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1. Introduction  

Government programs, including science, technology and innovation (STI) programs, often provide 

supplemental funding opportunities that involve financial support through another program. However, 

these supplemental initiatives are rarely viewed as efficacious program mechanisms in their own right 

and, as a consequence, are rarely subjected to serious evaluative scrutiny. The development and 

evaluation of the National Science Foundation SBIR/STTR (Small Business Innovation Research/Small 

Business Technology Transfer Research) Membership Supplement in Industry/University Cooperative 

Research Centers (IUCRCs) attempts to break new ground in both areas. The supplements, which 

involve providing Phase II SBIR/STTR firms with a subsidized membership in an IUCRC of their choice, 

attempt to create a synergistic innovation-related relationship by combining elements of two highly 

regarded and well evaluated STI programs. This paper highlights the findings of a recently completed 

study of the program‘s effects. 

The Small Business Innovation Research (SBIR) Membership Supplement in IUCRCs (SBIR 

Supplement), launched in 2008 by NSF provides an interesting example of an attempt to produce 

synergistic programmatic effects. The initiative builds on two highly regarded and carefully evaluated 

STI programs. SBIR/STTR program provides funding to small businesses, often startups, to assist them 

in moving from research to commercialization
1
. It has been the subject of a variety of evaluation efforts 

and the consensus of these studies is that it has been effective (Audretsch, Link, & Scott, 2002). The 

IUCRC program (started 1980s), supports pre-competitive research via multidisciplinary, team, and 

consortial processes between universities and primarily large firms. It has been the subject of an 

extensive program of evaluation research and has also been judged effective (Gray, 2008)
2
. The SBIR 

Supplement attempts  to leverage the strengths of these two programs by providing Phase II 

SBIR/STTR firms who have   limited R&D capabilities and technical networks with a subsidized 

membership in an IUCRC while center stakeholders are exposed to the type of entrepreneurial start-up 

that rarely have the resources to participate in an IUCRC. 

Given this background, the overarching goal of this assessment was to evaluate the impact of the 

SBIR/STTR Membership in I/UCRCs Supplement on both programs. In this paper, we highlight our 

findings related to benefits and costs for SBIR participants.  Data were collected from firms that had 

received supplements between 2008-2013 Fifty-six firm representatives participated in a structured 

telephone interview (88% response rate). While exploratory, we believe the possibility of creating 

combinatorial programmatic STI innovations and the positive findings from our evaluation effort will be 

of considerable interest to the evaluation field. 

2. State-of-the-Art 

In late 2007 the National Science Foundation‘s (NSF) Industrial Innovation and Partnerships (IIP) 

                                                           
1 For more information on the SBIR program go to this website: http://www.nsf.gov/eng/iip/sbir/home.jsp. 

2 For more information on IUCRCs visit these websites: http://www.nsf.gov/eng/iip/iucrc/; www.ncsu.edu/iucrc. 

http://www.nsf.gov/eng/iip/sbir/home.jsp
http://www.nsf.gov/eng/iip/iucrc/
http://www.nsf.gov/eng/iip/iucrc/
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program initiated a novel supplemental funding opportunity, Supplemental Opportunity for Small 

Business Innovation Research/Small Business Technology Transfer (SBIR/STTR) Memberships in 

Industry/University Cooperative Research Centers (I/UCRCs). The goal of the supplement was to 

―accelerate the innovation process by partnering industry-relevant academic research with 

commercialization focused small business research‖ by creating a partnership between two IIP programs 

(Narayanan, 2007). In brief, the supplement involved providing Phase II NSF SBIR/STTR firms with a 

subsidy that would allow them to join an I/UCRC of their choice for up to two years (the subsidy covered 

about 90% of the cost). Over a five-year period, we estimate that about 14% of the SBIR/STTR firms 

that were eligible for this opportunity took advantage of it (N=72) and NSF provided a total of about $4.4 

million to support this ―experiment‖. 

Most ―supplemental funding‖ programs provided by NSF are intended to meet a specific need like help 

train undergraduates in a research environment and are typically not subjected to serious evaluative 

scrutiny. Thus, we were not able to find a relevant evaluation research literature. However, we believe 

the intent and structure of the SBIR/STTR Membership in I/UCRCs Supplement is different from the 

typical need-based supplement sponsored by NSF in a number of respects and might lend itself to 

another rationale. First, in contrast to most supplements, this supplement is targeted at awardees 

participating in two specific programs within a single program area – Industrial Innovation and 

Partnerships (IIP). While the two programs share similar goals (e.g., accelerating innovation and 

commercialization), they are more complementary than identical in that they operate in different stages 

of the innovation ecosystem (e.g., pre-competitive research vs. start-up commercialization) and service 

very different types of external research organizations (predominantly large research organizations and 

small firms). Finally, rather than provide either program with support to meet their individual needs, the 

supplement requires a mutual exchange of resources and services between two programs. Based on these 

differences, we believe one can justify the SBIR/STTR Membership in I/UCRCs Supplement based on a 

belief that one can create a synergistic partnering effects by combining the two programs (Powell et al., 

1996). 

For instance, from a practical and pragmatic standpoint the two programs appear to have complementary 

assets and needs. Because I/UCRCs are based at large research-extensive universities and are well- 

endowed from a technical, infrastructure and human capital standpoint, they are capable of addressing 

many of the research and development needs small firms might have. Because they also include an 

existing consortium of primarily large firms, I/UCRCs also have the potential to help small firms address 

some of their tacit-knowledge and market knowledge and marketing needs. At the same time, 

SBIR/STTRs involve highly innovative small firms, many of which are start-up or spin-out firms, who 

are highly focused on creating and exploiting IP and commercializing new technological applications 

with very tight timelines. These types of firms and manner of doing research tend to be underrepresented 

in the typical I/UCRCs and are not frequently encountered by the many students trained in I/UCRCs. 

There may also be a conceptual justification for this type of synergistic partnership. The literature on 
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technological innovation discusses the potential for combinatorial innovation; that is innovations that are 

produced by combining modules from existing technologies (Varian, Farrell & Shapiro, 2004). In such 

instances, Varian and colleagues argue synergistic effects are achieved by combining modules of 

existing and relatively routinized technologies, often leading to waves or clusters of innovation (Varian, 

2003). Some authors attribute these developments to the serendipity that comes about through what they 

call the adjacent possible, breakthroughs that come about because of the physical and temporal 

proximity of the foundational technologies upon which they are based (Johnson, 2010). The literature in 

this area cites a number of significant combinatorial inventions including the printing press, double-entry 

accounting and air conditioning (Johnson, 2010). 

Although much of the literature on combinatorial innovation focuses on hard technology, observers have 

concluded that synergistic combinatorial processes, what Einstein labeled ―combinatorial play‖, happen 

in social, creative, organizational or programmatic innovations (Popova, 2013). Hargadon and Sutton 

(1997) also see an organizational dimension and discuss how some organizations exploit their network 

position  to create new products that are original combinations of existing knowledge from very 

different industries and how organizations can actively facilitate combinatorial innovation. Interestingly, 

the organizational proximity of the SBIR/STTR and I/UCRC programs within IIP appears to be similar 

to the adjacent possible explanation for such effects. Commenting on these processes Hargadon and 

Sutton (1997) concluded: 

―Scientists, artists and management consultants and others involved in creative problem- solving efforts 

often build innovative new ideas by recombining existing ideas. It is an old notion that innovations are 

built from existing works, but the image often remains of the lone genius inventing ideas from scratch. 

Technology brokering offers a perspective on innovation and innovators that recognizes the value not of 

invention but of inventive combination‖ (pg. 748). 

Understanding whether such effects can be achieved between different science, technology and 

innovation (STI) programs seems particularly relevant given the large number of different STI programs 

housed within NSF and other federal agencies and the potential for other synergistic impacts. 

3. Methodology 

Data related to our research objective were collected via a structured interview guide that was 

administered over the telephone by one of the project team members. The interview included a 

combination of open-ended and forced choice questions. The sampling frame was SBIR/STTR firms that 

received a SBIR/STTR Membership in I/UCRCs Supplement between 2008 and 2013. According to the 

data base provided to us by NSF, 72 firms met this criterion.
1 

Our preference was to interview the IAB 

representative (who was often also the PI) but interviewed the PI if the IAB representative was no longer 

available. In order to optimize our response rate, we followed a structured set of procedures to contact a 

SBIR/STTR representative and schedule a phone interview. 

