of innovations [8-10]. Among these actors, universities, 

industrial firms, and governmental agencies can be considered as the three most crucial ones who are becoming 

progressively interconnected in innovative activities, which lead to the formation of the TH of UIG relations [11]. 

Therefore, the TH of UIG relations has naturally become the de facto core subsystem of SI. However, TH theory 

has traditionally been regarded as an alternative of SI approach (and theory of Mode-2 knowledge production 

etc.) [12, 13], albeit they are not competing or mutually exclusive [14]. TH Indicator has hitherto been used in 

examining SI at different levels, such as studies relevant to NSI [15-19] and RSI [20], 

but less attention has been paid to associate TH theory and TH indicator with SSI. 

China has been shifting from a planned economic system to a market-based one since the implementation of 

reform and opening up policy in 1978. Reforms have led to progress in institutional adjustments and opening up 

has provided opportunities for China to benefit from globalization. China‘s unprecedented achievements in the 

past few decades can be mainly attributed to the complex and evolving UIG interaction in the process of 

constructing and reforming Chinese NSI. Retrospectively, we can say that the evolution of Chinese UIG 

relations towards reciprocal TH resulted from China‘s continual experiments with new ways of promoting 

socio-economic prosperity. Institutions shaping UIG relations in the Chinese NSI have undergone continuous 

transformation as can be seen in (Appendix A). In particular, the life sciences sector has attracted the attention of 

policy-makers since the initial stage of the construction of the Chinese NSI and thus a series of programmatic 

incentives related to life sciences innovation have been promoted (Appendix B). 

Despite China‘s increasingly significant role in the world‘s S&T arena, few studies have concerned the TH 

dynamics in China and fewer have explored the TH relations in its life sciences SSI. 

The research question is: How did the TH of UIG relations and institutions shaping TH relations evolve within 

SSI in the case of the life sciences sector in China? 

To answer this question, we put forth a model that incorporates TH theory, SSI approach and neo-evolutionary 

thinking that encompasses evolutionary thinking in temporal, spatial and interaction dimensions and based on 

which the evolution of TH relations and institutions that shape TH relations in both domestic and international 

UIG scientific collaboration in life sciences SSI in China is investigated. Domestically and internationally 

co-authored papers are extracted for analysis of national and international TH co-authorship relations 

respectively. A hybrid of quantitative methods (i.e. bibliometrics and TH indicator) and qualitative method (i.e. 

historical research) is employed. TH Indicator is used to measure the extent to which networks of relations 

among the three spheres have developed into a synergetic configuration [16]. 

The remainder of this paper is as follows: Section 2 consists of a literature review on TH theory, SSI approach, 

evolutionary theory and the relationships among the three domains that lead to our proposal of a model of an 

evolutionary SSI with TH being its core subsystem based on which we draw the research framework for the case 

study of the life sciences sector in China; Section 3 presents methods and data; Section 4 provides the results; 
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and lastly, Section 5 draws a conclusion and gives implications concerning theory advancement as well as policy 

making. 

2. Theoretical Background, Conceptual Model and Research Framework 

2.1 Theoretical background. Numerous theories and concepts have been invented to give insights into the 

phenomena of complex and dynamic innovation activities undertaken by heterogeneous actors. 

TH theory developed by Etzkowitz and Leydesdorff [1, 11] explains the dynamic and complex UIG relationships 

based on co-operative and reciprocal mechanism in the generation and capitalization of knowledge in economic 

systems. Their spiral theoretical model addresses the non-linear evolving tendency of progressively overlapping 

roles that university, business and government perform. It emphasises that universities can play an enhanced role 

in innovation undertakings for knowledge-based economic advancement and that effective and efficient UIG 

co-operation system is of key significance for national and regional economic performance [13]. 

SI approach originated from NSI framework and then expanded to analyses of systems on various levels, 

e.g. SSI and RSI. This study mainly addresses issues at the level of sectoral systems with regard to our case 

study to be presented in a later section although the discussion is highly relevant to systems at other levels as 

well. Distilling from essential ingredients of the SI approach and from key concepts of evolutionary theory, 

Malerba [9] redefines SSI as: ‗a set of new and established products for specific uses and the set of agents 

carrying out market and non-market interactions for the creation, production and sale of those products.‘ SSI 

approach accentuates market and non-market interactions among heterogeneous actors and the transformation 

processes of the system and regards sectoral boundaries as dynamic and flexible. 

Evolutionary theory highlights the dynamics of progressive economic and technological changes [21, 22]. It 

helps elucidate the evolution or co-evolution of technology, institutions, firm and industrial structure [e.g. 23]. It 

involves processes of imperfect learning and discovery as well as some selection mechanism based on fitness 

that winnows on extant variation that is generated by stochastic elements in an environment characterised by 

uncertainties and complexities. It has three building blocks, i.e. processes of replication, processes of variety 

creation and selection mechanism [21]. 

Nevertheless, evolutionary theory has so far centerd on temporal dimension, albeit such evolutionary thinking is 

also applicable to other dimensions, e.g. spatial dimension which deserves more attention. We introduce 

neo-evolutionary thinking that expands evolutionary theory so as to encompass evolutionary thinking in three 

dimensions, i.e. temporal, spatial and interaction dimensions along which a specific SSI evolves. 

Finally, we address the relationships among TH theory, SI approach and evolutionary theory. First, TH is 

generated as an evolutionary model in that UIG relations can be regarded as a constantly evolving TH of 

interaction or communication [24]. Secondly, SI approach has been explicitly or implicitly based their 

frameworks on an evolutionary perspective. The SI approach is originated not only from theories of interactive 

learning but from evolutionary theories of technological change [22]. In particular, SSI approach is openly based 

on key concepts of evolutionary theory and stresses the dynamics and transformation of the system [9]. Thirdly, 

we propose that TH and SI are compatible in that both can find their geneses in evolutionary economics and 

stress interaction among agents that engender knowledge and learning processes. We further put forward that TH 

of UIG relations that can best reflect the innovative capacity of and thus represent the whole SI be considered as 

the kernel of SI. In sum, as regards our case study, it is almost safe to build up a model of an evolutionary SSI 

with TH being its core subsystem. 
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2.2 A model of an evolutionary SSI with TH being its core subsystem. Based on the theoretical 

background discussed above, the pattern of relationships among TH, SSI and neo-evolutionary thinking of 

three dimensions, i.e. time, geography and interaction, can be conceptualised as illustrated in Fig. 1. 

 

Fig. 1.  A model of an evolutionary sectoral system of innovation with TH being its core subsystem 

Temporal changes that involve the evolution (or co-evolution) of technology, institutions (e.g. policies and laws) 

firm and non-firm organizations and industrial structure, infrastructure etc. are shown on the longitudinal axis, 

spatial changes that denote the globalization of scientific collaboration, trade, manufacturing etc. on the vertical 

axis, and a third dimension of interaction that engenders iterative innovation processes (i.e. the iterative feedback 

loops among research, design, development, production, marketing etc.) on the depth axis. This 

three-dimensional coordinate system represents the holistic evolutionary environment within which 

heterogeneous cognitive agents composing the SSI interact, communicate, leverage resources and competencies, 

exert influences and generate results. At the center of the sectoral system lies its core subsystem, i.e. TH of UIG 

relationship that assumes the hybrid responsibility of knowledge generation, wealth creation and public control 

[25]. Surrounding the TH are other actors in the sectoral system, e.g. intermediary organizations, financial 

institutions, incubators and NGOs. Complex and dynamic interaction together with flows and exchanges of 

resources may occur within or outside the TH or between the three helices and other agents. Heterogeneous 

agents as well as other elements in the sectoral system undergo unceasing evolution or co-evolution along the 

three dimensions. 

2.3 Research framework. As aforementioned, our model is based on TH theory, SI approach and evolutionary 

theory all of which are broad frameworks. Just like one can employ the broader evolutionary theory by focusing 

on certain elements, our model also serves as an extensive and flexible analytical 
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framework and which elements and aspects are to be considered depends upon the purpose of analysis. As far as 

our case study is concerned, we will mainly address the following elements or aspects (in bold and underlined in 

Fig. 1): the evolution of TH subsystem and institutions, international collaboration vs. domestic collaboration in 

globalization, and research in the innovation process. Thus, the model can generate a research framework for the 

case study (Fig. 2). 

 

 

 

 

 

 

 

 

 

 

 

 

3. Methods and Data 

3.1 Quantitative methods: TH indicator, bibliometrics and data. Entropy statistics is employed in our study. 

Specifically, we use TH indicator that is mutual information among uncertainties in three dimensions to measure 

the extent to which networks of relations among the three helices have developed into a synergistic configuration 

[16]. When variation is considered as a relative frequency or probability distribution (Σi pi), the uncertainty 

contained in the distribution (H) is defined [26, 27] as follows: 

Hi = – Σi pi log2 (pi) (1) 

For a two-dimensional distribution Hij is as follows: 

Hij = – Σi Σj pij log2 (pij) (2) 

Mutual information between two dimensions of the probability distribution can be written in information 

theory using the transmission (T) as follows [28]: 

Tij = Hi + Hj – Hij (3) 

Similarly, the mutual information in three dimensions—let us use ‗u‘ for university, ‗i‘ for industry, and ‗g‘ 

for government—can be defined as follows [29]: 

Tuig = Hu + Hi + Hg – Hui – Hug – Hig + Huig                  (4) 

The resulting TH indicator can be negative. A negative value means that the uncertainty prevailing at the 

network level is reduced. Because the information is configurational [30], the reduction of uncertainty cannot 

be attributed to a single contributor. These network effects are systemic [17]. 

The data source is the Science Citation Index (SCI) on the Web of Science provided by the ISI of 

Thomson-Reuters. To retrieve data, it is necessary to define ‗life science‘ first. Among many, we select the 

following broad definition: ‗Any of several branches of science, such as biology, medicine, anthropology, or 

ecology, that deal with living organisms and their organization, life processes, and relationships to each other 

and  
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their environment‘ [31]. Thus, we are able to identify life science subject areas covered by SCI
1
. 

