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Abstract

The usefulness of theories that model the influence of academic institutions on innovation has been challenged because it is claimed that it is hard to fit the empirical data on the subject into such models, a difficulty compounded by a relatively sparse empirical literature.  To help to clarify these problems there is a need to expand the empirical base of research in this area. Also, since the claimed lack of empirical fit has been ascribed to the diversity of academic institutions internationally, it could be fruitful to base a study in China, since researching the role of institutions in a society that has had a radically different social and historical development path to Western economies could provide a useful vantage point from which new insights could emerge. Additionally, fresh insights could be produced into the sustainability of China’s economy, since this is partly dependent on the ability of the country to foster indigenous innovation, which in turn has been linked to the role played by academic institutions. 

To address these issues an empirical study, using qualitative and quantitative methods, was carried out in the Zhongguancun (ZGC) Science Park in Beijing based on firms in the information and communication technology sector. The paper suggests that while it is clear that universities have played a central role in the emergence of China’s science and technology system, there is a push to separate university involvement in firms. Therefore, the assumption, often made in the West, that the involvement of universities in firms will optimize the innovative performance of such firms, is not necessarily widely held in the case of China. The paper discusses the reasons for this in the context of the evolving Chinese science and technology system 

Introduction

Analysis of academic-industry links and their impact on technological innovation has been studied largely inside three theoretical frameworks: national systems of innovation (Nelson, 1993), new production of knowledge (‘Mode 2’), (Gibbons et al,1994), and the ‘triple helix’, (Etzkowitz and Leydesdorff, 1997). Although the growing importance of university research for science-related innovation is not in doubt, the usefulness of these theories, particularly in terms of their generalisability across national and institutional spaces has however been challenged. On a purely empirical basis it is claimed that it is hard to fit the empirical data on the subject into such overarching models, a difficulty compounded by a relatively sparse empirical literature (Mowery and Sampat, 2004). However, it is also argued that existing theorising fails to provide a satisfactory explanation of academic-industry relations in developing countries (Eun et al 2005). This is particularly the case for China, a country that has had a radically different social and historical development path to Western economies. To address the issues above an empirical investigation was carried out on the influence of academic institutions on industrial innovation on ICT firms in China’s largest science park, the Zhongguancun high technology park in Beijing, China. The paper first reviews the theoretical framework in which university-industry relations have been studied before focussing on the changing picture of academia-firm links in China. Recent developments in Beijing’s ZGC science park are then considered drawing on both the literature and on an empirical study. The paper concludes with a discussion that brings in policy and competency issues.  

Theorising the role of universities in the knowledge economy 

Research on the role of universities in the innovation systems of industrial economies has underlined the role of universities as important institutional actors in national and regional systems of innovation (Nelson,1993). National systems of higher education have been seen as strategic assets in the ‘knowledge economy’ if they promote links with industry that enhance technology transfer. Strong networks between institutional actors within countries, including academic bodies, have been cited as important for successful innovation, yet at the same time ‘national’ systems of innovation are seen as increasingly interdependent, mirroring a growth in cross-border flows of capital, goods, people and knowledge after 1945. However, it is apparent that different national systems appear to build quite different institutional structures for the knowledge flows that underpin innovation performance (Lam and Lundvall, 2004). Also, the universities that form important parts of these systems of innovation, retain strong ‘national’ characteristics, arising from divergent paths of historical evolution, that lead to significant contrasts in contemporary structure and policy (Mowery and Sampat, 2004). 

In addition to the national systems theory, the influence of academic institutions on industrial innovation has been studied largely inside two other literatures: the new production of knowledge (‘Mode 2’), (Gibbons et al,1994), and the ‘triple helix’, (Etzkowitz and Leydesdorf, 1997). The former, often referred to as ‘Mode 2’, offers a conceptual approach whereby academic research is seen as having a key role in innovation in a ‘post-modern’ industrial society. Mode 2 type of innovation envisages that successful innovation requires increasingly diverse sources of knowledge, where networks of universities, corporate and other institutional actors are the sources of such diversity, in contrast to an earlier period where links between these players were not as important or consequently close. It has even been argued that since many more research actors from diverse communities must interact, fundamental or pure academic research becomes less important and influential, as the old norms are pushed aside. This last assertion has been challenged by some empirical evidence that shows while cross-institutional collaboration may have grown, this has not led to a decline in universities as fundamental research centres (Godin and Gingrass, 2000, Hicks and Hamilton 1999). More broadly, Mode 2 has been accused of containing merely the assertions of a political manifesto, largely devoid of empirical underpinning (Shinn, 2002). 

Another approach linking universities with innovation is the Triple Helix theory (Etzkowitz and Leydesdorff, 2000). This argues that discipline-based departments are converging in new ways, and while maintaining traditional lines of research, are also turning to industrial and intermediary forms of research. Universities are thus generating a variety of mid-wife institutions that link them to economic and social concerns. The university is a privileged site in which discourses come together, merge and give rise to new forms of discourse and action. The Triple Helix model stresses that strong links between universities, industry and the State are important for promoting innovation in knowledge-intensive economies and such connections are growing.