                                                           
1 NSF‘s list included 72 members. However, some members had memberships in more than one center. If that was the case, 

we attempted to conduct the interview separately for each center. The N of targeted interviews was 74. 
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We were able to complete interviews with 61 out of 74 SBIR/STTR firms receiving the supplement, or  

an 82% response rate.
1 

Based on information we obtained during our follow up efforts we estimate 

nearly forty percent of the non-responding firms (4 of 13) were actually no longer in business. Thus, our 

response rate, based on firms that were still in business or firms absorbed by other organizations, would 

be 88%. 

During the interview we requested information in six domains: organizational and respondent 

characteristics; process of becoming a member; involvement in center; expectations and benefits (and 

costs) of participation; outcomes; recommendations to NSF. Before we began the interviews, we 

reviewed the abstract of the SBIR/STTR firm‘s proposal and their website and developed a summary of 

their technology and commercialization goals and confirmed our understanding of the technology at the 

beginning of the interview. During the interviews, the interviewer recorded answers to forced-choice 

questions into our database. Since we believed recording the interviews might seem overly intrusive to 

our respondents, interviewers simply entered as close to a verbatim account of the respondents‘ answers 

as possible. 

The qualitative narrative data that were recorded were eventually subjected to content analysis by 

members of our research team. In cases where respondents simply provided descriptions of benefits for a 

forced choice question, we cataloged these answers and selected representative quotes to be displayed in 

our tables. In cases where respondents provided answers to open-ended questions, we conducted a 

content analysis of these responses. The coding process involved: breaking responses into code-able 

fragments, generating themes/categories that reflected the narrative fragments, applying our codebook of 

categories to the data and reporting frequency counts that indicated how many and what percentage of 

the respondents provided an answer.
2
 

4. Findings 

Process of Becoming a Member 

Firms were introduced to the center they joined through a variety of mechanisms including contacts from 

the center, NSF announcements and introductions and via past or existing relationships with the center. 

Our data also suggest that SBIR/STTR firms previously had ties into the academic community: almost 

all firms reported either a great deal or a fair amount of experience collaborating with university 

researchers in the past. The vast majority of firms felt that they were either very well aligned or at least 

moderately aligned with the core research and technical interests of the center faculty and industrial 

members. There is little evidence the supplement is crowding out private sector support, since only 5% of 

firms reported they would have joined their center absent a subsidy. 

Involvement in Center Activities 

In general, most of the SBIR/STTR firms became actively involved in center operations. For instance, 

                                                           
1 Each membership was counted separately, even if one firm had memberships in more than one center. These multiple 

memberships account for the difference between the 72 firms on NSF‘s list and the 74 members contacted. 

2 Another member of the team repeated the coding process until we achieved an inter-rater agreement of 70% or better. 
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while almost half of the firms (44%) reported attending all of the industrial advisory board (IAB) 

meetings during their term of membership, the balance only attended some (38%) or attended some 

remotely (10%) or not at all (8%). The cost of traveling to meetings in other locations and occasional 

schedule conflicts appear to be the primary reasons for non-attendance. The vast majority of the 

firmsappeared to think attendance at the meetings was valuable, citing both the importance of the 

technical updates provided and the networking opportunities. However, interactions were not restricted 

to the semi- annual IAB meetings. Almost all the firms (97%) reported interacting with faculty/students 

in between these meetings with about half reporting some face-to-face meetings. Such interactions with 

other firms were reported by about half (48%) of all SBIR/STTR members with much of the interacting 

appearing to occur electronically. About half of the firms reported that center personnel appeared to go 

out of their way to enhance the benefits they received, with most simply citing the provision of general 

support and proactive access to center current and past research. 

Expectations and Benefits 

Some SBIR/STTR firms simply expected a match in interests or while others expected to obtain 

relatively concrete R&D-related benefits or commercialization-related benefits from their participation 

in an I/UCRC. In reality, members reported receiving a large and diverse collection of 

networking/human capital, R&D and commercialization-related benefits. 

The vast majority of SBIR/STTR members reported receiving a variety of networking and human capital 

benefits. For instance, on average firms reported making about 6 new faculty and almost 7 new industry 

connections. Importantly, our data suggest the vast majority of firms maintain these interactions after 

their membership in the center lapses. While it might be tempting to write these off as ―soft‖ benefits that 

do not have any R&D or commercialization implications, explanatory comments by respondents indicate 

this is not the case – SBIR/STTR members often commented on real concrete R&D and 

commercialization- related spillovers from these new relationships. This appears to be particularly the 

case for expanded networking with member firms which seemed to translate into concrete impacts with 

some regularity.  (See Table 3 below.) 
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Table 3: Networking and human capital benefits for SBIR/STTR I/UCRC members 

Networking and human capital benefits of I/UCRC 

membership reported by SBIR/STTR firms 

Percentage of firms 

reporting benefits as: 

Realized Anticipated 

Make valuable connections to university researchers and 

students 

84% 0% 

Make valuable connections to other center members 53% 3% 

Collaborate with or received support from faculty and/or firms 

on developing new SBIR/STTR or other research 

proposals 

43% 10% 

Make valuable connections to gov‘t agencies 30% 0% 

Hire or contract with any students or faculty from the center 27% 7% 

Participation in an I/UCRC appears to also have a positive impact on the R&D activities of the majority of 

SBIR/STTR members. The biggest effect of these impacts appears to be to make the firm‘s R&D efforts 

more efficient by allowing them to transfer needed research tasks to the center and/or by accelerating the 

completion of other internal research tasks and/or by providing access to valuable equipment or facilities that 

would otherwise be out of reach. Such impacts should allow SBIR/STTR firms to invest their limited time 

and resources more productively. Interestingly, in some cases the access to center research results in 

expanding or changing the firm‘s R&D reach into new areas or topics. While these effects are unlikely to be 

realized under their current SBIR/STTR award, they may result in future SBIR/STTR proposals and pay 

commercialization dividends in the future (See Table 4 below.) 

Table 4: R&D benefits for SBIR/STTR I/UCRC members 

R&D-related benefits of I/UCRC membership reported 

by SBIR/STTR firms 

Percentage of firms 

reporting benefits as: 

Realized Anticipated 

Save time or money on internal projects as a result of center 

research 

62% 2% 

Avoid internal R&D costs as a result of the center‘s research 56% 5% 

Use center‘s equipment or facilities that your firm would not 

otherwise have access to 

43% 7% 

Initiate new lines of research internally due to center‘s research 

findings 

38% 7% 

Participation in various I/UCRCs also results in commercialization-related benefits, either already realized 

or anticipated. Interestingly, the most widely cited benefit (mentioned by almost 70%) was identification of 

new applications for the technology they were developing. The majority of firms also reported 

improvements to their existing products, processes or services. Nearly half of all firms reported either 

exploiting center IP and/or using its research to create IP within their firm. While less frequent and more 

difficult to characterize in an executive summary, 20% to 30% of firms reported more concrete 

commercialization outcomes, including identifying new investors, adding jobs, and developing and 
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introducing new products. Not surprisingly, given the time needed to actually commercialize a technology, 

some respondents indicated they anticipated these impacts rather than had already realized them (See Table 

5 below.) 

Table 5: Commercialization benefits for SBIR/STTR I/UCRC members 

Commercialization benefits of I/UCRC membership 

reported by SBIR/STTR firms 

Percentage of firms reporting 

benefits as: 

Realized Anticipated 

Helped us identify new applications for the technology 

that we are trying to develop 

54% 15% 

Improve existing products or services 46% 17% 

Accessing center‘s IP or other technology 30% 20% 

Produce your own IP related to research at the center 26% 13% 

Improve operational or manufacturing processes 22% 9% 

Identified parties that might invest in or otherwise support 

our commercialization efforts 

22% 12% 

Add new jobs 15% 10% 

Launch new products or services 12% 21% 

Helped us find an investor with whom we can apply for a Phase IIB 

SBIR supplement 

  

7% 12% 

 

7% 12% 

Comments provided by respondents suggested there is complex and sometimes synergistic interplay among 

the various benefits firms received. A more detailed analysis of the benefit reports seems to confirm this 

assumption. The typical firm reports 2.5 networking benefits, 2.2 R&D benefits and 3.6 commercialization 

benefits, with commercialization impacts almost always co-occurring with R&D and networking benefits. 