Bibliometrics is used in international comparison among various countries that is based on 12,715,475 

publications in life sciences within period 1991-2010. The dataset of China that consists of 301131 publications 

in the same period is then retrieved with each record containing at least one address in ‗China‘ or ‗Hong 

Kong‘4
23

. Compared with former studies, e.g. [18], we use complex but more accurate search strings5
4
. Finally, 

we divided all the Chinese papers by various TH sectors in life sciences in the SCI (1991-2010) into two subsets: 

(1) 209903 domestically authored or co-authored papers (containing only Chinese addresses, which is a proxy 

for the domestic environment) that allows us to investigate the evolution of TH relations in national scientific 

collaboration and (2) 91228 internationally co-authored papers (containing at least one foreign address, which is 

a proxy for international environment) that are used to examine the evolution of the TH relations in the 

international scientific co-operation. 

3.2 Qualitative method: historical research and data. The qualitative method is historical research that 

consists of analyses of the evolution of institutions shaping UIG relations in the Chinese NSI and programmatic 

                             
1 Subject Areas=( BIOCHEMISTRY MOLECULAR BIOLOGY OR PHARMACOLOGY PHARMACY OR 

ENVIRONMENTAL SCIENCES ECOLOGY OR PLANT SCIENCES OR NEUROSCIENCES NEUROLOGY OR 

BIOTECHNOLOGY APPLIED MICROBIOLOGY OR ONCOLOGY OR AGRICULTURE OR CELL BIOLOGY OR 

BIOPHYSICS OR CARDIOVASCULAR SYSTEM CARDIOLOGY OR GENERAL INTERNAL MEDICINE OR 

GASTROENTEROLOGY HEPATOLOGY OR SURGERY OR GENETICS HEREDITY OR IMMUNOLOGY OR FOOD 

SCIENCE TECHNOLOGY OR ENDOCRINOLOGY METABOLISM OR HEMATOLOGY OR RESEARCH 

EXPERIMENTAL MEDICINE OR MICROBIOLOGY OR LIFE SCIENCES BIOMEDICINE OTHER TOPICS OR 

RADIOLOGY NUCLEAR MEDICINE MEDICAL IMAGING OR TOXICOLOGY OR MARINE FRESHWATER 

BIOLOGY OR PUBLIC ENVIRONMENTAL OCCUPATIONAL HEALTH OR DENTISTRY ORAL SURGERY 

MEDICINE OR UROLOGY NEPHROLOGY OR PHYSIOLOGY OR ZOOLOGY OR OBSTETRICS GYNECOLOGY 

OR OPHTHALMOLOGY OR PATHOLOGY OR VIROLOGY OR INFECTIOUS DISEASES OR REPRODUCTIVE 

BIOLOGY OR PEDIATRICS OR ENTOMOLOGY OR NUTRITION DIETETICS OR PSYCHIATRY OR RESPIRATORY 

SYSTEM OR TRANSPLANTATION OR DERMATOLOGY OR VETERINARY SCIENCES OR MATHEMATICAL 

COMPUTATIONAL BIOLOGY OR FISHERIES OR EVOLUTIONARY BIOLOGY OR MEDICAL LABORATORY 

TECHNOLOGY OR ORTHOPEDICS OR PSYCHOLOGY OR DEVELOPMENTAL BIOLOGY OR INTEGRATIVE 

COMPLEMENTARY MEDICINE OR OTORHINOLARYNGOLOGY OR PALEONTOLOGY OR ANESTHESIOLOGY 

OR MYCOLOGY OR PARASITOLOGY OR SPORT SCIENCES OR RHEUMATOLOGY OR FORESTRY OR 

GERIATRICS GERONTOLOGY OR HEALTH CARE SCIENCES SERVICES OR NURSING OR BIODIVERSITY 

CONSERVATION OR ANATOMY MORPHOLOGY OR BEHAVIOURAL SCIENCES OR TROPICAL MEDICINE OR 

MEDICAL INFORMATICS OR REHABILITATION OR LEGAL MEDICINE OR ALLERGY OR EMERGENCY 

MEDICINE OR ANTHROPOLOGY OR SUBSTANCE ABUSE OR MEDICAL ETHICS ) 
4 

Although Taiwan is part of China, we decide to exclude publications by authors from Taiwan in our dataset 
5 

 ‗OG=(UNIV OR COLL OR INST TECHNOL OR SCH)‘ for universities, ‗OG= (CORP OR CO OR INC OR LTD OR SA OR 

AG)‘ for industry, and ‗OG= NATL NOT OG=(NATL SAME (UNIV OR COLL OR INST TECHNOL OR SCH OR CORP 

OR CO OR INC OR LTD OR SA OR AG) )) 

OR (OG= MIL NOT OG=(MIL SAME (UNIV OR COLL OR INST TECHNOL OR SCH OR CORP OR CO OR INC OR LTD 

OR SA OR AG) )) OR (OG= LIB NOT OG=(LIB SAME (UNIV OR COLL OR INST TECHNOL OR SCH OR CORP OR CO 

OR INC OR LTD OR SA OR AG) )) OR (OG= LAB NOT OG=(LAB SAME (UNIV OR COLL OR INST TECHNOL OR 

SCH OR CORP OR CO OR INC OR LTD OR SA OR AG) )) OR (OG= CHINESE NOT OG=(CHINESE SAME (UNIV OR 

COLL OR INST TECHNOL OR SCH OR CORP OR CO OR INC OR LTD OR SA OR AG) )) OR (OG= CTR NOT 

OG=(CTR SAME (UNIV OR COLL OR INST TECHNOL OR SCH OR CORP OR CO OR INC OR LTD OR SA OR AG) )) 

OR (OG= CENT NOT OG=(CENT SAME (UNIV OR COLL OR INST TECHNOL OR SCH OR CORP OR CO OR INC OR 

LTD OR SA OR AG) )) OR (OG= JAPAN NOT OG=(JAPAN SAME (UNIV OR COLL OR INST TECHNOL OR SCH OR 

CORP OR CO OR INC OR LTD OR SA OR AG) )) OR (OG= STATE NOT OG=(STATE SAME (UNIV OR COLL OR INST 

TECHNOL OR SCH OR CORP OR CO OR INC OR LTD OR SA OR AG) )) OR (OG= RES NOT OG=(RES SAME (UNIV 

OR COLL OR INST TECHNOL OR SCH OR CORP OR CO OR INC OR LTD OR SA OR AG) )) OR (OG= INT NOT 

OG=(INT SAME (UNIV OR COLL OR INST TECHNOL OR SCH OR CORP OR CO OR INC OR LTD OR SA OR AG) )) 

OR (OG= INST NOT OG=(INST SAME (UNIV OR COLL OR INST TECHNOL OR SCH OR CORP OR CO OR INC OR 

LTD OR SA OR AG) )) OR (OG= CHINA NOT OG=(CHINA SAME (UNIV OR COLL OR INST TECHNOL OR SCH OR 

CORP OR CO OR INC OR LTD OR SA OR AG) )) OR (OG= (ACAD OR ADM OR AGCY OR BUNDES OR BUR OR 

CERN OR CNRS OR COMM OR DEPT OR ESTAB OR EUROPEAN OR FDN OR GOVT 

OR HOP OR HOSP OR INRA OR JAPANESE OR MINIST OR NIH OR OFF OR ORG OR US)‘ for government labs. These 

three sub datasets are then refined by life sciences subject areas and labelled as ‗U‘, ‗I‘ and ‗G‘ respectively. Finally, we use 

Boolean operators ‗AND‘ to combine the three refined subsets, i.e. U ∩ I, U ∩ G, I ∩ G, and U ∩ I ∩ G 
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incentives related to life sciences innovation in China. 

Historical research is a method for discovering, from records and accounts, what happened during some past 

period [32]. It is basically descriptive and begins with the narration of events in a time sequence. Specific events 

are identified and described as to particular characteristics. Analysis addresses the questions of interpretation, 

relationship, and consequences of the events. Historical studies are not deterministic, so probable cause, rather 

than deterministic cause, describes historical relationships [33]. 

Data concerning institutional changes and programmatic developments is collected from official websites of 

MOST, MOE and various secondary sources. The evolution of institutions that influence the TH have undergone 

continuous transformation as can be seen in (Appendix A), which is divided into four phases with distinct 

features through historical analysis. A series of programmatic incentives related to life sciences innovation is 

also shown in a time sequence (Appendix B). All these will facilitate the interpretation of quantitative results in 

the next section. 

4. Results 

Since the early stage of China‘s construction of NSI，life sciences research has been given priority. This can be 

substantiated by the National Key Technologies R&D Programme that commenced in 1982 with a main focus on 

improving living standards through technological advances in identified key technological areas including 

agriculture, medicine, health care, environmental protection etc. This was the first national S&T plan and the 

biggest in China in the 20th century and is still one of the most important programmes at present (under a 

different name ‗National S&T Support Programme‘ since 2006). The subsequent S&T programmes have all put 

emphasis on the development of various life sciences areas (Appendix B). 

The achievement of China‘s various S&T initiatives in life sciences can be seen in Fig. 3 which illustrates the 

longitudinal trend of number of publications in life sciences by major countries in the SCI within the period 

1991-2010. China is the only nation who has exhibited exponential growth in publication volume over the two 

decades, thus being able to rank at the world‘s fourth position just after USA, UK and Germany in 2010 by 

publishing 53553 papers. As regards EU27, it surpassed USA for the irst time in 1997 and thereafter  they were 

neck and neck until 2005 since when EU27 has taken the lead. Japan‘s productivity declined from 53633 in 2009 

to 50621 publications in 2010, giving its world‘s fourth place to China, with Italy, France and Canada following 

behind. 

 

Fig. 3. Trend of publication volume in life sciences by top countries (1991-2010) 
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The rest of this section is composed of two parts that report on the results of the evolution of domestic and 

international UIG collaboration respectively through historical analysis of the transformation of institutions that 

shape TH relations. Since the number of domestically authored or co-authored papers (209903) used to 

investigate domestic UIG collaboration is far more than that of internationally authored papers (91228) used to 

examine international TH collaboration, the classification of the four phases of institutional evolution (Appendix 

A) is more correlated with domestic TH co-operation and thus is discussed more in Subsection 4.1. 

4.1 The evolution of domestic UIG collaboration and institutions. China‘ implementation of reform policy 

has led to institutional progress, transforming the former planned economic system to a market-based one. 

China‘s unprecedented achievements in the past few decades can be mainly attributed to the complex and 

evolving UIG interaction in the process of constructing and reforming Chinese NSI. Four phases of the evolution 

of UIG relations (Appendix A) have resulted in the changes of TH collaborative patterns. 