The university has been clearly identified as embodying the decisive element in the cognitive and economic dealings of the Triple Helix. The single macro-entity that embodies the confluence of the three strands of the Helix is thus located in the university. However, it is also claimed that the model is compatible with much smaller changes and co-evolutions inside each of the three strands, involving ‘endless transitions’ at the micro level. This dovetails with the above idea, identifying the changes inside the university strand. The dislocations occurring by the confluence of the three strands is therefore supplanted, it appears, by evolutionary, incremental adjustments within academia, thus significantly diminishing the novelty of the model. Also, the units of analysis in the theory are identified at a high level of abstraction and generalisation, which does not always fit easily with an extensive empirical corpus that addresses concrete institutional and economic changes (Shinn, 2002).

The usefulness of the three theories summarised here in explaining the positive impact of universities in the development of applied technological innovation across industry, geographical and firm boundaries has however been critiqued widely. For instance, one study found that in most industries, except pharmaceuticals, academic research results played little role in triggering industrial R&D projects, (Cohen at al 2002). The more general point has been made that the diversity of HE is a result of the development of universities in specific and very different social, historical and national contexts, over a very long period, sometimes since the Middle Ages (Mowery and Sampat, 2004). Indeed, as empirical research into university-industry relations has increased, a wide range of contingent factors appear crucial in determining both the intensity and more importantly, the success of collaboration between firms and industries. Some of these are described below. Numerous studies have found that size of the firm is a key factor influencing university-industry relationships (Cohen et al 2002, Hughes 2006), while “openness” of firms (as measured by willingness to search, screen and signal) also impacts the development of R&D projects with public research organizations (Fontana et al, 2006). The “absorptive capacity” of firms (Cohen and Levinthal, 1990) will similarly influence the degree to which knowledge from universities will be understood. Not surprisingly, it has been found that radical product innovation is positively correlated with reliance on public research bodies (Mohnen and Hoareau (2003). The regulatory environment is similarly a key variable: the Bayh-Dole Act in the US made it much easier for universities to engage in patenting and encouraged universities to invest in university research (Rafferty 2008). Finally, the relevance of university research for firms has also been underlined as a key variable. In particular, universities in some national systems have been criticized for being “Ivory towers” and not involving users or being engaged with a user-community (Mazzoleni and Nelson, 2007). 

The changing role of universities in China’s Science and technology system.

China’s S&T structures under the command system before 1980 were modelled closely on those of the Soviet Union in the 1950s. The Soviet innovation model, it has been proposed, was of a simple linear nature, with some similarities to the early generation demand-pull model for Western societies (OECD 1969, Holloway, 1982). Each ministry was responsible for a particular industrial sector, e.g. telecoms, and had production enterprises, R&D institutes and often higher education bodies under its control. 

The system was vertically integrated with very few if any formal horizontal linkages between productions units on the one hand, and academic research institutions. The role of HE bodies was to provide a pool of highly specialised knowledge workers for the production units and industrial R&D institutes. Other organisations existed outside the industrial ministries that had S&T functions, such as the institutes of the various academies of science and universities under non-industrial ministries, but they played little role, if any, in industrial innovation (Suttmeier,1997). 

The process of change in the Chinese S&T structures began in 1985 with the publication by the Central Committee of the Communist Party of the resolution on structural reform of the science and technology management system. These market orientated changes have continued, empirically driven, ever since. Of the priorities that have endured from the transformation programme, the most important is placing the enterprise at the centre of the innovation process. The others are promoting links between industry and academia and encouraging mobility of staff between the bodies concerned with innovation.

The results of the new policy initiative have been mixed. According to figures from the Ministry of Science in 2004, enterprises account for 61% of GERD (Gross Expenditure on R&D), the remainder taken up by S&T institutes and universities. This therefore appears to represent a big step to achieving enterprise based innovation, although there is some doubt about the reliability of the statistics.

One policy initiative that has resulted in significant developments is the promotion of spin-off ventures from universities and other academic research bodies, sometimes called New Technology Enterprises (NTEs). The first spin-offs predated the 1985 policy initiative, and they grew rapidly to 900 by the mid-nineties, if the companies linked to the Chinese Academy of Science (CAS) are included. This rapid growth was given a further boost by the government Torch programme to establish incubators and technology development zones. There are now 436 incubators and 23,000 ventures linked to them. The NTEs typically were established and owned by academic research institutes, often linked to the CAS, or by universities. (Suttmeier, 1997). 

The NTEs were strongly promoted by the state because they served four of the objectives of the S&T sector changes that had not been significantly achieved by other policy initiatives. These were to find new sources of revenue for universities and research institutes, to reduce manpower in the state R&D system and to find ways to commercialise research results and innovate new products. The forth objective was to promote staff mobility and by implication create a flexible labour market for knowledge workers. For their part, research institutes and universities had a strong incentive to establish profitable spin-offs to finance their core activities, because their budgets were being progressively squeezed as a result of the new government S&T policies.