More convincingly, respondents often provided descriptions of how they benefited by weaving together 

descriptions of networking relationships that led to new or additional investors or R&D results that helped 

them identify dry holes that could have sapped much of their limited funding or R&D results that pointed to 

new and potentially more valuable applications of their technology. 

Negatives or Costs of Participation 

Fewer than half (41%) of all SBIR/STTR firms listed something about their I/UCRC experience that they 

considered negative or unproductive. However, on balance, most of the ―negatives‖ mentioned by firms 

were operational issues that can be fixed and do not appear to indict the structure and goals of the 

SBIR/STTR Membership Supplement. Typical operational complaints include: not following through on 

agreements/promises; poor communication; or too limited influence on center research project selection. 

Other concerns were related to structural issues, like the nature of I/UCRC standard membership agreement, 

the number of years the supplement covers, the extra burden of travel costs, or the perceived inferior or slow 
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research progress, were mentioned less frequently and may be more difficult to solve. 

Other SBIR/STTR Membership Supplement Outcomes 

In spite of what appears to be a very positive experience on the part of the SBIR/STTR participants, 

relatively few firms elect to pick up the cost of their membership out of their own funds. Among the firms 

that had completed their supplement-supported memberships only about 15% actually continued their 

membership for at least one year when the SBIR/STTR supplement ended. Most firms cite financial 

reasons for the decision to not continue. Interestingly, about one-third of firms explained that their need for a 

formal membership was reduced because they continue to interact with center stakeholders informally. This 

trend is reinforced by other data that suggests as much as 80% of the firms continue to have post-membership 

interactions with faculty/students or member firms. This appears to suggest that the human capital benefit 

established through the center remains active and may continue to pay dividends that outlast the center 

membership. 

Nonetheless, the vast majority of the firms, approaching 90%, who participated in the SBIR/STTR 

supplement reported that what they got out of their I/UCRC membership was worth the time and money they 

invested in it. The enthusiasm of some firms was impressive with one representative responded: ―I would tell 

almost any small business to do it. This center is great. A small business would be foolish not to take 

advantage.‖ 

SBIR/STTR members also offered suggestions for improving the supplement. While most suggestions for 

improvement centered on lengthening or expanding the supplement to cover costs like travel (40%), some 

firms were interested in seeing improvements made to the way SBIR/STTRs are matched with centers or to 

the onboarding process that is followed for them as new members. Others suggested more flexibility in the IP 

language of the membership agreement or in the number of centers a firm could join. 

5. Conclusions, Policy Implications and Directions for Future Research 

The SBIR/STTR Membership in I/UCRCs Supplement is a five-year old experiment that attempted to 

―accelerate the innovation process by partnering industry-relevant academic research with 

commercialization focused small business research‖ by creating a synergistic partnership between two IIP 

programs. We attempted to evaluate the supplement through the lens of theories of change (TOC) that 

involved an attempt at need-based incremental program innovation and synergy-based combinatorial 

program innovation. In our view, the supplement appears to do a little of both, it meets some pressing but 

specific needs among I/UCRCs while producing what seems to be social network-driven synergistic benefits 

for SBIR/STTRs. 

Benefits appear to be numerous and diverse for the SBIR/STTR firms that chose to request a supplement 

from NSF. Most firms ultimately report receiving multiple social networking/human capital, R&D and 

commercialization benefits and nearly 90% indicated their participation was worth the time and money they 



 11 

invested in maintaining their membership. In addition to benefits we anticipated firms would realize like 

accelerated R&D and improvements to existing products/services, members reported some unexpected 

benefits including augmented R&D capabilities, enhanced market intelligence, development of new research 

directions and insight into new applications for their technology. Importantly, while SBIR/STTRs typically 

do not continue their formal membership, most report continuing informal collaborations with center faculty 

and firms. While a longer follow-up period will be needed to assess the true value of the supplement, access 

to faculty/student and industry social networks and human capital and cutting edge center R&D, coupled 

with the SBIR/STTR‘s single minded focus on commercialization appear to have had a positive and 

synergistic effect on these firms. Based on these findings and recommendations made by I/UCRC directors 

and SBIR/STTR representatives we offer the following recommendations: 

Recommendations for IIP 

Convert the SBIR/STTR Membership in I/UCRCs supplement to a permanent supplemental opportunity 

Consider lengthening the membership period Review supplement goals and decide on an appropriate level 

of funding for supplement Provide more guidance about the eligibility, funding periods, and best practices 

Facilitate the matching and on-boarding Encourage other Federal SBIR-sponsoring agencies to develop 

similar supplements Consider evaluation of longer-term impacts. 

Recommendations for NSF 

Look for additional opportunities for synergistic effects between various NSF programs 
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Kingenta Group is a quoted company in stock market focusing on new fertilizer resources, who is in 

the first rank in both production and market for many years. It has been recognized as one of the 

fastest growth and the most innovative company in fertilizer in China. The process of technological 

innovation in Kingenta combining with independent innovation with government, industry, university 

and research,  is exactly a good example of Triple Helix Theory. 

First, Kingenta benefits from industry policy with the aid of government. Its innovation outcomes and 

outstanding performance help it gain highly support of many departments, such as National ministry 

of Agriculture, the National Development and Reform Commission, Ministry of Science and 

Technology, Ministry of Industry and the Ministry of Finance. Since 2006, a demonstration promotion 

of low(control)-releasing fertilizer has been raised by Ministry of Agriculture, along with 23 region 

soil and fertilizer sectors nationwide. In 2013, ―a pilot grant for using effective low(control)-releasing 

fertilizer‖ policy has been taken in the central number one file, promoting the development of the 

industry.  

Second, Kingenta combines with intellectual capital of universities. Now, Kingenta develop strategic 

cooperation with 6 universities, such as Cornell University . It also establish long-term cooperative 

relationship with 40 scientific research institutions like the National Center for Hybrid Rice, 

establishing a vertical innovation structure with integration of ―industry- university- research 

institution‖, ―overseas- internal‖ and ‖upstream- downstream‖. Kingenta increases the impact and 

momentum of R&D through its association of ―industry- university- research institution‖, taking 3% 

of sales revenue as their R&D fund, most of which is in fertilizer industry. Besides, Jingenta brings in 

specialist advisers to plan, test and manage the process of its cooperation with universities and 

research institutions, providing a ideal channel for transferring research achievements into practice 

application.  

Third, Jingenta makes most of scientific research projects into industrial application to form new 

fertilizer industry. Since 2002, Jingenta has made it their mission to ―innovate in agricultural science‖, 

it also has  got a number of scientific research projects at the state level. Now it owns a great quantity 

of leading technologies in the areas of compound fertilizer, slow release fertilizer, water soluble 

fertilizer and phosphorus chemical industry. 

Forth, Jingenta builds a platform of sci-tech innovation. It construct a framework consisting of 

innovation core layer, Innovation support layer and innovation cooperation layer, which are separate 

but cooperate with each other. Thereinto, its National Slow Release Fertilizer Engineering Research 

Center belongs to Core layer. Support layer includes Postdoctoral and province academician 

workstation and Jingenta fertilizer R&D center in Beijing, Israel and America. Cooperation layer 

mainly makes up of research institutes and universities like Shandong Agricultural University and 

China Agricultural University. Those three layers working in strategic innovation cooperation but with 

respective innovation target, under the uniform deployment of the innovation platform, form an open, 

transparent and flexible innovation system, which becomes a good platform for the development and 
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innovation of the industry. 

But there still some problems exist in the application of Triple Helix Theory in Jingenta. First, 

Agricultural policy implementation does not reach the designated position, locking innovation impetus. 

And the farmers‘ indifference of innovation makes agro-technology extension system not fluent, 

resulting in mismatching between the investment in agriculture and the development of modern 

economic crops. the formation of agricultural innovation is hit by the double blow of deficiency of 

industry policy and agriculture output. Second, the insufficient agro-chemistry service reduced the 

efficiency of innovation outcome. Although pursuing efforts from agro-chemistry service, it is hard to 

be popularized so that the research achievements cannot transfer to practical productive forces finally. 