 

 

 4a (left), b (right). Percentage of domestically authored or co-authored papers in life sciences in the SCI 

(1991-2010) by various TH sectors. Series with value less than 1 percent are shown on the right-hand side. 

Fig. 4 shows the percentage of publications in life sciences (containing at least one Chinese address) during 

1991-2010. The decrease of G‘s value indicates the decline of government labs‘ within-sector relative 

contribution to life sciences research system, which can be explained by initiatives to reform PRIs (e.g. those in 

1987, 1999, and 2000) mainly by converting them into technology firms. By the end of 2003, 1149 formerly 

government-owned research institutes had implemented conversion. They were transformed into technology 

firms but maintained relations with former PRI collaborators, forming a natural linkage between firms and PRIs, 

which can explain the increase of UG and fluctuations of UIG and IG and the overall relative growth of 

inter-sector collaboration involving G. Another salient phenomenon is the augmentation of UI collaboration, 

which can be interpreted by various incentives as shown in Appendix A, e.g. the promulgation of Opinions of 

State Education Commission, State Science and Technology Commission and State Commission for 

Restructuring the Economic System on University-Run S&T Enterprises in 1994 further promoted 

university-industry linkage. 

Mutual information as a TH indicator measures synergistic effects of UIG relations at the systems level which 

cannot be revealed by one dimensional analysis. Fig. 5 demonstrates the evolution of Chinese TH relations of 

domestic scientific collaboration in life sciences system of innovation as expressed by two-year moving averages. 

As discussed earlier, negative values indicates the reduction of uncertainty among the three helices. Since there 

may be a time lag of one or several years between the launch of a national policy or initiative and the time when 

it can exert full influence, the result in a particular year as shown may be attributed to institutional changes in 
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former years. 

 

Fig. 5. Mutual information in three dimensions of domestically authored or co-authored papers in life sciences in 

the SCI (1991-2010) 

Overall, the values of the configurational information Tuig is unfavourably high. The trend consists of 

fluctuations which can be explained by the trial-and-error learning process of the Chinese system of innovation 

in institutional reforms. To begin with, the mutual information among the three spheres decreased from -12.4 

mbits in 1992 to a minimum of -29.9 mbits in 1993, revealing that the domestic TH system achieved its highest 

synergistic effect across the two decades. Such intensive TH relations can be attributed to earlier radical reforms 

initiated by the de facto second president Deng Xiaoping. It is very likely that the deepening of structural 

reforms of S&T and educational systems might exert significant positive influence on the TH synergistic effects 

between 1991 and 1993. The burgeoning of business incubators, high-tech development zones and university 

science parks during 1989-1992 further induced the co-operation of governmental agencies, firms and HEIs. In 

1991, the State Council‘s issue of an endorsement of university/PRI–run enterprises reinforced university/PRI–

industry linkage, thus also contributing to the surge of the TH network effects at the beginning of 1990s. The 

launch of Plan for Joint Development and Engineering Projects between Universities, PRIs and Enterprises by 

SETC, MOE and CAS in 1992 might also add to the high level of effective integration of the three helices‘ 

innovative endeavours in 1993. Thus, the TH indicator in 1991-1993 can be interpreted by the first phase 

(1985-1991) of the evolution of institutions shaping UIG relations in the Chinese NSI (Appendix A), which 

emphasised structural and institutional reform of the S&T and educational systems so as to meet the needs of the 

development of market-based economy. 

However, policy-makers should constantly adjust plans or promulgate new incentives to adapt to changing 

situation and sustain forceful and effective implementation; otherwise, unexpected results may be generated. The 

mutual information surged during 1993-1996 which can be explained partly by possible ineffective 

implementation of former initiatives, partly by the changed environment and partly by several novel plans 

experimented on by the authority around this period. For example, another round of State Council restructuring 

that resulted in the downsizing of standing departments from 68 to 59 and the subsequent reform and reduction 

of provincial and local government organizations during 1993-1996 might have affected the coordination 

efficiency of government agencies temporarily though not in the long run. In 1997, the mutual information 
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dropped again indicating increased degree of integration among the three helices, which may be attributed to 

earlier initiatives, e.g. the State Education Commission founded the National Association of Industry-University  

Co-operative  Education  in  1996.  Thus,  the  mutual  information  during  1994-1997 

corresponds to the second phase (1992-1996) of the evolution of institutions, which is characterised by further 

institutional adjustments. 

Nevertheless, among other events, the monetary crisis in Asia during 1997-1998 probably disturbed the Chinese 

life sciences SSI and caused the subsequent decrease of synergistic effects in the domestic TH system. From 

1999 to 2002, the TH indicator rose slightly but then managed to go down again and reached a trough in 2004 

which signifies the recovery of TH networked research relations. Hence, the TH indicator in 1998-2004 is 

related to the third stage (1997–2005) of institutional evolution when China explicitly adopted the notion of NSI 

and started to utilise such system thinking in the economic and political reforms. 

Since 2005, the mutual information has remained at high level with little variations and ended with a slight 

decline in 2010, which reveals that the national TH system has not achieved sufficient synergistic effects. This 

may be due to the fact that R&D expenditures in universities have been most significantly increased (e.g. 27.6% 

growth in 2010 over 2009) which has enhanced universities‘ dominant position in basic research and decreased 

relative proportion of research conducted by PRIs and firms, thus deepening imbalance in UIG scientific 

research system. Thus, the TH indicator during 2005-2010 corresponds to the fourth phase (2006-present) when 

China has identified building an innovation-oriented country as a national development strategy. 

4.2 The evolution of international UIG collaboration and institutions.  

China‘s opening up offers a conduit for international co-operation and exchanges in S&T activities and the 

concomitant inflows and outflows of knowledge that refreshed the Chinese NSI and led to its re-emergence 

as a major power in the global S&T arena. 

Fig. 6 illustrates the percentage of papers in life sciences in the SCI (1991-2010) internationally co-authored by 

various TH sectors, which means that any paper in this dataset contains at least one foreign address. Different 

from the domestic co-authorship context where university has a dominant position, the left-hand side of Fig. 6 

demonstrates that in international scientific collaboration university-government and inter-university 

international co-authorship (UGF and UF respectively) bear an almost equivalent share, which implies the 

significant role of international co-operation between public sectors, despite the fact that inter-government 

collaboration (GF) share has dropped due to the conversion of a number of PRIs into firms as explained in an 

earlier part concerning domestic research system. Additionally, as opposed to the TH relations in domestic 

scientific collaboration, the international UI bilateral relation and UIG trilateral relation (UIF and UIGF) own a 

much higher share, which indicates the influential status of foreign MNCs in international academia-industry 

linkage, especially those who have set up R&D centers in China. 
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Fig. 6a (left), b (right). Percentage of internationally co-authored papers in life sciences in the SCI (1991-2010) by 

various TH sectors. Series with value less than 3 per cent are shown on the right-hand side. (Note: F=foreign) 

 

One can also investigate the evolution of international TH relations in the context of globalization of scientific 

collaboration. Fig. 7 illustrates the mutual information in three dimensions of internationally co-authored papers 

in life sciences in the SCI during 1991-2010. In general, the mutual information of international TH relations in 

the two decades is higher than its domestic counterpart, indicating the relatively less TH network effects in 

international UIG collaboration vis-à-vis national UIG co-operation. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7. Mutual information in three dimensions of internationally co-authored papers in life sciences in the SCI 

(1991-2010) 

First, the value of TH indicator plunged since 1991 and reached a minimum of -18.9 in 1994 when the 

international TH relations obtained highest synergistic effect. This can be attributed partially to Deng Xiaoping‘s 

South Talk in 1992 which fostered opening up, e.g. open FDI policy has given incentives to foreign MNCs to 

make direct investments in China that usually involves participation in management, joint-venture, technology 

transfer and expertise and thus facilitated the upgrading of China‘s system of innovation. Secondly, the mutual 

information reached a peak point in 1997 when the Asian financial crisis occurred. In 2001, the TH indicator 

came to a trough when the International S&T Co-operation Programme that encouraged the advancement of life 

sciences research by taking advantage of global S&T resources was implemented, which might have accelerated 

international collaborative research results and contributed to international TH synergistic effects. This is also 

the year when China became a member of WTO after years of efforts. Finally, unlike the domestic TH relations, 

the international TH indicator exposes an obvious trend of reduction in the last few years, signifying gradually 

enhanced TH synergistic relations in international scientific co-operation in life sciences research. On the whole, 
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however, the mutual information of international TH relations reveals that there is still plenty room for China to 

expand its participation in the globalization of innovation. 

In summary, although China has achieved exponential growth in terms of number of publications in life sciences, 

the TH indicator shows that both domestic and international UIG collaboration in life sciences research have not 

attained satisfactory synergistic effects among the three helices. China has experienced fluxes since 1990s in 

terms of synergistic effects of the three institutional settings in its life sciences sectoral research system, which 

can be ascribed to China‘s various reform and opening up policies in its trial-and-error learning process as well 

as the influences of other germane factors. 

5. Conclusion 

The model of an evolutionary SSI with TH being its core subsystem proposed above explicitly incorporates TH 

theory, SI approach and neo-evolutionary thinking. It is a serious attempt to contribute to filling in the theoretical 

gap between TH theory and SI framework that are in effect compatible since both can find their geneses in 

evolutionary economics and both stress interaction and communication among agents that engender knowledge 

and learning processes. It also suggests an extended version of evolutionary theory encompassing evolutionary 

thinking in three dimensions, i.e. temporal, spatial and interaction dimensions along which a specific TH system 

or SI or their elements evolve or co-evolve. Thus, our model serves as a dynamic, extensive and flexible 

analytical framework for analysing the transformation of any UIG trilateral or bilateral relations or the 

interaction between the TH subsystem and other elements within a given SSI or, mutatis mutandis, SI at other 

levels such as NSI and RSI. 

The usefulness of our model as a holistic analytical framework is proved in the subsequent case study of the 

evolution of UIG relations and institutions in the Chinese life sciences SSI. China has been shifting from a 

planned economic system to a market-based one since the implementation of reform and opening up policy in 

the early 1980s. Reforms have led to progress in institutional adjustments and opening up has provided 

opportunities for China to benefit from globalization. Four phases of the evolution of UIG relations shaped by 

institutional changes in the Chinese NSI and programmatic incentives related to life sciences innovation in the 

recent history reflect China‘s persistent experiments with new ways of advancing the economy. 