The 1985 policy initiative concerning the S&T sector was accompanied by similar measures concerning higher education, since the university sector was seen as the main driver in Chinese high-tech development (Yin and White, 1994). Its role in the formation of NTEs has already been mentioned. The aims of the HE changes were to expand the autonomy, financial and otherwise, of institutions, to strengthen links with production organisations and to develop a labour market for HE workers. The greater financial autonomy was to be achieved in two ways. Firstly by charging students for their tuition fees and secondly by developing commercial structures to sell expertise or to invest in spin-off ventures of various kinds. Main vehicles for the new approach were the new vocational universities, which first appeared in the 1980s. All students paid fees, in one form or another, to attend these bodies and the curriculum was flexible and market driven, with a strong vocational content (Fang 1991)

The development of spin-off ventures from academic bodies has been the main driver in creating a high-tech labour market in China. The growth of this sector has been explosive, as revealed by the figures in the previous section that there are now 23,000 NTEs in the ‘Torch’ programme. These firms were spun-off both by research institutes affiliated to the academy of sciences or former industrial branch ministries and by HEIs. By the early 1990s in some HEIs, most of the staff held concurrent jobs in spin-offs from their own institutions. For example, 80% of the teachers in Jiamusi Technology Institute were also working in its 12 affiliated ventures (Yin and White 1994). The same study also reported that there was pressure on staff to leave the HE sector completely for business. The state actively encouraged this trend through financial mechanisms, i.e. budget cuts, on HEIs and continued to do so in the 1990s. 

One of the reasons for the 1985 policy change in HE was that the then system was thought to be too academically focused to serve business needs. Although science and engineering subjects with a vocational bias dominated in the curriculum they were taught without regard for the needs of the production organisations. This was even true of the industry-branch universities. As a result, there was seen to be a need for less academic, vocational skills training and to provide this new structures were developed. The first vocational university, Jinling, was established in 1980 and the sector expanded rapidly, so that by 1986 there were 128 with a total student enrolment of 67,000. The curricula of the new institutions were market driven and encompassed ‘non-academic’ subjects, for example, dress making. (Fang, 1991). As state budgets were cut, vocational universities and other HEIs also turned to providing training courses for firms, on a commercial basis (Yin and White 1994).  


University departments in China therefore moved aggressively into the commercial arena on the back of a government-sponsored mission to build China’s indigenous R&D capability. The links between the universities and their firms was therefore far closer than has traditionally been the case in West. Indeed, rather than spin-offs, the new firms have been described as spin-arounds (Eun et al, 2006), given that they remain connected to the mother institution through, for example, staffing, taking advantage of the mother institution’s various assets and associating themselves  with the institution’s reputation (Eun et al, op. cit). A distinguishing feature of many of China’s high-technology firms therefore, is that not only have they traditionally collaborated closely with university departments in science-related areas, but they also retain strong professional links and in many cases are owned outright by university departments. In other cases, academic entrepreneurs who hold positions in their universities, continue to hold shares in the company. 


 Although this model of academic entrepreneurship was lauded in a number of Asian countries, it is apparent that since the mid-1990s, the relative importance of university-sponsored firms in China is in decline. According to the 2002 Statistical Report of University-run Industry in China, the total number of university spin-offs decreased since the late 1990s. Citing a Chinese University Technology Transfer document from 2002, Eun et al (2006) report that the financial performance of many listed university-run enterprises has been deteriorating and that only seven university -university run enterprises managed to remain in the list of the Chinese 100 S&T firms in year 2005 (Digital Times August 2005). Significantly, question marks have also been raised with regards to projects involving high university-industry collaboration. A recent study found that although the collaboration between industry and research institutes was associated with higher technological novelty, higher collaboration is also associated with less efficiency in terms of innovation sales and profit ratios (Guan et al, 2005).  Recent government policies seem to endorse the decline of the university- run enterprises. Hence, while up to 1995, the government still encouraged universities and research institutes to establish high-tech firms using their S&T capacity,  in November 2001, the State Council issued the “Circular on the Experiment of Standardizing University-run Enterprises Management at Peking University and Tsinghua University,” which actually calls for separation of university run enterprises from universities (Eun et al 2006).

The Chinese experience poses important questions for our general understanding of how university actors straddle the boundary between their academic and commercial roles. It also clearly raises important questions for China’s science and technology system, where, given the traditional weakness of indigenous privately-owned firms, university-owned enterprises have played a more important role in commercialising new technology projects, than has traditionally been the case in other S&T systems.. The following section of the paper discusses the recent development of industry-university drawing on both literature and empirical evidence from a study of high-technology firms in the ZGC science park in 2006. 