Third, the group is easily fall into innovation trap. In the industry of compound fertilizer, many firms 

including Jingenta expected to survival through differentiated product. Once a perspective product 

gets into the marketing, it is easily to be imitated by other firms, with a mass of followers. The early 

investment imposed the firms heavy fund obligation.  

 For the future innovation optimization strategies of Jingenta, this paper puts forward the following 

suggestions. It should follow the three triple helix theory in the innovation of science and technology 

by balancing "value chain", constructing innovation "chain" ,focusing incentive on talent, innovating 

"entrepreneurial spirit to construct reshaping culture chain", " reconstructing international innovative 

vision" and other measures, and pay more attention to the multiple coordination of various three triple 

helix  so that it could form an organic whole, synergy innovation to achieve better innovation effect. 
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1. Introduction  

A relevant finding in the industry field, regarding the growth of cooperation between institutions, 

according to data released by Innovation Research (PINTEC), held every three years by the Brazilian 

Institute of Geography and Statistics (IBGE), supported by Financial of Studies and Projects (FINEP) 

and also by Ministry of Science, Technology and Innovation (MCTI). At PINTEC 2008, 10.1% of 

innovative industrial companies reported they had cooperated with some sort of partner, while at 

PINTEC 2011 this percentage increased to 15.9%. As investments by companies and universities grow 

on research projects carried out in partnership by these actors, the need to empower these institutions 

increases, to better manage such projects, aiming the results that were earlier set. 

In order to contextualize the research and identify the studies already conducted on this topic, several 

periodicals were reviewed, also significant researches were found (DAVENPORT, DAVIES and 

GRIMES, 1998; MORO-VALENTIN, MONTORO-SANCHEZ and GUERRA-MARTIN, 2003; 

BARNES, PASHBY and GIBBONS, 2006; ALBERTIN and AMARAL, HEINZ et al, 2006; HYVÃRI, 

2006; BARCZAK and WILEMON, 2001). However, 

only few of them treat about the management of collaborative projects. From the mentioned 

studies, the first four have, as unit of analysis, projects developed in partnership by universities and 

companies. 

The authors of the analyzed studies also describe, in the results of their research, the need of having 

more studies over the subject (DAVENPORT, DAVIES and GRIMES, 1998; MORO-VALENTIN,  

MONTORO-SANCHEZ  and  GUERRA-MARTIN,  2003;  BARNES, 

PASHBY and GIBBONS, 2006; ALBERTIN and AMARAL, 2010). From the proposed theme emerged 

the following research`s question: what are the practices used to manage collaborative innovation 

projects between universities and companies? Once at this point, as a general goal, we established to 

propose a best management practice guide for collaborative innovation projects between universities and 

companies. 

2. State of art 

Jones and Lichtenstein (2008) define collaborative projects as those where multiple organizations work 

together in a shared activity for a limited period of time. They also highlight that this type of design is 

increasingly been used to coordinate complex products and services in uncertain and competitive 

environments, as is the case of projects carried out between universities and companies. In the literature 

were found four studies about good management practices in collaborative projects between 

universities and companies (DAVENPORT, DAVIES and GRIMES, 1998; MORO-VALENTIN, 

MONTORO-SANCHEZ and GUERRA- MARTIN, 2003; BARNES, PASHBY and GIBBONS, 2006; 

ALBERTIN and AMARAL, 2010). 

The study of Davenport, Davies and Grimes (1998) reports upon a New Zealand`s government project, 

entitled Business Growth Program (TBG), which sponsors research on collaborative innovation. Each 
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project is performed by a business organization and a research institution. Considering the management 

practices, five collaborative success factors were considered vital for over 50% of managers. The factors 

were: correct selection of the collaborative partner; clear understanding of responsibilities; 

establishment of common tasks 

and objectives without hidden agendas; mutual respect and trust among partners; commitment of top 

management in all phases. 

Moro-Valentin, Montoro-Sanchez and Guerra-Martin (2003), from a literature review on the topic of 

cross-organizational partnerships between companies and research institutions, developed 10 

hypotheses related to the factors that may successfully lead these partnerships. In Table 1, they are 

presented, and divided into contextual and organizational factors. Contextual factors include some 

partners` resources and the contract to be taken into account before initiating the relationship, it means, 

the previous connections, reputation and proximity between partners. Organizational factors are 

organizational characteristics of partners‘ behavior and have influence over the behavior of other 

partners, such as commitment, communication, trust, conflict and dependence. 

Table 1: Best practices of project management identified in Moro-Valentin, Montoro- Sanchez and 

Guerra-Martin (2003) studies. 
Factors Good practices identified 

 

 

Contextual 

Previous cooperative experiences 

Partners‘ Reputation 

Objectives clearly defined 

Relationship`s Institutionalization (rules, politics, procedures, legal issues 

and well-defined administrative procedures) 

 

 

 

Organizational 

Commitment 

Communication 

High level of reliability 

Conflicts resolution 

Dependence  between  partners  (in  terms  of  financial  and  

intellectual 

resources, for example) Source: Elaborated by the authors based on Moro-Valentin, Montoro-Sanchez and Guerra- Martin 

(2003) 

The survey found nine most relevant best practices for the management of collaborative 

university-company projects, four of them considering contextual aspects and five related to 

organizational aspects. Some practices already identified in the study described above were also 

confirmed on this study, but some other factors are included, such as communication and conflict`s 

resolution. 

To carry out their study, Barnes, Pashby and Gibbons (2006) selected six projects participants of 

Warwick Manufacturing Group Program (WMG), which, since was founded in 1980, has been involved 

and investigating the collaboration between universities and industries, developing a solid reputation in 

this matter. The study`s goal was to test the influence that the success factors identified in the literature 

had on the outcome of each project. Five of the six cases studied were part of a large collaborative 
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program involving WMG and about 25 companies from the automotive sector. 

In each of the studied cases, the participants of the collaborating companies, academic researchers and, 

when applicable, all technical personnel who had been directly involved in the projects were subject to 

answer the interview`s questionnaire. The interview data were complemented by documentation in the 

form of a project meeting formulary, company records and direct observation of project`s status 

meetings in order to ensure proper triangulation of the results. The success factors found are presented in 

table 2: 

Table 2: Critical success factors (CSFs) identified in the Barnes, Pashby and Gibbons (2006) studies 
 

Key themes Sub-theme Critical factors identified 

 

Issues of cultural difference 

- Divergence in priorities/deadlines; 

- Public domain`s publication; 

- Lack of understanding about business requirements; 

- Lack of flexibility (company); 

- Rights of intellectual property and confidentiality. 

 

 

 

 

 

 

 

Partners Issues 

 

 

 

 

PARTNER 

EVALUATION 

-Cultural compatibility/operating mode; 

- Mutual understanding; 

- Expertise and complementary strengths; 

- Collaboration partners in the past; 

- High quality staff; 

- Strategic importance; 

- Complementary goals; 

- No hidden agendas; 

- Collaborative experience. 

 

PROJECT MANAGER 

- Trained in project management; 

- Diplomacy; 

- Experience in collaboration; 

- Multifunctional experience. 

 

 

 

 

Project`s 

development and 

execution. 

 

 

 

 

 

PROJECT 

MANAGEMENT 

- Objectives clearly defined; 

-Responsibilities clearly defined; 

- Plans of projects mutually agreed; 

- Realistic objectives; 

- Adequate resources; 

- Defined project`s Milestones; 

- Simple collaborative agreements; 

- Regular monitoring of progress; 

- Effective communication; 

- Insured employees‘ deliveries. 

  

WARRANTY OF 

EQUALITY 

- Mutual benefit; 

- Equal power/dependence; 

- Equality of contribution. 

EXTERNAL 

INFLUENCES 

- Market needs; 

- Corporate stability. 
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Universal Success Factors 

- Mutual trust; 

- Commitment; 

- Flexibility; 

- Learning; 

- Staff`s continuity; 

- Good personal relationships/team work; 

- Collaboration; 

- Leadership. 

Source: Prepared by the author based on Barnes, Pashby and Gibbons (2006) 

In the study of Barnes, Pashby and Gibbons (2006), a greater number of best practices (or critical factors, 

as called by the authors) were identified as present and influential when managing projects. This is 

probably due to the establishment of analysis` categories defined by the authors as key themes, 

providing a larger analysis` structure, when considering the cultural difference issues, partner issues, 

project`s development and execution and universal success factors. This structure provides some insight 

about the factors that require special attention in the successful management of collaborative 

university-company projects, some of them appear in more than one category. 