Although China has exhibited exponential growth in terms of number of publications in life sciences, the TH 

indicator reveals that both domestic and international UIG collaboration in life sciences research have not 

achieved satisfactory synergistic effects among the three spheres. The Chinese UIG networked research relations 

has experienced fluctuations since 1990s which can be ascribed to China‘s various reform and opening up 

initiatives in its imperfect learning process as well as the impacts of other relevant factors. 

The implication is that in order to strengthen UIG synergistic effects China requires more effective policies in 

terms of both domestic integration and international collaboration through continuous improvement of current 

policies and promulgation of new incentive programmes, e.g. optimisation of the mechanism of R&D 

expenditure allocation among the three spheres so as to address the widening gap in research capabilities 

between the three helices and encourage inter-sector collaboration. 

The potential of our model as an analytical framework is yet to be demonstrated in more empirical studies on SI 

at various levels or differences or similarities between sectors, regions or countries by focusing on certain 

elements or aspects. For instance, one can also examine how the interaction with complementary actors affects 

the TH subsystem; along the temporal dimension one can also investigate the evolution or co-evolution of 
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technology, organizational structure etc.; along the spatial dimension one can study the internationalization of 

manufacturing, finance, trade, etc. too; and along the interaction dimension one can examine development, 

production, marketing, etc. in the innovation process as well. 

Appendix A. Phases of the evolution of institutions shaping UIG relations in the Chinese NSI 

Phase  Activity Feature 

 

 

 

 

 

 

 

 

 

 

 

 

 

I (1985– 

1991) 

 

 

 

 

1985 

Enactment of The Resolution on the Structural 

Reform of the S&T System by CCPCC on March 

13th 

Departure from the Soviet planned model of system of innovation 

and S&T policy's orientation towards academia-industry linkage 

model 

The Patent Law came into effect on April 1st Firms‘ R&D activities and the technology transfer from 

universities and PRIs to industry spurred 

Introduction of postdoctoral research system Cultivation of high-level talent for academia, industry and 

government 

Establishment of Northeastern University S&T Park 

in Shenyang. 

China‘s first university science park 

CCPCC promulgates the Resolution on the 

Structural Reform of the Educational System 

HEIs were encouraged to co-operate with enterprises in joint 

training programme and combine teaching, R&D and production 

activities. 

 

1986 

The launch of High-tech Research and Development 

Programme (863 Programme) 

Government provide guidance, PRIs and universities undertake 

high-tech R&D and firms with R&D capacities participate in the 

programme 

 

 

1987 

State Council's decision: Research institutions 

formerly under the government administration were 

encouraged to join LMEs and be accountable for 

their own profits and losses. 

 

The newly attached research institutes were to be paid by 

enterprises for their research and allowed to gain revenues from 

other sources 

Wuhan Eastlake Hi-tech Innovation Center emerged China‘s first business incubator 

1987-198 

8 

 

State Council downsized from 72 to 68 departments 

Changing government‘s role by lessening direct intervention of 

enterprises‘ economic activities and improving administrative 

efficiency 

 

1988 

Government's establishment of the 1st national 

high-tech development zone--the Zhongguancun 

Science Park 

Involving high-tech firms (e.g. Baidu, Inc.), top universities (e.g. 

Tsinghua University and Peking University), PRIs (e.g. CAS and 

CAE) 

Launch of The Torch Programme To stimulate the launch of additional high-tech development 

zones. 

1989-199 

2 

Burgeoning of business incubators, high-tech 

development zones and university science parks 

e.g., 52 high-tech zones had been set up by the end of 1992 under 

the co-operation of governmental agencies, firms and HEIs 

 

1991 

The State Council issues an endorsement of 

university/PRI–run enterprises 

Guidelines for administering university/PRI–run enterprises, 

which further reinforced university/PRI–industry linkage 

Commencement of the 1st 'Seminar on 

Management: A Gathering of Officials, 

Entrepreneurs & Scholars' 

An annual forum for representatives from government, firms and 

academia for strengthening the innovation capabilities of firms. 

 

 

 

 

 

II (1992– 

 

 

 

1992 

 

Deng Xiaoping‘s South Talk 

Furthering reform of NSI and opening up e.g. public-private 

sector co-operation initiatives and open FDI policy accelerated 

market-based economic development. 

Establishment of the first productivity center in 

Shandong with the approval of COSTIND 

Knowledge transfer from academia to SMEs promoted 
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1996) Launch of Plan for Joint Development and 

Engineering Projects between Universities, PRIs and 

Enterprises by SETC, MOE and CAS 

SETC, MOE and CAS together with MOF set up a dedicated 

Office for Joint Projects between Universities, PRIs and 

Enterprises. 

1993 Enactment of Technology Progress Law Describing S&T advancement as one of most important 

components in China‘s economic growth. 

1993-199 

6 

State Council downsized from 68 to 59 departments; 

provincial and local government also downsized 

Specifying powers and responsibilities and encouraging mutual 

coordination among different agencies; further devolution of 

management power to enterprises 

  

1993 

Promulgation of Guidelines for China's Educational 

Reform and Development by the CCPCC and State 

Council 

HEI were to broaden disciplinary settings, emphasise practices 

and trainings, develop joint educational programme with 

enterprises and institutions, and bind teaching, R&D and 

production together. 

 

 

1994 

Promulgation of Opinions of State Education 

Commission, State Science and Technology 

Commission and State Commission for 

Restructuring the Economic System on 

University-Run S&T Enterprises 

 

Further promoting the commercialization of research results and 

improving the performance of university-affiliated enterprises. 

 

 

 

 

 

 

 

1995 

Announcement of the State Development through 

Promoting Science, Technology and Education by 

Jiang Zemin 

This pointed to the strategic role of Science, Technology and 

Education in enhancing national innovation capacity and further 

accelerated NSI reforms. 

 

Issue of Ninth Five-year Plan of Domestic Economy 

and Social Development by the government 

Accelerating reforms; establishing mechanism integrating R&D, 

manufacture and marketing; optimising organizational structures 

of PRIs (e.g. conversion into firms); encouraging alliances and 

mergers between PRIs, universities and enterprises. 

 

 

Launch of Project 211 by MOE, MOF, and SDPC. 

Promoting socio-economic development through higher 

education, implying capitalising universities‘ research results and 

stimulating university-industry collaboration in talent cultivation; 

the biggest project ever related to universities in terms of 

expenditure (US$1.57 billion) 

 

Thriving of Internet in China 

A powerful impetus to the modernisation and enhanced UIG 

partnership due to better information sharing and more efficient 

communication. 

 

 

1996 

Approval to the Law of Promoting Technology 

Transfer by Standing committee of National 

People‘s Congress 

Regulating academia‘s technology transfer; reduction of 

government funding to PRIs to push them to capitalise knowledge 

or be converted into technology firms. 

State Education Commission founded the Nationa

l Association of Industry-University Co-operative

 Education 

 

To cultivate talents who can meet the demand of industry and 

society 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1997 

 

 

 

 

 

 

 

 

 

CAS submitted the Report on Meeting the Age of 

Knowledge Economy and Establishing the National 

System of Innovation 

The first systematic proposal for NSI construction; boosting 

national innovative capacity by emphasising the role of 

knowledge and applying systems thinking; implying the 

significance of UIG 

co-operation. 

Issue of Notice on Industry-University Co-operative 

Education Pilot Programme by State Education 

Commission 

 

 

Industry-university co-operative education has been included in 

the overall plan of national educational reform. 

 

 

1998 

The MOST and MFTEC sponsored an international 

symposium for technology transfer laws and 

regulations. 

it regulated the technology transfer activities of both public and 

private research institutions 
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III 

(1997– 

2005) 

Establishment of Plan of Education Promotion in the 

21st Century by MOE 

HEIs should strengthen their linkage with industry through 

alliances or collaboration in various forms. MOE set up a funding 

agency for university-run start-ups and high-tech industrial 

groups. 

1998-200 

3 

State Council downsized from 59 to 52 departments Promoting rapid and healthy economic development 

 

 

 

1999 

CCPCC and State Council promulgated Decisions 

on Technology Innovation, Development of 

High-tech, and Industrialization 

To further accelerate the commercialization of S&T results 

produced by universities, PRIs and firms and promote the 

development of high-tech industries. 

The first batch of 242 PRIs affiliated to the former 

State Committee for Economy and Trade initiated 

their conversion. 

40 were converted into technology firms under the regulation of 

local governments, 29 into LMEs owned by the central 

government, 18 into intermediary agencies, 131 merged with 

firms and 24 with universities. 

 

 

 

2000 

In order to implement ―Decisions on Technology 

Innovation, Development of High-tech, and 

Industrialization‖, MOE provided HEIs with Three 

Guidelines 

HEIs sought to be the innovation bases of the nation through 

HEI-firm concurrent jobs, on-the-job training, establishment of 

intermediary agencies or joint R&D centers with firms; 

university-run firms adopted modern management system 

Reform of PRIs by 11 departments such as Ministry 

of Construction, Ministry of Railways and Ministry 

of Communications 

Another batch of 134 research institutes affiliated to 11 

departments were converted into enterprises. 

Science Parks and high-tech development zones 

have gained more attention as a key component of 

China‘s NSI. 

By the end of 2000, the number of National high and new 

technology industry development zone and university science 

parks reached to 53 and 40 respectively. 

 

2001 

The government began to examine the efficiency of 

HEIs and PRIs-affiliated enterprises. 

Since then, a ‗‗de-linking‘‘ of HEIs and PRIs from their affiliated 

enterprises has been underway (Xiwei and Xiangdong 2007). 

 

WTO entry 

Chinese NSI was to internationalise its innovative endeavours 

and exploit global knowledge capital and innovation resources 

under more intensified competition and co-operation with foreign 

counterparts. 

 

2002 

 

The Small and Medium-sized  Enterprises 

Promotion Law came into force 

Government is to promote the establishment of incubators, 

technical services organizations and productive centers; 

universities and PRIs are to facilitate innovation in SMEs through 

technology transfer, technical services and consultancy. 

 

2003 

By the end of 2003, 1149 formerly government-o

wned research institutes had implemented conver

sion. 