Development of the university enterprises in the ZGC park

When the CPC (Chinese Communist Party) launched its programme to harness S&T using market methods in the 1980s, it sent a delegation to the USA to study Western approaches to commercialising R&D. As part of this fact-finding mission, officials visited Silicon Valley in California and the high-tech area in Massachusetts based around Route 128, where explosive growth was driven by a rapid proliferation of spin-off companies, partly from local research based universities such as Stanford and MIT.

In an attempt to emulate the perceived success of the Silicon Valley model, in 1988 the State Council designated China’s first national high technology development zone in Beijing and encouraged other cities to prepare to develop their own zones. The area was called the Beijing Experimental Zone (BEZ) for new technology industries in the north west of the city, near Zhongguancun street, known commonly as the ZGC Science Park, where there is a very high concentration of universities and research institutions. Since then, spin-off companies in the Park have become some of the best known in China, such as the Founder Group of Beijing University, the Tongfang group of Tsinghua University and Lenovo (formerly Legend) spun off from the Institute of Computer Technology of the Chinese Academy of Science. There are now 14,000 companies, employing nearly 500,000 knowledge workers, making it the largest science park in the world (Interview by author with BEZ Administrative Commission, June 2005). ICT is the dominant industrial sector in ZGC, but there are also other significant players in bio-tech, advanced materials including optics, nano-technology etc (Wang, 2000). Almost 40% of major S&T results in the country are produced in Beijing, and it has been recognised as the most innovative region in China. (Guan et al, 2005). The Commission is the prime regulatory framework for the Park and is responsible for licensing, taxation, international trade, finance and investment, employment and intellectual property rights, as specified by national policy (Gu, 1998).

In 1991, 26 zones in other cities were selected and designated as national high technology zones (Wang et al, 2000), leading to the significant growth in these areas of high-tech spin-off ventures, sometimes called New Technology Enterprises (NTEs), which grew  rapidly to 900 by the mid-nineties, if the companies linked to the Chinese Academy of Science (CAS) are included. This rapid growth was given a further boost by the government Torch programme to establish incubators and technology development zones. There are now 436 incubators and 23,000 ventures linked to them. The success rate of these high-tech start-ups was reported in the late 1990s as 10%, which is comparable to the figure found for similar Western ventures. The NTEs typically were established and owned by public sector research institutes, often linked to the CAS, or by universities (Suttmeier, 1997), which, although owned by these public sector bodies, are run as private companies.(Lu, 2001)  

Science parks now account for the great majority of output and activity in the high-tech sector in China. Three quarters of all high tech firms are based in science parks, which employ more than 4 million people. In 2000, industrial products from high tech parks accounted for 25% of China’s value added output and total income from them in 2001 was 13% of GDP. (Keji ribao, January 22, 2002). 

The growth of the spin-offs was the main driver in the creation of a labour market for high-tech workers and played a major, if not decisive, role in the evolution of Chinese indigenous industrial R&D, particularly in the ICT sector. Many of the biggest and most successful firms such as Lenovo, the world’s 3rd  biggest PC manufacturer, Huawai, Stone, Founder, etc. were created through this route and their ‘founder’ academic bodies often still retain formal ownership of them. 

Summarising, in China academia was a key player in the explosive growth of the ICT sector. This occurred largely through the establishment of spin-off firms linked to universities and research institutes. Therefore, the historical development of university/firm relations in China appears to support the proposition of the Western theories reviewed earlier that academic institutions play a central role in promoting innovation and lie at the centre of the transactions of the knowledge economy.

Methodology of survey data: Measuring the impact of collaboration on performance 

The following section of the paper discusses the results of a study undertaken in 2006 into the nature of university-industry links in China’s largest science park. Firstly, the results of a survey investigating the extent of knowledge transfer from academia to indigenous Chinese high-technology firms located in the ZGC Park is highlighted. This articulated the following research questions: 

· To what extent did knowledge sharing on a particular innovation project by employees with academia influenced the projects overall performance? 

· How important to the enterprise were universities as sources of knowledge for the project? 

· How important was collaborating through student projects, and employing academics or graduates for general innovation activity of the firm?

These questions were investigated by means of through two inter-related surveys and interviews in 7 firms. The surveys were carried out between February and May 2006 and the interviews between June 2005 and June 2006.  The research was conducted in the ZGC Science Park in Beijing which has the biggest concentration of ICT firms in China, approximately 70% of the 14,000 firms based there (ZGC administrative report, 2004). 

The protocols used to undertake the survey were:

· Organisations invited to participate in the study had the following profile: indigenous Chinese ICT companies, undertaking innovation and located in the Zhongguancun area of Beijing. The firms fulfilling the above criteria were chosen at random from a data base of firms located in the park

· A senior R&D manager (or if he/she was not available a senior person in R&D) was contacted by phone and asked if they would be prepared to participate in the research. If the answer was affirmative the senior R&D manager was emailed the address of a web-site that they could log onto where the survey was available. The respondents were asked to nominate a major innovation project in the company over the past three years and answer questions in relation to this. The survey answers could be submitted online to a server that collected the data. This shall henceforth be called the “senior R&D manager” survey.