The fourth identified study was based on the study of Barnes, Pashby and Gibbons (2006). In their 

research, Albertin e Amaral (2010) examined two projects, called "Ideals and Portal of Processes", 

belonging to a research program from the University of São Paulo (USP) entitled EI-2. On project A, 

from forty critical factors surveyed, only four were considered present and influential: complementary 

expertise and complementary objectives (partner evaluation theme), understanding of 

academia-business imperatives (cultural difference theme issue) and contribution of equality (guarantee 

of equality theme). Besides these, other factors were identified without being asked: having a full-time 

project manager with technical knowledge; clear definition of requirements early in the project and its 

maintenance over time; and having a development expert in the project area. 

In project B, thirteen of forty surveyed CSFs were considered present and influential in the  perception  

of  respondents,  such  as  known  and  accepted  goals,  realistic  objectives, 

responsibilities clearly defined, plans of projects mutually agreed, adequate resources and regular 

monitoring of progress (project management theme); commitment, staff`s continuity, good personal 

relationships between partners and collaboration (general aspects issue); negotiation (project manager); 

strategic importance (partner evaluation) and company`s flexibility (issues of cultural difference). 

Besides these, there was a missing CSF considered influential, the CSF learning - utilization. Relating 

project B, were not raised different CSFs because of its easily execution due to the shorter duration. 

In the next subsection, the analysis of best common practices found in four reported studies will be 

presented. 

2.1 Best common practices found in studies 

Based on the review of the good collaborative project management practices U-C identified on four 

analyzed studies, was prepared Table 3, which consists of a compilation of data obtained in the 

researches in order to compare information and define the most common practices found. 
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Table 3: Common best practices found in the reviewed studies 
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Project management 

Objectives Clearly Defined     

Responsibilities clearly defined     

Plans of Projects mutually 

agreed 

    

Realistic Objectives     

Adequate resources     

Defined project`s Milestones     

Simple collaborative 

agreements 

    

Regular monitoring of progress     

Effective communication     

Insured employees` deliveries     

  

Equality for the 

parties guaranteed 

Mutual benefit     

Equal power/dependence     

Equality of contribution     

External influences Market needs     

Corporative stability     

Source: Elaborated by the authors based on Davenport, Davies and Grimes (1998), Moro- Valentin,  

Montoro-Sanchez and Guerra-Martin (2003), Barnes, Pashby and Gibbons (2006) e Albertin and Amaral (2010) 

To reach this point, the study of Barnes, Pashby and Gibbons (2006) is a referential basis, as these 

authors applied the research to a greater number of collaborative projects and obtained a more complete 

list of best practices or critical success factors according the management of university-company 

collaborative projects. 

However, the study of these authors classified the critical success factors in four categories, as 

previously reported, but for this study in particular, was considered only the category "preparation 

and implementation of the project" since these are the best practices to be used as the object of analysis 

in this research. Almost the totality of best management practices identified in other studies were also 

found in Barnes, Pashby and Gibbons (2006) research, except for one of them: conflict resolution 

(Moro-Valentin, Montoro-Sanchez and Guerra- Martin (2003), which was included in the main model. 

Next, the methodological procedures that guided the research are presented. 

3. Methodological Procedures 

To answer the research`s question, attend to the established objectives and contribute to the discussions 

concerning the subject a multiple case study was realized with four collaborative research projects 

between universities and companies, carried out in three different universities, of which two projects 

were well succeeded and two were not, from the management point of view. As a result, investigative 
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interviews were conducted with those involved in each project. These interviews were prepared with the 

support of three management experts on collaborative projects, which validated best practices found in 

the literature. The data were transcribed and analyzed by content analysis (Bardin, 2011). The data were 

transcribed and analyzed concerning the theoretical review carried out, that used as base several studies 

on collaborative management U–C projects, Davenport, Davies and Grimes (1998); Moro-Valentin, 

Montoro-Sanchez and Guerra-Martin (2003); Barnes, Pashby and Gibbons (2006); Albertin and Amaral 

(2010). Following, will be presented the analysis and interpretation of the findings from this research, 

through the analysis of the four projects that are the objects of study from this research and a 

comparative analysis between them. 

4. Findings and Interpretation 

From the study cases, it was possible to identify common characteristics of project management that 

determine whether the management results of collaborative projects U-C are successful or unsuccessful. 

In Table 4, it was related key practices identified. 

Table 4: Best practices identified from projects analysis 

Management Practice Project A Project B Project C Project D 
Clear and realistic objectives X  X X 

Responsibilities clearly defined X X  X 

Clear contractual instruments X X  X 

Defined Project`s Milestones X    

Communication X  X X 

Personal contact X X X X 

Data registry X  X X 

Opening meeting X X  X 

Access to a Project management software X X X X 

Periodical meetings X X   

Clear and well defined processes of Project 

management 

 

X 

 

X 

 

X 

 

Reports  X   

Manager responsible for the project   X  

More interaction between the partners    X 

Source: Elaborated by the authors (2015). 

From the information gathered, it was possible to identify practices or characteristics that have occurred 

in both successful and unsuccessful projects, therefore, cannot be indicated as responsible for the failure 

of management, to exemplify, can be mentioned the case of projects that are financed by financing 

agency and suffered a delay in the deposit of resources. 

Were also identified best practices in a successfully managed project, that did not occur in the others and 

that have not been mentioned as missing in unsuccessful projects, or vice versa. Examples are the 

practices to define the steps of the project and its evaluation. On the other hand, several practices were 

found in successfully managed project`s study cases and were reported as missing by respondents of 

projects unsuccessfully managed: clear and realistic objectives; responsibilities clearly defined; clear 

contractual arrangements; communication; personal contact; recording data; realization of the project`s 
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opening meetings; access to a software or a project management platform; processes of the University 

sector of project management well defined. 

From the fourteen practices identified in the study, nine practices listed above were cited in all the 

projects or were cited in successful and unsuccessful projects, at least. All these practices were cited on 

three projects. The practices "defined project`s milestones", "reports", "manager responsible for the 

project" and "more interaction between the partners" were indicated only in one case each. For this 

reason, they were not included in the guide of good practices resulting from this research. Moreover, 

the practice "regular meetings" has been highlighted in cases A and B, which were the cases of 

successful management designs. Therefore, this practice has been included in the guide of good 

practices. 

Of the nine listed good practices from the literature review and validated by the collaborative 

management experts U-C projects, six were identified as good management practices in the projects that 

are subject of study of this research. In addition, four other good practices were identified in four 

projects analyzed: the realization of the project opening meeting, data registry, the existence of 

well-defined processes of the university's project management sector and the use of software or a project 

management platform. 

The opening meeting was not mentioned by any of the studies reviewed, however, is an established 

practice and suggested by the PMBOK (2012). Data registry is nothing more than a formality required 

and may be made by means of documents or software. This practice is also 

part of the PMBOK guidelines (2012). In most reports of respondents, the need for formalization of 

the registered data should not be confused with increased bureaucracy. Registration is important in order 

to have a history of projects, thus minimizing problems with the replacement of people, for example, 

and to facilitate the realization of future projects between partners. 

Guerra-Valentin, Montoro-Sanchez and Guerra-Martin (2003) have already highlighted the importance 

of clear definition of administrative processes. However, as other studies reviewed had not mentioned 

this practice, it was not included in the present study script. Anyway, this practice has been reported 

several times by respondents, indicating that well- defined management processes collaborate for a 

successful management of collaborative projects. 

The use of project management software had not been mentioned in any literature reference, however, 

in this study, was cited by all respondents, even without being asked about it. The use of software is 

important, according to respondents, as it enables monitoring and the strategic evaluation of actions. 

Another possibility to monitor projects is reporting from records already made, which optimizes the 

time of managers and facilitates dissemination of results among the team. It was also suggested that this 

type of tool could be used in extranet mode, to expand its use, besides functioning as a possibility of 

communication between partners. 