They were transformed into technology firms but maintained 

relations with former PRI collaborators, forming a natural linkage 

between firms and PRIs 

The central government began to transform public 

benefit-oriented institutes 

Some public benefit-oriented institutes that provided public 

goods were transformed into NGOs with a larger government 

budget. 
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IV (2006

-) 

 

 

2006 

Hu Jintao's Declaration of China‘s S&T 

development goals for the following 15 years in the 

National S&T Convention on January 1st: ‗To build 

an innovation-oriented country by 2020‘ 

Promoting independent innovation. R&D expenditures in 

universities are most significantly increased (e.g. 27.6% growth 

in 2010 over 2009) which has enhanced universities‘ dominant 

position in basic research and decreased relative proportion of 

research conducted by PRIs and firms 

 

2007 

CIUR--an NGO that promotes the co-operation a

nd alliances among governmental agencies, HEIs,

 PRIs, financial institutions, intermediary organiz

ations--was established. 

It organizes an annual Forum for Industry-University-Research 

Institute Collaboration and confers CIUR Promotion Award to 

individuals and organizations that have contributed to the cause. 

 

2008 

Promulgation ‗Guiding Opinions on Promoting the 

Establishment of Industrial Technology Innovation 

Strategic Alliances‘ by MOST, MOT, MOE, 

SASAC, ACFTU, and CDB 

 

New experiences from exploring NSI models that involve HEIs, 

PRIs and industrial firms. 

Source: MOST (http://www.most.gov.cn/), MOE (http://www.moe.edu.cn/) and various secondary materials 

Notes: ACFTU All-China Federation of Trade Unions CAS Chinese Academy of Sciences 

CCPCC China Communist Party Central Committee CDB China Development Bank 

CIUR China Industry-University-Research Institute Collaboration Association 

COSTIND Commission of Science, Technology and Industry for National Defense HEI higher education 

institution 

LME large and medium-sized enterprises 

MFTEC Ministry of Foreign Trade and Economic Co-operation MOC Ministry of Construction 

MOF Ministry of Finance 

MOST Ministries of Science and Technology MOT Ministry of Treasure 

PRI public research institute 

SASAC State-owned Assets Supervision and Administration Commission of State Council SCRES State 

Commission for Restructuring the Economic System 

SDPC State Development Planning Commission SETC State Economic and Trade Commission SME small 

and medium-sized enterprise 

 

  

http://www.most.gov.cn/
http://www.moe.edu.cn/
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Source: compiled based on MOST sources, http://www.most.gov.cn/ 

http://www.most.gov.cn/
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Abstract: In the post-crisis era, most countries including China have recently been fostering emerging 

industries, in hopes of seizing commanding heights in the new round of global technological and 

economic competition. Since 2010 each province of China has introduced developing policies about 

strategic emerging industry (Short for SEIs). The paper focuses on the preference of SEI policy 

instruments utilizing in each province of China. The paper took 411 policies texts of the 31 provinces 

in China about developing SEI as samples, then coded the key words which appeared in the sample 

policies and carried on frequency statistics. The paper put forward a new quantitative policy analysis 

framework - policy index. It is a method which focuses on the comprehensive assessment and analysis 

on policy structure and content with three dimensions, namely policy integrity, policy intensity and 

policy novelty. We found that 1) the environment-oriented policy is the most popular policy instrument 

in China, then the supply-side policy instrument. There are lacking and deficiencies in the use of 

demand-oriented policy instruments. 2) The application frequency of financial, public enterprise, 

education and Legal & regulatory instruments are much higher than other policy tools. Four tools of 

Demand-side policy, and the taxation tool of Environment-oriented policy are rarely applied. 3）Most 

of the provinces make some novel content when applied the policy instruments based on the evaluation 

of their own development foundation and the resources endowment. 

Key words: Strategic emerging industry; Policy instrument; Policy Index 
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1. Introduction  

In the post-crisis era, most major developed countries and emerging economics have recently been 

developing new state strategies, accelerating the commercialization of scientific and technological 

achievements, and fostering emerging industries that lead the world economy, in hopes of revitalizing 

their own economy, gaining new advantages in the economic development, and seizing commanding 

heights in the new round of global technological and economic competition. In 2010, State Council of 

China have announced the Decision on Accelerating the Fostering and Development of Strategic 

Emerging Industries and pinpointed seven industries as Strategic Emerging Industries(Short for SEIs), 

including energy saving and environmental protection, new generation of information technology, 

biology, high-end equipment manufacturing, new energy, new materials and new-energy automobile. 

The Decision also presented that the output value of SEIs would be nearly at 8℅of GDP and SEIs 

would be the significant important industries in the next five years. For this proposal, there were many 

innovation policies which were to foster the development of SEIs have been set up by local 

governments. 

It is obviously that Strategic emerging industries are knowledge-and-technology-intensive industries 

with low resource consumption, high growth potential and great economic efficiency that are based on 

major technological breakthroughs as well as developing demand and play a leading role in promoting 

overall long-term economic and social development. Therefore, for developing countries, accelerating 

the development of strategic emerging industries will not only effectively alleviate mounting global 

problems in terms of energy, resources, food, environment, climate, and health, but also determine a 

country's role and status in the process of economic globalization. But much is left to be learned about 

how states might formulate the proper innovation policy instrument in order to stimulate or shape the 

emergence and sustainable development of SEI (Eliasson, 2000). However, previously there has been 

no quantitative assessment of innovation policy instruments application for SEIs, let alone on local 

level. The paper seeks to fill in this gap by quantitatively analyzing the preference for innovation 

policy instruments of Chinese local government in SEIs, and to explore the use of new methodology 

called policy index based on content analysis of 411 policy texts. 

This paper absorbed some accomplishments of quantitative analysis on policy texts such as frequency 

statistics, policy database, and put forward a new quantitative policy analysis framework - policy 

index. It is to make value and decision judgment on the whole policy texts content set through three 

dimensions, namely policy integrity, policy intensity and policy novelty. It only focuses on the 

comprehensive assessment and analysis on policy structure and content in policy design, while the 

implementation performance of policy are not taken into account. 

The remainder of the paper is organized as follows: Section 2 reviews briefly the literatures about 

policy instruments. The research design and data collection process will be expatiated in section 3, 

while a new methodology called policy index and the calculation model will also be introduced in 
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section 3. The finding of analysis will be elaborated in section 4. Finally in section 5, we will raise the 

conclusion and give rich discussion including the limitation of the paper. 

2. Literature Review 

Since the 1990s innovation policy has been perceived as a means to act on and improve the 

performance of innovation systems (Lundvall and Borras, 1999). There are long-running debates 

concerning the degree to which it is legitimate for governments to intervene in the economy in 

supporting innovation. Economic rationales for innovation policy rest on two main foundations, 

market and system failures, which in some senses compete and in others are complementary. A 

conventional and general definition of public policy instruments is ―a set of techniques by which 

governmental authorities wield their power in attempting to ensure support and effect (or prevent) 

social change‖ (Vedung, 1998: 21). Generally speaking, there are three large categories of instruments 

used in public policy: (1) regulatory instruments, (2) economic and financial instruments, and (3) soft 

instruments. This three-fold typology of policy instruments is what has popularly been identified as 

the ―sticks‖, the ―carrots‖ and the ―sermons‖ of public policy instruments (Bemelmans et.al, 

2003).alternative classifications of policy instruments (Linder &Peters, 1998; Hood & Margetts, 2007). 

However, the three-fold division used here remains the most accepted in the literature on instruments, 

and continues to be the most widely used in practical contexts (Bruijn, Hufen, 1998; Salamon, 2002). 

While a useful lens to explore innovation policy is to distinguish between supply-side and 

demand-side instruments (Edler & Georghiou , 2007), see Fig 1. 

 

Fig 1.Taxonomy of innovation policy instruments (Edler & Georghiou , 2007) 

Research on the effects of prevailing supply-side instruments has shown mixed results with respect to 

desired outcomes of job growth and stimulating local economic development. Existing research on the 

municipal role in stimulating innovation has primarily focused on supply-side policy instruments such 

as tax breaks, grants and technology parks creation(e.g., Edler and Georghiou, 2007;Tamasy, 
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2007;Neck et al. ,2004;Tankersley,2013) . 

However, Aho et al (2006) argued that an R&D-driven strategy was insufficient and advocated instead 

a four pronged approach focused on the creation of innovation-friendly markets, strengthening R&D 

resources, increasing structural mobility, and fostering a culture which celebrates innovation. To 

create such a market they recommended actions on harmonized regulation, ambitious use of standards, 

a competitive intellectual property rights regime and driving demand through public procurement. 

Edler & Georghiou (2007) defined demand-side innovation policies are as all public measures to 

induce innovations and/or speed up diffusion of innovations through increasing the demand for 

innovations, defining new functional requirement for products and services or better articulating 

demand. So the demand-side policies can be presented in four main groupings, systemic policies, 

regulation, public procurement and stimulation of private demand. Demand-side innovation policies 

also rest strongly on the use of regulation and standards and more broadly on the concept of promoting 

lead markets (Blind et al., 2004; Edler, 2007; Georghiou, 2007). 

In specific sector, the set of policy instruments aiming at increasing the share of renewable energy 

carriers in power generation can be divided into legislative instruments implemented by governmental 

authorities and non-legislative instruments that can be implemented by any party interested in 

supporting the future market penetration of renewables (Enzensberger et al., 2002). Legislative 

instruments can be further divided into demand and control instruments, often also referred to as 

regulatory instruments, and marked-based or economic instruments (Enquete-Commission, 1994). 

Economic instruments, can be further distinguished into supply-push and demand-pull approaches 

(Loiter and Norberg-Bohm, 1999). Supply-push approaches, finally, can be divided into construction 

incentives and production incentives. The typology can be seen in Fig 2 as follows. 

 

Fig 2. A typology of policy instruments (Enzensberger et al., 2002) 

In this paper, we followed Rothwell and Zegveld (1985)'s classification, the policy instruments are 

divided into three types, that is supplying-oriented, environment-oriented and demand-oriented. The 
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added value of focusing on it is two-fold. Firstly, it allows us to make sense of complexity and to 

navigate in an ocean of different instruments in innovation policy. Secondly, it allows us to define 

some useful criteria for the choice and design of instruments in the formulation phase of innovation 

policy. 

According to Rothwell and Zegveld (1985)'s typology, Supply-oriented policy instruments is to 

provide the financial, manpower and technical assistance, including the establishment of a science and 

technological infrastructure. Demand-oriented policy instruments means that central and local 

government purchases and contracts, notably for innovative products, process and services. 