· Senior R&D managers were also asked to nominate up to 10 R&D employees who worked on the above project, who in turn were asked to answer questions on a different survey and submit these online. This shall henceforth be called the “knowledge worker” survey.

Figures 1 to 3 provide descriptive statistics of survey responses from senior R&D managers and knowledge workers working in 61
  firms. In Figure 1, responses were drawn from senior R&D managers and recorded on a four point Likert scale, from “Very Important” to” Not Important”. This shows that firms consider consultancies and new staff as most important sources of new knowledge. 22% of firms said they regarded universities as very important sources of knowledge. Still staying with senior R&D managers, figure 3 shows that when collaborating with universities and public R&D institutes, (responses on a four point scale from Very Important to Not Important, see figure 3), 39% said obtaining licenses was very important while 26 % mention personnel exchange.  Only 8% of firms rated employing academics as a very important form of collaboration with public R&D, with a corresponding figure of 6% for student projects. In the separate survey of R&D workers (figure 2), just 8% considered knowledge sharing with universities as very influential in the innovation project, the bottom of the list, compared to 62% who said that their project team was very influential (responses on a four point scale from Very Influential to Not Influential, see figure 2).


Figures 1 to 3 suggest that universities represent important knowledge networks on specific projects for only about one on five of the firms surveyed. The impact of universities appears stronger in terms of the transfer of codified knowledge in the form of licenses and patents and secondly through recruitment of labour. In terms of collaboration, a proxy for the transfer of tacit knowledge, a mixed picture appears. While about 25% of firms mention that collaborative R&D with public R&D bodies was very important, this does not appear to take place through the employment of academics. University research similarly appears to have very little input to problem solving on projects, similarly suggesting low impact of tacit knowledge transfer between university and firms.


In the next step, regression analysis was conducted to look at the impact that collaboration with universities might have on the performance of projects from the entire sample of firms. The survey generated usable data from 55 firms. Although missing data were somewhat prevalent in the data set, it was established that their distribution was randomised with respect to both respondents and the survey items. A mean substitution missing values strategy was therefore adopted for the multiple regression analysis. This technique is considered appropriate where missing values are randomly distributed across the data set. The DV and the constructs that will be discussed below all approximated a normal distribution. Where relevant, four point Likert scales between 0 and 3 were used in the surveys.    

    Firstly, regression analysis was undertaken based on senior R&D manager responses In operational terms, multiple regression analysis was undertaken with a dependent variable (DV) quantified as the senior R&D manager average ratings of innovation project success in terms of meeting deadlines, levels of product sales and technical capability of the finalised product. The independent variables (IV) or explanatory variables on this regression were the following: (IV1) the importance to the enterprise of universities as sources of knowledge for the project: (IV2) the importance of collaborating through student projects for general innovation activity; (IV3) the importance of collaborating by employing academics for general innovation activity; (IV4) the importance of collaborating by employing graduates for general innovation activity. The results of this regression are shown in Table 1. This shows none of the independent variables were significant.

A second regression was then undertaken, keeping the dependent variable as project success, but this time drawing upon knowledge worker responses on a single independent variable. This variable was the extent to which knowledge sharing about the project by employees with academia influenced the projects output (IV1)
. The result is shown in table 2. In this case, the explanatory variable accounting for project success was significant with a negative sign. Unlike the case of table 1, in this case self-report was not a problem, since the dependent and independent variables are drawn from different sources. 

The above analysis appears to back other evidence that reports that, while universities continue to make up an important part of the technological landscape in the Chinese science parks, direct involvement of universities in the innovation projects of firms appears to affect a relatively small proportion of firms, even when, as we shall see later, strong formal bonds continue to exist. Moreover, it appears that the nature of knowledge transfer is dominated on the one hand by formal codified knowledge transfer and on the other, the movement of labour. There is little evidence of significant and ongoing inter-team collaboration with universities or strong influence on projects from high-standing academic stars.

Methodology of interviews

This next section of the paper considers in more detail the reasons for the change in university-industry relationship in the ZGC science park. Qualitative evidence was used to provide a narrative of the combination of factors that will interplay in the changing relationship between firms and universities in China. This is because it was felt that survey-type data may struggle to capture important explanatory factors and relationships, particularly where knowledge sharing is assessed relying primarily upon examining formal ‘western’ mechanisms of collaboration, whereas other informal methods of knowledge transfer, locally rooted, may be highly influential. The qualitative evidence was gathered through interviews conducted with senior R&D managers and R&D employees in 2005 and 2006 (see table 3). 


The interviews were open-ended semi-structured with a senior manager in R&D and, separately, with a focus of group of approximately between 2 and 5 R&D employees invited by the manager.  The interviews lasted between 60 and 90 minutes, including where necessary translation into English from Chinese. The interviews were recorded and subsequently transcribed following Strauss and Corbin’s

(1998) coding process, that allows facilitates identification of codes and themes.