Communication, besides, was one of the most present good practices in successful projects. In the 

unsuccessful, the lack of communication was also widely quoted, confirming what studies on best 
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practices had already been presented, as well as found on Costa, Porto and Feldhaus (2010). The 

personal contact, in this view, was appointed as essential in this process, as had stated Xavier et al 

(2014), as well as meetings and the preparation of monitoring reports (Amaral et al, 2011). The need for 

a formal agreement between the parties, as evidenced by Kerzner (2006), Costa, Porto and Feldhaus 

(2010) and Amaral et al (2011), was indicated by all respondents. This practice was highlighted as 

necessary to formalize objectives, the defined responsibilities, the work plan, the expected results and 

the necessary and available resources. All this information had been raised in the literature review as 

best collaborative management 

projects practices and were also mentioned in the analysis of projects. However, these practices were 

considered implicit for what is expected of an effective project. So its description in a contract to be 

celebrated in the project opening meeting between the university and the company is a stated practice. 

Last but not least, it was evident the need to establish clear objectives and responsibilities. These 

two practices were mentioned in all studies reviewed and confirmed in this study. Is worth mentioning 

the need of periodic reviews and refinements of defined objectives and responsibilities along the 

projects. The communication again enters as a fundamental practice for these other practices to get 

improved. In Table 5, it was related the ten selected practices, with a brief explanatory description of 

each of them and with a small account of its importance for the management of collaborative U-C 

projects. 

Table 5: Description and importance of best practices identified 

Good practices of 

collaborative project 

management U–C 

Description  

Importance 

 

Clear and realistic 

objectives 

Clearly define the project 

objectives before starting and 

conduct its review during the 

execution. 

 

Be clear about what will be done and 

what is wanted to be achieved. 

 

Responsibilities Clearly 

defined 

Clearly define who does what in 

project execution, especially by 

the company and the university. 

Be clear about the responsibility of each 

person in the project team, also ensuring 

that all institutions involved contribute 

and benefit. 

 

Clear contractual 

instruments 

Set clear, simplified contracting 

instruments to assist and facilitate 

the implementation of projects. 

Owning a formal document to be signed 

by those involved in the project, aiming 

to clarify and ensure the rights and 

obligations of the partners. 

 

 

Communication 

 

Keep those involved informed of 

the project. 

Create easy, varied and accessible 

channels for communication between 

partners and stakeholders of each party 

internally, to facilitate the project 

execution process. 
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Personal contact 

 

Conduct visits and regular 

meetings for partners, 

participating of the activities 

fixed in each of the institutions. 

Promote personal contact, because it 

stimulates and benefits involved, 

passing to better understand the needs 

and limitations of the partners, and 

because it can help to streamline the 

activities and solve problems. 

 

 

Data Registry 

 

Record all the information on the 

design, definition, progress and 

project closure. 

Record the information facilitates 

communication between partners and 

enables everyone involved to become 

aware of the project, including when a 

member exits the team. 

 

 

Opening meeting 

Perform project opening 

meeting to formalize the 

objectives and responsibilities of 

the parties in the project. 

Score, define and clarify the objectives 

and responsibilities of those involved 

allows for a more effective 

implementation. 

 

Periodical Meetings 

Regularly monitor the progress 

of the project, monitoring the 

performance of activities and 

steps. 

Enable monitoring of the project by 

those involved as well as the evaluation 

of activities and to propose solutions or 

possible changes. 

Access to a 

software or a platform of 

project management 

Have web tool for the record, 

optimizing and sharing 

information related to the 

projects. 

Facilitate registration, consolidation, 

distribution and evaluation of the 

project, in its implementation and after 

its closure. 

Clear and well 

defined processes for 

Project management 

University sector 

Detain clear and consolidated 

processes to guide the 

management of collaborative 

projects U-C by the university 

project management sector. 

Clarify the activities and management 

procedures, facilitating the conduct of 

activities and responsibilities and 

information flow. 

Source: Elaborated by the authors (2015). 

After defining the ten best collaborative practices of project management U-C presented in Table 6, with 

their description and explanation of the importance of each of them, it was possible to suggest, from 

this study, that best practices are not one a relation to be fulfilled in order of importance or sequence. 

Best practices should be observed and reviewed repeatedly and progressively from conception through 

execution and ending with project closure, working as a guide to best practices, as proposed in Table 6. 

Table 6: Guide of best practices 

Management good practices Classification 
Well defined processes of the Project 

management sector 

 

Previous to the realization of the project 
Project management Software or platform Previous to the realization of the project 
Opening meeting Previous to the realization of the project 

 

Definition of clear and realistic objectives 

Previous, with the possibility of been revised and 

improved during the execution of the project  

Responsibilities clearly defined 

Previous, with the possibility of been revised and 

improved during the execution of the project  

Clear contractual instruments 

Previous, with the possibility of been revised and 

improved during the execution of the project Periodical meetings of monitoring During the management process 

Intense Communication Previous and during the management project 
Personal Contact Previous and during the management project 
Data Registry Previous and during the management project 
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Source: Elaborated by the authors (2015) 

The best practices guide proposed is a reference to the successful management of collaborative U-C 

projects. In total, there are ten best practices suggested by theoretical review and the study of multiple 

cases. As shown in table 7, the practices were classified as "previous" and "during process". Previous are 

best practices prior to the execution of the project, involving partners` management culture and a clear 

project design, by defining objectives and responsibilities. During Process practices are those that must 

occur for the entire duration of the project, in order to qualify their achievement and achieve the results 

without difficulty. 

However, it is important to note that the practices are not static to the respect proposed classification 

(previously or inherent in the process), as shown in table 7. The regular monitoring of the project 

through meetings, communication between partners and personal contact, may result in improvement, 

in the review or to change the objectives and responsibilities previously determined. It should be noted 

that any changes should always be recorded and formalized, which implies, in many cases, the review 

of formal documents relating the project, such as additives in the opening term and agreements between 

the parties. In this regard, the software, or project`s web management platform, is an important ally. 

Its main objective is to provide for those involved access to project`s historical data and provide 

emission of monitored report and performance indicators reports. 

The main contribution of this study with respect to the already existing literature is the exclusive 

identification of best U-C collaborative management practices. The studies of Davenport, Davies and 

Grimes (1998), Moro-Valentin, Montoro-Sanchez and Guerra-Martin (2003), Barnes, Pashby and 

Gibbons (2006) and Albertin and Amaral (2010), used as reference, were not exclusively focused on the 

management of projects. Also were considered in these studies, factors related to facilitators and 

barriers to university-industry relationships. In this study, however, was sought to be developed a guide 

for the management of collaborative U-C projects, regardless of environmental conditions and 

pre-existing relationships. 

5. Conclusions 

The general purpose of this study was to analyze the practices used to manage collaborative innovation 

projects between universities and companies and to propose a best management practice guide. This 

study was motivated by the growing number of such projects and the limited number of studies on the 

subject, comparing to the research about general project management. So, in this context, to support 

the study previous studies on management of collaborative projects were studied and utilized. 

To carry out the research, was applied the multiple case study of qualitative and descriptive nature, using 

four cases of collaborative innovation U-C. The selection of these cases was for convenience, and 

responded to the interview four project managers of the participating universities of research that 

indicated the four projects, four researchers and three businessmen. Successful management practices 

were identified from the analysis of successful and unsuccessful projects from the viewpoint of 
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management. Practices already recognized were confirmed, and were identified new practices. 

Continuing, it was possible to carry out the proposal of a guide of best practices for the management of 

collaborative innovation U-C projects, through the definition of ten best practices, six of them prior to 

project execution (well defined processes of project management, opening meeting, formal agreement 

signed by the parties, or a management software platform, objectives clearly defined and responsibilities 

clearly defined) and four best practices to be used during execution (data registry, meetings and 

monitoring reports, intensive communication and personal contact). 

From these findings, from a theoretical point of view, this study provided an opportunity to develop 

a relevant research to add new knowledge to previous studies, an improvement over the available 

literature on the subject (DAVENPORT, DAVIES and Grimes, 1998; MORO-VALENTIN, 

MONTORO–SANCHEZ and GUERRA-MARTIN, 2003; BARNES, PASHBY and GIBBONS, 2006; 

ALBERTIN and AMARAL, 2010). From the four study cases, it was possible, as well as the 

confirmation of the best practices already found by these authors, contribute to the literature, to identify 

new best practices and organize them into a stream, which can be used as a best practice guide if 

followed and observed the way it was proposed. Furthermore, it was found that other factors, not 

directly related to the practices, influence this process. 