Environment-oriented policy instruments including taxation policy, patent policy and regulations 

(economic, worker health and safety and environmental), is those measures that establish the legal and 

fiscal framework in which industry operates. The examples and specific tools which are subjected to 

last three types are as follow in table 1. 

Table 1 policy instrument and examples 

Policy instrument  Examples 

supplying-or

iented 

Public enterprise Innovation by publicly owned industries, setting up of new 

industries, pioneering use of new techniques by public 

corporations, participation in private enterprise 

Scientific and technical Research laboratories, support for research associates, learned 

societies, professional associations, research grants 

Education  General education, universities, technical education, 

apprenticeship schemes, continuing and further education, 

retraining 

Information  Information networks and centers, libraries, advisory and 

consultancy services, data bases, liaison services 

environment

-oriented 

Financial  Grants, loans, subsidies, financial sharing arrangements, 

provision for equipment, buildings or services, loan 

guarantees, export credits 

Taxation  Company, personal indirect and payroll taxation, tax 

allowances 

Legal and regulatory Patents, environment and health regulations, inspectorates, 

monopoly regulations 

Political  Planning, regional policies, honors or awards for innovation, 

encouragement of mergers or joint consortia, public 

consultation 

Environmen

t-oriented 

Procurement  Central or local government purchases and contracts, public 

corporations, R&D contracts, prototype purchases 

Public services Purchases, maintenances, supervision and innovation in health 

service. pubic building, construction, transport, 

telecommunications 

Commercial  Trade agreements, tarrifs, currency regulations 

Overseas agent Defense sales organizations 

(Rothwell and Zegveld, 1985: P84) 

3. Research Design 

3.1 Sample Selection 

In this paper we got the sample following the steps below：First, we collected policy documents in 

authoritative retrieval system (PLOC of Wanfang Data) using "emerging strategic industry" and 
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"policy" as keywords. Being the most comprehensive database of this kind in China, "Policies and 

Laws of China (PLOC)"of Wanfang Data provides valuable information on Chinese state laws and 

regulations, provincial and regional laws and regulations, policies from state ministries, administrative 

policies, international treaties and conventions etc. The database holds over 761,801 records covering 

a comprehensive range of Chinese policies, regulations and laws of both national and regional levels 

from 1949 onward. 

Secondly, we gathered relevant policy documents from the provincial and municipal government 

official website, primarily the Twelfth Five-Year Planning and specific policies for SEIs. To ensure the 

reliability of the sample, we carefully read the policy texts and discussed with relevant experts, then 

excluded the documents have nothing to do with SEIs. Finally we got 411 relevant policy documents 

of 31 provinces. 

3.2 Samples Coding and Policy Database Construction 

Following Rothwell and Zegveld (1985)'s typology, policy instruments are divided into three 

categories: Supply-orient, Demand-orient and Environment-orient. To ensure the reliability and 

validity of content analysis, firstly, based on three categories of instruments a keywords lexicon which 

is composed of 108 words was established, afterwards sent it to seven experts in related fields to 

discuss with them. Based on the expert advices, the divergent keywords were eliminated, at last the 81 

keywords were determined for coding. There were 14 keywords of supply policy tools, 25 keywords 

of demand policy tools and 42 keywords of environment policy tools. Then frequency statistics on 

policy text was taken based on the keyword lexicon. Finally, the keywords encoding score of the same 

category of tools was added up, obtaining the frequency of utilization of three categories of policy 

tools for each province, hereafter the policy index was calculated. 

3.3 Policy Index and calculating model 

Policy Index is an attempt of quantitative analysis of policy texts aimed at comprehensively evaluating 

the regional policy instruments system of SEIs. It can do longitudinal comparative study of policy 

index of a certain area in time series, and also can do transverse comparative study of policy system of 

different regions at a certain period. General Policy Index can be synthesized by a number of 

sub-indices; in this study, we focused on policy novelty. Policy intensity and policy integrity. 

Set policy set be W, W={provincial policies}, corresponds to the basic policy database shown in Table 

1, set collection of provinces be X, xi∈X, i=1,2,……,31, set of policy instruments be Y, yj∈Y, 

j=1,2,3,respectively representing supply-orient, demand-orient and environmental-orient, three 

categories of policy instruments. Each category of policy instruments has four sub-tools, set the 

frequency of use set of k-the policy sub-tool of j-class policy instruments be Z, zi, j, k∈Z, k=1,2,3,4, 

policy content set of k-th policy sub-tool of j-class policy instruments be W, Wi, j, k, l∈A, 

l=1,2,……,m. 

Set the sub-index of policy tools integrity be P, then the integrity of policy sub-index is Pi, j: 
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Pi,j =
∑  i,j,k
4
k=1

4
 

 i,j,k = {
 , su tool k of j poli y instruments never  een never used in region i  

1, su tool k of j poli y instruments h s  een used in region i 
 

Set the average intensity of sub-index policy be S, then the average intensity of policy sub-index is Si,  

 i,j =∑
zi,j,k

4 ×  k ×∑ zi,j,k
4
k=1

4

k=1

 ,  k = m x
zi,j,k

∑ zi,j,k
4
k=1i=1

31

 

Set the novelty of sub-index policy be C, then the novelty of policy sub-index is Ci, j: 

 i,j =
∑  (wi,j,k,l)
m
l=1

∑ zi,j,k
4
k=1

 

Where: 

 (wi,j,k,l)

= {
 , there  re not  nd only th t initi tives l w s proposed in su tool k of j poli y instruments in region i
1, there  re  nd only th t initi tives l w s proposed in su tool k of j poli y instruments in region i

 

Set policy tools index of region i be xi, then 

xi =∑
(pi,j + si,j +  i,j)

3

3

j=1

 

3.4 Descriptive Statistics 

Descriptive statistical analysis of samples is as shown below in table 1, in 31 provinces the frequency 

of twelve kinds of policy tools utilization is total of 1514 times, averagely 48.8 times each province. 

Environmental-orient instruments are the most commonly used instruments, used 703 times, 

accounting for 46%,nearly half; The second is Supply-orient instruments, they are used 614 times, 

accounting for 41%; Demand-orient instruments are the least used, only 197 times, accounting for 

13%. 

Table 1 Descriptive Statistics of three categories instruments 

 N Minimum Maximum Sum Mean Std. Deviation 

Sum 31 17 141 1514 48.84 24.184 

Sum supply 31 1 36 405 13.06 8.099 

Sum demand 31 0 18 197 6.35 4.957 

Sum environment 31 3 75 703 22.68 13.843 

Valid N (listwise) 31      

 

In terms of specific tools application (see table 2), there are four policy tools is most frequently used, 

they all are used more than 200 times respectively which is far ahead of other tools. They are financial 

tool which is subject to environmental-orient instruments(280 times, average use of more than 9 times 

in each province), the second is education tool in Supply-orient instruments (223 times, average use of 

more than 7 times in each province), public enterprise tool in Supply-orient instruments (210 times, 

average use of 6.7 times in each province) and political tool in environmental category (205 times, 
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average use of 6.6 times in each province) are ranked the third and the fourth. 

Three least used policy tools are all in Demand-orient instruments. They are commercial tool (11 times, 

average use of 0.35 times in each province), procurement tool (36 times, average use of 1.16 times in 

each province) and public services tool (69 times, average use of 2.23 times in each province). The 

most used tool in Demand-orient instruments is overseas agents, only 81 times. 

Although Environment-orient instruments and Supply-orient instruments are more frequently used, it 

is still unbalanced in the specific tools selection. For example, the least used tool in 

Environment-orient instruments is taxation tool, only 72 times, average use of 2.32 times in each 

province; information is the least used tool in Supply-orient instruments, 77 times, average use of 2.48 

times in each province. 

Table 2 Descriptive Statistics of specific tools 

 N Minimum Maximum Sum Mean Std. Deviation 

Public enterprise 31 1 16 210 6.77 3.364 

Sci & tech 31 0 20 104 3.35 4.054 

education 31 0 20 223 7.19 4.820 

information 31 0 8 77 2.48 2.502 

procurement 31 0 6 36 1.16 1.416 

Public services 31 0 11 69 2.23 2.997 

commercial 31 0 5 11 .35 .985 

Overseas agent 31 0 8 81 2.61 2.667 

financial 31 1 22 280 9.03 5.845 

taxation 31 0 10 72 2.32 2.737 

legal 31 0 24 146 4.71 4.591 

political 31 1 22 205 6.61 4.544 

Valid N (listwise) 31      

   

4. Conclusions 

4.1 Integrity Description 

The mean of policy integrity is 76.3% (see Appendix Table 1). The indices of policy integrity of 

supply-orient environment-orient and demand-orient policy instruments are respectively 90.3%, 86.3% 

and 52.4%. It can be seen that the integrities of Supply and Environment instruments are close to 1, 

which means most provinces have opted for these two categories of policy instruments. In contrast, 

there are much fewer provinces utilized the Demand-orient instruments, 52.4%, just over 50%. In fact, 

except for Tibet (it did not use the Demand-orient policy instruments at all), the other 30 provinces 

almost all use the three categories of policy instruments. 

In the selection of specific policy tools, most provinces have utilized all four policy tools in 

Supply-orient and Environment-orient instruments, only few provinces (such as Hubei and Hainan) 

chose all four tools of demands-orient instruments(integrity coefficient is close to 1), as shown in the 
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Appendix Table 1. Specifically, for the policy tools of Supply-orient instruments, all 31 provinces have 

opted for public enterprise policy tool; except for Chongqing, other 30 provinces have opted for 

education policy tool; except for Qinghai, Tibet, Yunnan and Hunan these four provinces, other 27 

provinces have opted for Sci &Tech policy tool; except for eight provinces such as Shandong, other 23 

provinces have opted for information policy tool. 

For the Environment-orient instruments policy tools, all 31 provinces have opted for financial and 

political tools. Except for Qinghai, Xinjiang and other three provinces, 26 provinces have opted for 

legal policy tool; interestingly, taxation policy tool has not been fully considered, there are 12 

provinces (40% of all provinces) did not take it into account, only 19 provinces did. 