Questioning university competence
It was pointed out in the literature section that universities played a key role in the emergent Chinese science and technology system, in part, due to the initial weakness of an indigenous Chinese entrepreneurial class. State policy therefore initially encouraged university departments to establish start-up ventures. However, this situation has changed somewhat since the since the 1980s. As we shall see, although universities continue to be important actors in the ZGC Park, large technology-intensive firms have emerged, many of them with management structures that are relatively autonomous from universities in their day-to-day decision-making processes. Moreover, as firms have consolidated their position in specific markets, they have been forced to focus on non-S&T activities, such as production and marketing, in order to survive the market competition (Motohashi and Yun, 2007). 
It was also argued that although high technology university spin-offs have been drivers of entrepreneurial success in key industries in key high technology regions, the degree and success of collaboration appeared to be contingent on several factors, including the size of the firm and its openness to collaboration with outside bodies. Curiously, when it comes to China, less research appears to have questioned the competence of the universities to provide firms with knowledge that is useful to them. In this context, a common view from many of the practitioners interviewed is that collaboration with universities tends to be intermittent, its importance has declined and it is increasingly marginal to the needs of firms. The reasons for these observations are discuss below. 

We begin with a commonly held practitioner view that Chinese universities lack the right knowledge-base to help firms. Micropro is a company with around 50 R&D staff producing semi-conductors. It was a spin-off from the Automatic Research Institute of the Chinese Academy of Science and produces predominantly character recognition software. Micropro established a character recognition lab in collaboration with Automatic Research Institute (the mother institution) and develop work with postgraduate students from these projects. However, the importance of formal, collaboration with academic research units has been fading. As the head of R&D comments:

“We collaborated with a professor from Tsinghua on audio-signal processing, with Wu Han university on software, however this is fading, because as technology grows, so does complexity. The university is good at dealing with difficulty, but not with complexity” (Micropo R&D head).  
Interestingly, Micropro’s major shareholder is affiliated to Tsinghua University and provides the company with financial help. Nevertheless, there is no university member on its board of directors. Another company, Engsoft, set up in 1994, also has its principal shareholder affiliated to Tsinghua university. Yet, Engsoft also emphasized separation from university the in day-to-day collaborations. It was mentioned that in the past, university departments would sponsor companies and get money from them, and departments would get money from companies. Universities would also train up company employees, However, this not the case any longer. As was specified by its director of R&D: 

“Today we have few academic links to the university except for some internships, even this is now being commercialised” (Engsoft R&D manager)

The comments of the head of R&D of Telehard, a large company of 2000 employees and a major telecommunications player in the domestic Chinese market, more than any other, underline the limitations of the university as collaborator in technological projects. Telehard was established in 1998 and according to the company website, its shares are held by the China Academy Telecommunication Technology. The company was also established by the dean of a research institute and his 6 students. They built the company, which now has more one billion RMB sales revenue and 100 million RMB profit and in 2005 was ranked 10th amongst the top 100 Chinese Telecommunications Suppliers. Despite its size, the head of R&D was similarly downbeat regarding the usefulness of collaboration with universities:

“There was some cooperation, but this did not much help. The technologies in universities are not as advanced as ours. The role of universities should be “up to sky and down to land”. “Up to sky” is to do some advanced research which should lead ahead of 10 years or 20 years. “Down to land” is to do work for companies in the aspect of industrialization. But for our universities, they are just located in the middle. They could neither up to the sky, nor down to the land. Their outputs or achievements are far from market and could not be applied or utilized in reality. They could not feel the direction of market and only did some little improvement. 

Interviews with other firms (see Table 3.) similarly underline the point that strong links exist with universities, primarily through historical association, shareholder partnerships and sources of finance. Universities and firms also appear to collaborate to divert high-skilled individuals to firms. However, collaboration on innovation projects appears sporadic and relatively marginal suggesting weak flows of knowledge between the institution and the firm. Significantly, senior R&D managers appear disappointed at the fact that universities do not have adequate knowledge of firm needs. As firms adjust to meet customer requirements, the principle difficulties appear to be associated with understanding markets trends and combining different technologies. The problem of “complexity”, as described by the manager of Micropro, reflects the convergence of modern ICT, that brings together previously disparate bodies of knowledge. The university can deal with difficulty at the disciplinary level, but struggles when inter-disciplinary knowledge is required. 

Governance systems, guanxi and universities in China

Next, we turn our attention to how the governance systems between firms and universities may impact the degree of collaboration and its success. The interviews strongly suggest that, despite the apparent weakening of collaborative projects, many firms continue to have links with universities, even when no formal collaborative or ownership relationship exists, At one firm, Offsoft (see Table 3),although it was established that no significant knowledge was gained from universities to help innovation activity, managers regarded having close links with academic institutions as very important for “reputational” reasons. In consequence, the firm established and funded a joint-research centre with a prominent university in Beijing, despite receiving no significant information to assist innovation project activity in return. As a senior manager commented, “It (the research centre) has not helped us much, it is just to signal that there is collaboration with (the local university)…. We use the brand name of the centre to attract new customers”. Telehard also finances projects with the university as part of a public relations exercise to influence policy makers. The head of R&D comments:

“when making regulation, our country will take some suggestion from universities, so from this point, we will give some project to universities for public relations” (Senior R&D manager Telehard). 