From a management point of view, from these results, this study contributes for project managers from 

universities, entrepreneurs and researchers to manage their collaborative projects based on the proposed 

guide. The guide provides a practical and effective management of the development of collaborative 

U-C projects, which therefore develops and consolidates relationships with partners. From the 

perspective of public management, this research may contribute to the assessment of development 

agencies about the decision of what projects to be contemplated, given that universities and companies 

that use the guide to best collaborative management practices U-C proposed in this study will have 

higher chances of getting positive results in their development, not necessarily reaching the point of 

view of expected goals, but the optimization of available resources, at least, ensuring that everything 

possible was done for the project to be conducted to achieve the results. 

Although they were found important contributions and results, the study also has limitations, which 

implies that the findings of the research cannot be generalized. The first limitation stems from the fact 

that some of the projects enjoyed of external finance promotion and one of them not. As the delay in 

the filing of resources involving funding agencies was cited as a case of difficulty, it may be influenced 

the management of this project to be unsuccessful. Another important limitation is the characteristics of 

companies and researchers participating in the projects. A company is resident of a well-structured 

technology park, within the university and has consolidated experience in collaborative work. Two 

other companies, although they have experience in carrying out innovation projects, have limited 

experience in relationship and management projects with universities. In addition, a project was 

conducted in partnership with a large number of business partners, and it was not possible to interview 

any of them in the period of the data collection. 
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With regard to researchers, making the research of their profiles, significant differences were found, 

such as the quantity of time involved on the project, a training area related to the project and experience 

in collaborative U-C projects. All the universities that provided study cases for this research had 

successful and also unsuccessful management projects, so it is possible to infer that the operating time 

of the project management sector and the professionals working on it do not influence the outcome of 

management. 

It is recommended to conduct more studies with a bigger number of projects. It is also suggested that the 

government should be included in this analysis, since the funding body of the project, and how he 

features the resources, monitors the implementation of the project and takes its accountability, directly 

influences the way the project is managed. Evaluate the profile and the management process by 

universities is also recommended. In future studies, it would be desirable to examine in more details 

the profile of these sectors, taking into account mainly the consolidation of the processes used by them. 

In addition, it is suggested to previously define the characteristics of projects to be analyzed, as the 

company's operating area, its proximity to the university and if the project has funding agencies of 

resources or not, since this factor was often cited by respondents. Finally, it is recommended to be 

analyzed projects managed using as a reference the guide of best practices resulting from this study, in 

order to certify it as a model tool. 
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1. Introduction  

One of the key links of university and industry relations is to transfer technology knowledge to 

commercial results. Technology transfer is one kind of knowledge transfer, which across the boundary 

and go beyond the knowledge transfer area [1]. The essence of technology transfer is communication 

between knowledge senders and knowledge receivers. During the technology transfer process, the key 

information or knowledge is often recorded in documentations as technology specifications or data in 

electronic information system [2]. 

In recent years, it is more and more popular to match the technology supplies and demands in internet 

platform. Among those, universities and research institutions are usually the knowledge senders who 

provide technology supply documentations, and the enterprises knowledge receivers provide 

technology demand documentations. The technology supply and demand documentations are the 

bridge of technology transfer in internet. Only if the knowledge receivers and senders understand and 

interpret the documentation accurately and precisely, they have the chance to transfer technology 

knowledge. 

Technology knowledge transfer is one tough type of communication process [3]. There are many 

factors influence technology transfer, and researchers found out that strengthens the communication 

between research institutions and enterprises can weaken the obstacles of technology transfer [4].  

Most of the previous studies are quality researches, due to the difficulties to quantify communication 

process. However, the boom of internet technology transfer makes the quantity research possible. 

There are abundant electronic technology supply and demand documentations in internet platform, we 

obtain them and analyze the language differences in quantitative methods. 

In big data era, we use web page language analysis methods to analyze the differences and main 

characters of technology supply and demand documentations. And we provide suggestions about 

improving the communication between universities and industries according to the research results. 

2. Methodology 

We assume that the language difference is the smaller for two texts with the more similar words. 

‗More similar words‘ can be explained in two aspects. Firstly, the words are the same themselves; 

secondly, the words have similar frequencies (word frequency). For example, the word ‗probiotics‘ is 

used in one text for five times, the word ‗probiotics‘ is also used in another text for five times. There 

are no language differences in the two texts aiming at the word ‗probiotics‘. Two texts have small 

language difference if all words in one text are the same as words in another text with similar word 

frequency.  

Communication difficulty of using these technology specifications is measured by comparing 

language difference in Technology Demand Specification and Technology Demand Specification. The 

language difference is smaller, technology supplier and technology demander can communicate more 

easily. 
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Fig. 1 Work Flow 

Popular TF-IDF and cosine similarity [5] methods in search engine are adopted in the paper aiming at 

language difference statistics of Technology Demand Specification and Technology Supply 

Specification. Overall process is shown as follows.  

TF-IDF [6] (term frequency, inverse document frequency) is a statistic method for evaluating 

importance of one word for one document in a document set or a corpus. TF - IDF is widely used in 

search engine for evaluating correlation degree between document and user query. The importance of 

a word is directly proportional to occurrence frequency thereof in the text (tf). Meanwhile, the 

importance is inversely proportional to frequency thereof in corpus (idf). 

In the paper, collection of technology demand specification and technology supply specification from 

January to December 2014 is adopted as corpus. Since ‗China IRC‘ had core concept that ‗technology 

supply‘ should be driven by ‗technology demand‘, each ‗technology demand specification‘ in the 

corpus is adopted as research object on the basis for analyzing the language difference among 

‗technology supply specification‘ produced over the same period on the basis.   

(1) Text participle and weight calculation based on TF-IDF  

Importance of a word ‗Ti‘ can be expressed as follows aiming at ‗Ti‘ in a technology demand 

specification ‗Dj‘: 

      
    

∑      
  (1) 

ni,j in the above formula is occurrence frequency of the word in document Dj. The denominator is the 

sum of occurrence frequency of all words in document Dj. Frequent words should be handled with idf 

when important keywords in one text are judged by word frequency. The words had high occurrence 
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frequency, but they did not belong to important words, such as ‗at‘, ‗it‘ and ‗company‘ frequently 

occurred in Technology Demand Specification. 

DF refers to document Frequency, which indicates universal measurement of a word in the corpus. DF 

of a keyword indicates the occurrence frequency of the keywords in the whole corpus. IDF (Inverse 

document Frequency) is the reciprocal of DF.  

TF value is multiplied by IDF, one score is calculated for each keyword. The score indicates the 

importance of the word in the Technology Demand Specification.  

                             （2） 

(2) Evaluation of similarity between Technology Demand Specification and Technology Supply 

Specification based on vector space model  

TF-IDF weight calculation is used together with cosine similarity frequently for judging similarity of 

two texts. We assume ‗Da‘ is one of the demand specification, ‗Da‘ can be expressed into a 

high-dimensional vector [Da1, Da2, Da3, Da4…Dan] in space vector model, wherein Dan indicates 

value of the nth keyword in the text. Db of another Technology Demand Specification also can be 

expressed into a high-dimensional vector ［Db1, Db2, Db3, Db4…Dbn］. The distance between 

high-dimensional vector [Da1, Da2, Da3, Da4…Dan] and high-dimensional vector ［Db1, Db2, Db3, 

Db4…Dbn］can be expressed with cosine value V (Dab).            
     

|  | |  |
  (3) 

Mean value of similarity between technology demand specification Da and all other technology 

demand specifications is calculated, namely average similarity between technology demand 

specification Da and other technology demand specifications. 

Averdemand(Da) = [    ）+     ）+     ）+…+     ]/n  (4) 

Similarly, we can calculate mean value of word similarity between one technology demand 

specification and all other technology supply specification (Sa, Sb and Sc - Sn). 