It is that the Demand-orient instruments are greatly underestimated and ignored. Only Hubei and 

Hainan two provinces have chosen all four policy tools. Respectively, the numbers of provinces which 

did not use procurement, public services and overseas agent policy tool are 9, 11 and 12, accounting 

for 30%-40% of all provinces. The most overlooked policy tool is commercial tool, only Guangdong, 

Zhejiang and other four provinces adopt commercial tool, which means 25 provinces have completely 

ignored the existence of the commercial policy tool. 

Integrity index is calculated on the basis of the above data, the results are shown in Appendix Table 1: 

Hubei Province has the highest integrity index, reaching 100%, which means Hubei has used all 

twelve policy tools. Followed by Zhejiang, Shanghai and other four provinces which have an integrity 

index of 91.7%. Through in-depth analysis we found that except for a certain policy tool in 

Demand-orient instruments (especially the commercial policy tool) these provinces have used 11 

policy tools. Tibet and Inner Mongolia have the lowest integrity index, only 50%; followed by 

Xinjiang and Jiangxi, only 58.3%. The results show that even the provinces that have the most 

imperfect integrity index of using policy tools have used at least 6-7 kinds of policy tools. 

4.2 Intensity Description 

Integrity index is about the issue of ―select or no select‖ a policy tool, while intensity index is about 

the issue of ―more or less‖. Essentially, analysis of policy intensity is frequency analysis rather than 

content analysis of policy texts. Determining intensity index is based on the assumption that if the 

same policy tool is repeatedly applied (or emphasized) in the same kind of policy texts, the intensity of 

the policy tool is relatively large. 

See the score of overall intensity index, the average is 37.1% (see Appendix Table 2). Chongqing and 

Guangdong top the first two with 44.4% and 41.2%, followed by Henan, Jilin and Zhejiang with 

39.7%, 39.5% and 39.1%. Lowest score in Tibet, 28.4%, followed by Yunnan, Inner Mongolia and 

Sichuan with 34.5%, 34.9% and 34.9%, all lower than 35%. 

The average of policy intensity index of three categories of policy instruments are 42.6%, 44% and 

24.8% respectively corresponding to Supply-orient, Environment-orient and Demand-orient 

instruments. The policy intensity of Demand-orient instruments policy instruments is much smaller 

than the first two. 
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Chongqing and Jilin have the highest scores of intensity index of Supply-orient policy instruments 

with 51.5% and 50.1%, the lowest are Yunnan and Shanxi with 34.8% and 36.6%. From specific tool 

perspective, public enterprise tool has the largest intensity, the mean is 58.3%, followed by education 

47.2%, Sci & Tech 32.5% and information 32.2%. There were 4 provinces do not apply Sci & Tech 

tool and 7 provinces do not apply information tool, therefore the intensity of these two policy tools is 

zero, which pulls down the average level. 

Chongqing and Guangdong have the highest scores of intensity index of Environment-orient policy 

instruments with 50.2% and 49.4%, the lowest are Xinjiang and Inner Mongolia both 38.6%. From 

specific tool perspective, financial tool has the highest average score of intensity 64.3%, indicating 

that this policy tool has a high frequency of application and is the preference of policy makers. After 

financial tool are political 46.9%, legal 39.2% and taxation 25.7%. 

The score gap of intensity index among the Demand-orient policy instruments is not significant 

enough. The highest is Guangdong 33.3% and the lowest 25%. It is because many provinces have not 

chosen Demand-orient instruments policy instruments, causing a lot of scoring zero. By analyzing the 

use of specific policy tools, the mean score of overseas agent tool is 37% which is the most important 

policy tool, followed by public services 33.9%.Procurement tool is relatively few applied with 20.9%. 

The most overlooked policy tool is commercial, only 7.5%. 

4.3 Novelty Description 

Novelty issue is about whether the policy is identical or unique. If a keyword (or synonymous 

keywords) belong to a certain policy tool only appears in the policy text of a certain province, then this 

policy is considered to be innovative. 

The average score of novelty index is 5.8%. The Supply-orient policy instruments have a relatively 

high degree of innovation (6.9%), followed by Environment-orient policy instruments (5.6%). The 

score of novelty index of Demand-orient policy instruments is the lowest, 5.1%.This is probably 

because of the less application of Demand-orient policy instruments, which means innovative policy 

content is less.  

5. Conclusion and Discussion 

The research followed the order of selecting samples，establishing the analytical framework，defining 

the analytical unit，carrying out frequency statistics and reaching conclusions. Firstly, we took 411 

policies texts of the 31 provinces in China about developing SEI in 2009-2012 as samples; Second, 

following Rothwell and Zegveld (1985)'s typology, the policy instruments are divided into three types, 

that is supplying-oriented, environment-based and demand-oriented; third, coded the key words which 

appear in the sample policies and carrying on frequency statistics. Last, in order to conclude and 

horizontally compare the preference of policy instruments choosing, we introduce the policy index to 

analyze the policy instrument application with three dimensions: policy integrity, policy intensity and 

policy novelty. Then we got some meaningful conclusion as follows: 
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1. The environment-oriented policy is the most popular policy instrument in China, then the 

supply-side policy instrument. While the demand-oriented policy instrument is always neglected. We 

think to a great extent it is because the policy maker did not realize the importance of demand-side 

policy for the development of SEIs, and also were lack of the experience of design and applying this 

type of policy instruments.  

2. From the perspective of the application of specific policy instrument, we may find that the 

application frequency of financial, public enterprise, education and Legal & regulatory instruments are 

much higher than other instruments. In fact, all four tools of Supply-side policy are more frequently 

used. So are the tools of Environment-oriented policy except for the taxation instrument. Four 

instruments of Demand-side policy are rarely applied. The oversea agent instrument, ranking the 

highest marks (37%) in policy intensity index of the other four tools, but it is still lower than the 

average (37.1%). The commercial instrument, ranking the least of the four, the policy intensity index 

is just 7.5%. There are 21 province never introducing the demand-side policy. So it is important to 

apply the demand-oriented policy instrument in the future. 

3.Tian Man(2012) said the contents of SEIs are duplicate among different regions of China, But 

through the policy novelty index we find only three provinces(Heilongjiang, Anhui, Inner 

Mongolia)did not design any policy that is completely different from other provinces(Policy novelty 

index is Zero). The other provinces all made some novel content when applied the policy instruments 

based on the evaluation of their own development foundation and the resources endowment. Because 

we find that besides some developed provinces such as Beijing（17.7%），Guangdong（15.9%），

Zhejiang（14.5%）, some under-developed provinces such as Ningxia（10.9%）,Xinjiang（9.1%）

and Tibet（9.1%）also get higher marks on policy novelty index。 

There has been no quantitative assessment of innovation policy instruments application for SEIs, let 

alone on local level. The paper filled in this gap by quantitatively analyzing the preference for 

innovation policy instruments of Chinese local government in SEIs. The contribution of the paper is in 

three ways. Firstly, the growth of Strategic Emerging Industries are under infant stage so far but their 

importance is skyrocketing nation-wide. At the same time there are no quantitatively assessed the 

innovation policy instruments of SEIs in 31 provinces of China. The conclusion would offer the 

theoretical guide for the formulation of thirteenth-five year planning of SEIs both on local and state 

level. 

Secondly, the methodology-wise, the paper developed a new method, policy index. Then it is possible 

to evaluate and horizontally compare the policy instruments applications in different regions. it is also 

can be vertically compare the policy instruments applications in chronological sequence in the same 

region. So the herein study provided a model and a benchmark for similar analyses, thus enabling to 

specify the severity of the problems quantitatively, which in turn allows to make policy decisions in 

due time. 

Last but not least, this research is concerned with public policy instruments which may help to 
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accelerate the development of Chinese Strategic Emerging Industries. We hope the conclusion of the 

paper will make the Chinese local government and policy makers to extend current understanding 

regarding the potential role for demand-side policy in stimulating local SEIs. Aside from the 

contribution to theory extension, the results of this research generate insights for local government 

policy makers and for practitioners in SEIs.  

Demand is a major potential source of innovation yet the critical role of demand as a key driver of 

innovation has still to be recognized in government policy (Nelson, 1982; Lundvall, 1988, 1992). 

Public demand, when oriented towards innovative solutions and products, has the potential to improve 

delivery of public policy and services, often generating improved innovative dynamics and benefits 

from the associated spillovers. Nonetheless, public services and commercial policy instruments as an 

innovation policy have been neglected or downplayed for many years. Finland has set a very good 

example for emerging economics. Finland‘s Presidency (2006) focused on ―horizontal‖ measures to 

stimulate demand for innovation such as regulation, standards and IPR but also raised the possibility 

of using public procurement for innovation related purposes. 

By such a comparison between the preference of policy instruments utilizing among different regions 

of China, we may arrive at a richer understanding of different types of policies in terms of their impact, 

applicability and limits, but we have no ambition to draw normative conclusions with regard to 

whether specific policy instruments should be used or not. That depends on, among other things, what 

the goal of a specific environmental policy intervention is in terms of whether innovation is at all 

asked for and, in that case, what type of innovation is wanted. 

There are two limitations about the paper. Firstly, we did not analyze the influence factors and 

mechanism of the preference of policy instruments choosing, namely how and what caused the 

differentia of policy instrument application of local government. Second, we did not analyze the 

relationship between the development performance of SEIs and policy instruments application. Look 

forward to the future research to deal with these two questions. 
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Appendix Table 1 Final Policy Index, Policy integrity and policy novelty index. 