These accounts highlight the fact that, as in many other less-developed countries (but also some developed countries like France), prestigious universities play a particularly important role in society. They influence policy-makers and their networks of ex-Alumni can be very influential in society (much in the same way as the Grands Ecole in France). This distinctive relationship between firms and universities in the Chinese context, expressed through a range of both formal and informal links, has been commented on by many authors, who emphasize the importance of “guanxi” in China as a necessary vehicle for any sort of relationship building. . (for example see Ramasamy  et al, 2006). Although guanxi  clearly is important in considering the influence of university-industry relations on innovation, there is insufficient evidence here to consider its significance in any depth. Particular caution is needed in commenting on guanxi  because separating out the effect of guanxi on innovation outcomes from university-industry relationships is highly complex, not least because, even if  guanxi is an efficient vehicle for knowledge transfer (Ramasamy et al 2006), its impact on innovation projects may be felt in less direct ways, for instance, in obtaining capital for new projects (Saxenian, 2005). There is some evidence here that those spin-off ICT firms that retain close personal ties with their university shareholders, in turn use their influence on state financial institutions to facilitate loans.(Interview with senior manager, Micropro). The converse could be the case for firms with poor guanxi. In other words, private firms may struggle to obtain access to funding for innovation projects from state financial institutions and have instead to rely to a greater extent on private investors or retained profits. More work is needed to clarify these issues. 

Changing policy priorities

A third factor that becomes apparent in weakening effective collaboration on innovation projects are problems of coordination between partners. Traditionally universities and firms have had separate goals and aims, although as Triple Helix theory emphasises, a confluence of technological developments and government policy has supported a convergence of these goals, as universities have become hubs for high technology spin-offs. Nevertheless, a counter trend appears to have occurred in China, as policy makers increasingly discourage close links between firms and universities. For instance, asked about barriers to cooperation one senior manager commented: 

‘(the university) and the firm have different goals and purpose, this is the big difference. The university focuses on research and teaching, not business relationships. There is a separation right now’. (Interview with senior manager, Offsoft). 

Another replied that 

‘there are different aims between (the) research institute and the firm; (the) research institute needs academic output; the firm wants economic performance’. 

In other words, academia and industry appear to have different goals, which is perhaps surprising since the firms were originally academic spin-offs. Policy changes appear to have been influential here, as the manager of Engsoft comments…

“Today we have few academic links to the university except for some internships (even this is now being commercialised) because government institution said that universities should not be linked to commercial entities, universities should teach and companies are for profit. So the University is trying to distance itself from the money of companies”.  

 The evolution of the ICT sector, outlined earlier, has been strongly influenced by institutional factors and government policy initiatives, themselves subject to frequent piecemeal changes,. Although the growth of spin-offs that were characterised by close academic/industry links had been decisive at a certain stage in creating high-tech industries in China, policy makers may have seen a danger by the late 1990s that basic research was being seriously undermined by increasingly dominant, commercially focussed, academic/industry relations. Consequently, policy changes appear to have been instituted to weaken the links between spin-off firms and their parent academic bodies. Our results support this view since it was reported that the government now frowns on involvement at an operational level of the ultimate academic owners of spin-off companies. 

Conclusions
The empirical evidence from qualitative and quantitative sources suggest relatively weak levels of cooperation between ICT firms and universities on innovation projects in the ZGC park. Moreover, from the literature, it appears that the push to separate firms from universities seems to be steadily gaining ground in China (Eun et al, 2006). 

Practitioner accounts suggest two factors that may be playing a part in this process. The first is associated with the weaknesses of Chinese universities and their inability to provide useful knowledge for companies. Outside the Chinese context, universities are often criticized for being “ivory tower institutions”, producing knowledge without regard to the needs of users. In the Western context, this criticism is made in the context of the growth of entrepreneurial academic activity (Etzkovitz et al 2000). While relevant, the criticism of Chinese universities appears to be based on the fact that universities are failing to provide leading edge disruptive innovation, while on the other, are not attuned to the more sophisticated practical of firms. 

A second explanatory factor for the weakening of firm/university links discussed in this paper, the result of a recent policy change that re-emphasises the basic role of universities as centres of basic research and teaching. A re-emphasis towards of a ‘pure’ research ethos in academia may have deepened coordination problems between the two sectors, restricting effective information flows. In other words, the languages spoken by industrial and academic researchers, which converged during the explosive spin-off era, could have diverged again, with possible long-term negative consequences for building an indigenous capacity to innovate.  