Provinces 
Novelty Index Novelty 

Index 

Integrity Index Integrity 

Index 

Policy 

Index Supply-side Demand-side Environment  Supply-side Demand-side environment 

Zhejiang 3.5% 33.3% 6.7% 14.5% 100.0% 75.0% 100.0% 91.7% 48.4% 

Guangdong 14.3% 33.3% 0.0% 15.9% 100.0% 50.0% 100.0% 83.3% 46.8% 

Beijing 15.0% 20.0% 18.2% 17.7% 100.0% 50.0% 100.0% 83.3% 46.6% 

Hubei 0.0% 0.0% 7.9% 2.6% 100.0% 100.0% 100.0% 100.0% 46.2% 

Hainan 20.0% 7.1% 3.7% 10.3% 100.0% 100.0% 75.0% 91.7% 46.1% 

Henan 6.3% 0.0% 10.0% 5.4% 100.0% 75.0% 100.0% 91.7% 45.6% 

Guizhou 0.0% 5.9% 7.1% 4.3% 100.0% 75.0% 100.0% 91.7% 44.4% 

Ningxia 13.0% 16.7% 3.0% 10.9% 100.0% 50.0% 100.0% 83.3% 44.0% 

Shanghai 0.0% 0.0% 4.2% 1.4% 100.0% 75.0% 100.0% 91.7% 43.7% 

Fujian 4.3% 0.0% 2.6% 2.3% 100.0% 75.0% 100.0% 91.7% 43.5% 

Chongqing 10.0% 11.1% 9.5% 10.2% 75.0% 50.0% 100.0% 75.0% 43.2% 

Tianjin 7.4% 0.0% 9.5% 5.6% 100.0% 75.0% 75.0% 83.3% 42.4% 

Guangxi 17.6% 0.0% 0.0% 5.9% 100.0% 50.0% 100.0% 83.3% 41.8% 

Hebei 0.0% 0.0% 8.3% 2.8% 100.0% 50.0% 100.0% 83.3% 41.3% 

Shaanxi 0.0% 11.1% 0.0% 3.7% 75.0% 75.0% 100.0% 83.3% 40.9% 

Hunan 0.0% 0.0% 25.0% 8.3% 75.0% 50.0% 100.0% 75.0% 40.3% 

Gansu 9.7% 0.0% 0.0% 3.2% 100.0% 25.0% 100.0% 75.0% 38.5% 

Jiangsu 0.0% 9.1% 0.0% 3.0% 100.0% 50.0% 75.0% 75.0% 38.1% 

Shandong 9.1% 0.0% 16.7% 8.6% 75.0% 25.0% 100.0% 66.7% 37.9% 

Shanxi 0.0% 0.0% 6.3% 2.1% 75.0% 75.0% 75.0% 75.0% 37.9% 
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Heilongjiang 0.0% 0.0% 0.0% 0.0% 100.0% 25.0% 100.0% 75.0% 37.8% 

Yunnan 25.0% 0.0% 0.0% 8.3% 50.0% 75.0% 75.0% 66.7% 36.5% 

Jilin 5.0% 0.0% 0.0% 1.7% 100.0% 25.0% 75.0% 66.7% 36.0% 

Sichuan 0.0% 11.1% 5.6% 5.6% 75.0% 50.0% 75.0% 66.7% 35.7% 

Qinghai 0.0% 0.0% 7.1% 2.4% 75.0% 50.0% 75.0% 66.7% 35.2% 

Xinjiang 16.1% 0.0% 11.1% 9.1% 100.0% 25.0% 50.0% 58.3% 34.7% 

Anhui 0.0% 0.0% 0.0% 0.0% 100.0% 50.0% 50.0% 66.7% 34.5% 

Liaoning 4.5% 0.0% 0.0% 1.5% 100.0% 25.0% 75.0% 66.7% 34.4% 

Jiangxi 0.0% 0.0% 11.1% 3.7% 75.0% 25.0% 75.0% 58.3% 32.8% 

Tibet 27.3% 0.0% 0.0% 9.1% 75.0% 0.0% 75.0% 50.0% 29.2% 

Inner Mongolia 0.0% 0.0% 0.0% 0.0% 75.0% 25.0% 50.0% 50.0% 28.3% 
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Appendix Table 2 Policy Intensity Index 

Province

s 

Supply-side 

Suppl

y-side 

Demand-side 

Dema

nd-si

de 

Environment 

Envi

ronm

ent 

Inten

sity 

Index 

Public 

enterpri

se 

Scientif

ic and 

technic

al 

Educati

on  

Informa

tion  

Procur

ement  

Public 

services 

Comme

rcial  

Oversea

s agent 

Financ

ial  

Taxatio

n  

Legal 

and 

regul

atory 

Politic

al  

Chongqin

g 
47.2% 100.0% 0.0% 57.1% 51.1% 0.0% 0.0% 83.3% 44.4% 31.9% 39.0% 100.0% 19.0% 42.8% 50.2% 44.4% 

Guangdon

g 
37.4% 28.6% 69.8% 27.2% 40.8% 33.3% 0.0% 100.0% 0.0% 33.3% 23.4% 56.2% 85.7% 32.1% 49.4% 41.2% 

Henan 49.1% 37.5% 33.3% 71.4% 47.8% 28.6% 57.1% 0.0% 14.3% 25.0% 32.7% 39.4% 60.0% 52.5% 46.1% 39.7% 

Jilin 47.2% 20.0% 33.3% 100.0% 50.1% 0.0% 0.0% 0.0% 100.0% 25.0% 87.3% 0.0% 66.7% 20.0% 43.5% 39.5% 

Zhejiang 24.8% 70.2% 46.8% 40.1% 45.5% 66.7% 22.2% 16.7% 0.0% 26.4% 45.8% 28.0% 64.0% 44.0% 45.5% 39.1% 

Beijing 47.2% 30.0% 40.0% 71.4% 47.1% 20.0% 0.0% 0.0% 80.0% 25.0% 44.6% 23.9% 54.5% 54.5% 44.4% 38.8% 

Shandong 100.1% 54.5% 12.1% 0.0% 41.7% 0.0% 0.0% 0.0% 100.0% 25.0% 72.7% 72.9% 33.3% 16.7% 48.9% 38.5% 

Heilongjia

ng 
88.1% 24.0% 10.7% 68.6% 47.8% 0.0% 100.0% 0.0% 0.0% 25.0% 98.2% 17.5% 13.3% 40.0% 42.3% 38.4% 

Shanghai 44.9% 57.1% 38.1% 40.8% 45.2% 12.5% 43.8% 0.0% 43.8% 25.0% 75.0% 32.8% 25.0% 43.7% 44.1% 38.1% 

Tianjin 40.8% 7.4% 54.3% 84.7% 46.8% 28.6% 14.3% 0.0% 57.1% 25.0% 70.1% 0.0% 57.1% 42.8% 42.5% 38.1% 

Ningxia 68.4% 26.1% 52.2% 12.4% 39.8% 16.7% 0.0% 0.0% 83.3% 25.0% 44.6% 79.5% 30.3% 40.9% 48.8% 37.9% 

Hebei 44.2% 62.5% 37.5% 35.7% 45.0% 33.3% 0.0% 0.0% 66.7% 25.0% 100.0% 14.6% 33.3% 25.0% 43.2% 37.7% 

Hunan 85.8% 0.0% 48.5% 26.0% 40.1% 50.0% 50.0% 0.0% 0.0% 25.0% 40.9% 43.7% 66.7% 37.5% 47.2% 37.4% 

Guizhou 63.9% 18.8% 54.2% 26.8% 40.9% 29.4% 64.7% 8.8% 0.0% 25.7% 46.8% 46.9% 28.6% 58.9% 45.3% 37.3% 

Gansu 35.5% 58.1% 51.6% 27.6% 43.2% 0.0% 100.0% 0.0% 0.0% 25.0% 97.0% 29.2% 14.8% 33.3% 43.6% 37.3% 

Anhui 87.4% 22.2% 14.8% 63.5% 47.0% 33.3% 0.0% 0.0% 66.7% 25.0% 65.5% 0.0% 0.0% 90.0% 38.9% 36.9% 

Qinghai 
61.1% 0.0% 66.7% 31.7% 39.9% 25.0% 75.0% 0.0% 0.0% 25.0% 58.5% 0.0% 

100.0

% 
21.4% 45.0% 36.6% 

Xinjiang 81.2% 12.9% 25.8% 64.5% 46.1% 0.0% 100.0% 0.0% 0.0% 25.0% 54.6% 0.0% 0.0% 100.0% 38.6% 36.6% 
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Shanxi 67.4% 85.7% 19.0% 0.0% 43.0% 50.0% 25.0% 0.0% 25.0% 25.0% 81.8% 0.0% 37.5% 46.9% 41.5% 36.5% 

Fujian 68.4% 17.4% 52.2% 24.8% 40.7% 20.0% 20.0% 0.0% 60.0% 25.0% 90.4% 34.5% 10.5% 39.5% 43.7% 36.5% 

Jiangsu 20.5% 87.0% 58.0% 0.0% 41.4% 0.0% 63.6% 0.0% 36.4% 25.0% 81.8% 0.0% 57.1% 32.1% 42.8% 36.4% 

Jiangxi 89.8% 28.6% 38.1% 0.0% 39.1% 100.0% 0.0% 0.0% 0.0% 25.0% 54.6% 58.3% 0.0% 66.6% 44.9% 36.3% 

Guangxi 46.2% 11.8% 70.6% 33.6% 40.6% 50.0% 50.0% 0.0% 0.0% 25.0% 66.7% 19.4% 37.0% 50.0% 43.3% 36.3% 

Hainan 83.9% 13.3% 44.4% 19.0% 40.2% 7.1% 35.7% 10.7% 50.0% 25.9% 90.9% 0.0% 51.9% 27.8% 42.6% 36.2% 

Hubei 40.8% 7.4% 79.0% 31.7% 39.7% 27.3% 9.1% 13.6% 54.5% 26.1% 64.6% 20.7% 21.1% 63.1% 42.4% 36.1% 

Shaanxi 13.1% 33.3% 100.0% 0.0% 36.6% 5.6% 55.6% 0.0% 38.9% 25.0% 67.7% 45.3% 27.6% 41.4% 45.5% 35.7% 

Liaoning 50.0% 9.1% 78.8% 13.0% 37.7% 0.0% 100.0% 0.0% 0.0% 25.0% 61.4% 32.8% 0.0% 75.0% 42.3% 35.0% 

Sichuan 49.7% 31.6% 70.2% 0.0% 37.9% 0.0% 55.6% 0.0% 44.4% 25.0% 54.6% 0.0% 50.0% 62.5% 41.8% 34.9% 

Inner 

Mongolia 
83.9% 53.3% 26.7% 0.0% 41.0% 0.0% 0.0% 0.0% 100.0% 25.0% 54.6% 0.0% 0.0% 100.0% 38.6% 34.9% 

Yunnan 39.3% 0.0% 100.0% 0.0% 34.8% 10.0% 10.0% 0.0% 80.0% 25.0% 54.6% 0.0% 80.0% 40.0% 43.6% 34.5% 

Tibet 100.1% 0.0% 36.4% 26.0% 40.6% 0.0% 0.0% 0.0% 0.0% 0.0% 74.4% 0.0% 90.9% 13.6% 44.7% 28.4% 

 

 

 