These findings need to be treated with caution for they do not derive from statistically representative data of firms in the ZGC park. Indeed, some anecdotal evidence from our own study suggests some firms collaborate with universities on innovation projects more than others. Nevertheless, our findings are backed up using both survey and interview data and, as discussed, a growing number of papers refer to the growing concern regarding the performance of university-owned enterprises. For these reasons the discussion in this paper is significant, for the causal mechanisms affecting university-industry collaborations appear to emphasize factors other than those usually ascribed to influence university-industry relations in the English speaking literature. In addition to their implications for China, the findings of this study also inform the debate in the West concerning the lack of fit between models that claim the centrality of universities to innovation and the empirical evidence. Since this mismatch has been ascribed to the diversity of academic institutions internationally, (Mowery and Sampat, 2004) it is particularly useful to look at innovation in the context of China’s political economy, since her development path has diverged radically from the West. The evidence presented both from this study and from a parallel one drawing on a similar data set, (Guan, et al, 2005) is that academia/firm transactions in a Chinese high-tech region now play a less important role than in the past in influencing innovation, a finding that challenges the western theories discussed at the beginning of this paper, that considers the role of universities as central. 
Analysing innovation concretely in the context of the institutions that arose in the course of China’s historical and social development shows that a powerful state has occupied a central position in shaping innovation activity, resulting in widely different outcomes at different historical stages and under changing social conditions. Hence,  from being a decisive actor in the 1990s, it appears, if the experience of ZGC does point to national trends, that the institutional influence of academia could be now much reduced.  If so, then in a context of a society that is moving from a command economy towards capitalism in historically unprecedented ways, the explanatory powers of over-arching models, such as the Triple Helix, that seek to locate the university at the heart of innovation transactions, may be limited.
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Table 1. Influence of university links on project success. Summary of multiple regression statistics-senior manager data.
	Variable entered
	Reg Wt
	Beta
	t value
	p

	New sources of knowledge were universities (IV1)
	-0.018
	0.032
	-0.228
	ns

	Collaborating through student projects (IV2)
	-0.213
	-0.350
	-2.137
	ns

	Collaborating through employing academics (IV3)
	-0.040
	-0.060
	-0.408
	ns

	Collaborating through employing graduates (IV4)
	0.168
	0.240
	1.505
	ns


Dependent variable: success of innovation project.

R2 : .033, 11.853(1.466) p=ns. N=55

Table 2. Influence of university links on project success. Summary of multiple regression statistics-knowledge worker data.

	Variable entered
	Reg Wt
	Beta
	t value
	p

	Influence of knowledge sharing with universities (IV1)


	-.240
	-.283
	-2.165
	P<0.05


Dependent variable: success of innovation project.

R2 : .063, 11.853(4.68) p<0.05. N=55
Table 3.  Summary of interviews-senior manager data. 

	Firm name 
	No. Empls.
	Sector
	Ownership and origin
	University links

	
	
	
	
	Direct collaboration
	Other links

	Telesoft 
	380
	Telecom software/hardware (80% software) 
	Private. Spin- off from research institute
	Some co-operative projects. Buy technological output from universities. No close connections with universities.
	Employ graduates

	Telecom
	400 (150 in R&D)
	Telecom software
	Private. Spin-off from research institute, which owns minority share. 
	No formal relations with universities. Involvement with student projects. Some informal investigations and data collection. Set up collaborative lab but get little technical knowledge from it. 
	Very limited involvement in academic conferences and forums. No alumni activity.

	Telehard 
	2000 (1500in R&D) (10,000in group.
	Telecom hardware and software.
	State owned
	Some cooperation, “but it did not help much” because technology in universities is not sufficiently advanced. 
	 Employ graduates. Give projects to universities for reputational reasons. 

	Engsoft
	210 (100 in R&D)
	Engineering software
	Ultimate majority controlled by university.  Spin off-of spin off of university.
	Some students do internship. Cooperation with university in Shanghai on specific projects.  
	Employ graduates.

	Offsoft
	SME 
	Office automation software
	Private. Spin-off from university, which remains shareholder.
	Little collaboration. “Collaboration with universities on technical development is not important”. “Universities and firms have different  goals and purposes”.  
	Employ graduates. Set up joint research centre with university-“use brand name of centre to attract new customers”

Participate in alumni network.

	Micropro
	200 employees, 50 in R&D.
	Microprocessor manufacturer %0% hardware, 50% software.
	Private. University Spin-off 
	Relationship with two universities. Pay them for technology. “Professors good at technical problem, not management”.  
	Conferences very important to meet academics. Uses founder university to obtain finance.  

	Finsoft
	SME. 
	Financial services software
	Private start up.
	None reported
	Firm active in alumni group, this informal collaboration is important to them.
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� . Although, the relatively small size of the survey population does not allow us to claim representativeness of the firms described in the selection criteria, the results of the survey were included because they inform the overall aims and objectives of this paper, which is an enquiry of the reasons for changing university–industry relationships of high-technology firms in China.


� . Although, the relatively small size of the survey population does not allow us to claim representativeness of the sample of firms described above, we believe the results of the survey shed light on the overall aims and objectives of this paper, which is to enquire the reasons for changing university–industry relationships of high-technology firms in China.
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