Aversupply(Da) = [    ）+     ）+     ）…+     ] /n    (5) 

Therefore, Da can be regarded as reference for obtaining language difference between technology 

demand specification and technology supply specification corresponding to Da:  

DistDa= Averdemand(Da) - Aversupply(Da)   (6) 

(3) Difference analysis between demand mean value and supply mean value  

Similarly, difference of technology demand specification and technology supply specification aiming 

at each demand can be obtained. The example is shown as Table1. 
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Table 1. Difference Example of Technology Demand and Supply Specification 

Demand specification named as 

Da 

Averdemand(Da) 

Average similarity 

between Da and other 

Demand Specifications 

Aversupply(Da) 

Average similarity 

between Da and other 

supply Specifications 

DistDa = 

Averdemand(Da) 

- Aversupply(Da) 

 

Join development of High rate, 

long life, low temperature 

lithium ion batteries 

0.242038365 0.243118293 -0.085942 

Treatment and remediation of 

oil contaminated soil 
0.157175822 0.146778247 0.04959 

Joint development of intelligent 

tire production line 
0.196365405 0.18220695 0.0247 

A sensing temperature cable 

with CTR property and its 

preparation method 

0.206493752 0.174601461 0.03676 

The sludge index and 

biological foam of sewage 

treatment plant in winter 

0.211361591 0.192272915 -0.018268 

3. Findings And Interpretation 

(1) Language differences are widespread.  

Difference between languages of technology demand specification and technology supply 

specification can be discovered through the analysis of the difference between supply and demand. 

Annual technology demand specification in 2014 is adopted as data sample here, which includes a 

total of 2076 pieces in dozens of directions such as electronic information technology, agricultural 

technology, biological technology, etc. 

Firstly, average difference values Averdemand(Da) of each sample Da corresponding to other 

demands are sequenced from small to large in order to display difference between demand language 

and supply language corresponding to technology demand specification more intuitively. The abscissa 

is sample of technology demand specification, the ordinate indicates demand difference average value 

Averdemand(Da) corresponding to the sample. The following curve graph can be obtained. 

 

Fig. 2 Demand Specification 
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Average difference Aversupply(Da) of each sample corresponding to other supply is displayed, and 

the following curve is obtained. 

 

Fig. 3 Demand/Supply Specification 

It is obvious that the part between two lines is language difference between technology demand 

specification and technology supply specification. The coincidence point of the two line shows that 

there is no language difference.  

Another expression mode is shown as follows: sample of technology demand specification is adopted 

as abscissa, the difference DistDa between difference mean value of each demand and difference mean 

value of each supply is regarded as ordinate. Language difference bar chart of supply and demand can 

be obtained as follows Fig.4. 

There is nearly no part with zero difference value. 

 

Fig. 4 Difference between Demand and Supply 

(2) Language quality of technology supply is higher than language quality of technology demand.  

When the ordinate is negative, it is obvious that each technology demand specification is more similar 

to other technology supply specification in language because the ordinate DistDa= Averdemand(Da) - 

Aversupply(Da). It is obvious that each technology demand specification is more similar to other 

technology demand specifications in language when the ordinate is positive.  
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Histogram is formulated as follows according to language difference values.  

 

Fig. 5 Language Difference Histogram 

Histogram shows that language difference of demand and supply is mainly distributed in intervals 

greater than 0. Scope larger than 0 represents that the average difference among demands is larger than 

average difference among supplies. 

 

Fig. 6 The Difference between Demand and Supply Language 

Specifically, it is obvious through pie chart that possibility of higher than zero is 89%, the possibility 

of being smaller than zero is only 11%. It indicates that difference of demand documents has larger 

influence on poor communication. Demand-Supply document difference value distribution should be 

similar to the demand-demand document difference value mean distribution when the specification is 

described by demand documents. The difference value mean among demand documents is 

characterized by wide distribution and high mean value. It is obvious that substandard description 

among demand documents is more common. Namely, term, professional description, etc. of 

technology demander on technology demand are lack of effective information, and the demand 

documents are uneven. 

(3) Industry difference analysis of language. 

Sources of these differences are further analyzed according to industries in technology demand 

specification. We select 'arithmetic mean value‘ of each industry difference for statistics of average 
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language difference of each industry. The average deviation is close to zero, it is obvious that the 

language difference between technology demand specification and technology supply specification in 

the industry is smaller. Technology supplier and demander can achieve free communication more 

easily in the industry, and the communication cost is lower. 

Meanwhile, we select ‗standard deviation‘ of each industry for measuring stability of the selected 

sample, namely the deviation degree of the selected sample value from ‗arithmetic average value‘. 

Standard deviation of the industry is smaller, it is obvious that the gap between current sample 

difference and ‗average numerical value‘ in the industry is smaller, and sample stability is higher, 

‗average numerical value‘ can express actual condition of the sample more actually. 

Table 2. Difference of Technology Demand and Supply in Each Area 

Area 

Average value of 

demand and supply 

difference 

Standard deviation of 

demand and supply 

difference 

The number of 

area 

Urban construction and 

social development 
0.013024767 0.032442227 5 

Electronic equipment 

and test instruments 
0.016971149 0.029573787 68 

Nonmetallic material 0.005998518 0.014668379 12 

Aerospace Technology 0.017995754 0.007151975 3 

Environmental 

protection and 

resources 

0.012635104 0.031494672 97 

Software and network 0.009832553 0.031131242 45 

Metallic materials 0.018180421 0.03113293 14 

Storage and processing 

of agricultural sideline 

products 

0.030141546 0.067119006 21 

Agricultural 

Engineering 
0.029186051 0.056210391 394 

Others 0.016289047 0.045096818 56 

Light industry and food 

technology 
0.034988184 0.063445136 13 

Biotechnology 0.02277263 0.050192781 60 

Water pollution control -0.002705167 0.014010528 26 

Advanced 

manufacturing 
0.019293823 0.035948022 674 

Transportation 0.023601252 0.051065346 14 

New materials 0.017006188 0.027171127 310 

New energy and energy 

saving 
0.01286293 0.023783004 127 

New medical 

instruments 
0.018932192 0.032972991 14 

Medical technology 0.014236061 0.024818814 78 

Automatization 0.011588493 0.021517488 45 

Total 0.019364148 0.039436201 2076 
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Fig. 7 Area Language Difference 

It can be found from the figure that technology supplier and technology demander have larger 

language difference agricultural technology, biotechnology and other industries, and it is more 

difficult for them to achieve communication.  

Histogram shows that sample difference values are mainly concentrated in the interval [0-0.02]. 

Industries in the interval mainly include electronic information technology, new energy, new materials 

and advanced manufacturing technology. Suitable technology can be discovered from technology 

suppliers more easily in the above industries compared with agriculture, biotechnology, etc. Therefore, 

the communication cost is relatively low.  

4. Conclusions and Suggestions 

According to the results, there are lots of language differences between technology supply and demand 

specifications, which may lead to communication breakdowns and mismatch of the technology 

transfer. The reasons behind the differences can be as follows: different education backgrounds and 

technical levels of the documentation writers, different technical development level of each industry 

and unbalance development of certain industries. We highly recommend those who involve in 

technology transfer improve their communication and efficiency in following ways. 

(1) Improving the quality of technology demand documentations 

Our results show that the technology supply specifications are more standard, professional and 

scientific, which are influenced by research training and scientific rules the writers received and 

occupied. By contract, the technology demand specification writers are from different industries and 

have varied education backgrounds, it is very likely that they are short of professional trainings and 

unaware of scientific terms. Therefore, we suggest the demand specification writers from the 

industries to seek help from expertise or related researchers to improve the accuracy of the technical 

demands. The government or the technology transfers platforms ought to provide more detailed and 

standard demand specification guide for different industries, especially provide guidance for middle 

and small-sized enterprises. 
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(2) Attach importance of the industry differences 

We found out there are industry differences among technical supply and demand specifications. When 

the industry has high average technical level, and balanced development level, the language 

differences between supply and demand specifications are relatively small. And if the industry has low 

average technical level and the development level of which is unbalanced, the language differences 

between supply and demand specifications are quite large. Significant differences of the 

documentations result in breakdowns of communications and mismatch of the technical supplies and 

demands.  

Take the water pollution control and prevention industry for example, our results show this industry 

have low level language differences between technical supply and demand specifications. According 

to the development report of ‗China water pollution control and prevention industry‘, the industry pays 

attention the technology innovation. Chinese government emphasizes on energy-saving and emission 

reduction in recent years, and the buyers of the industry have higher service and technology 

requirements, these two factors force the enterprises strengthen the technical research and 

development to develop the technical level[8]. As for light industry and food industry, our results 

show there are high-level language differences between technical supply and demand specifications. 

And researchers stated that light industry and food industry in China have overall low technology level, 

which can be proven by low independent innovation rate of key technology and equipment. These two 

industries have small scale and low level of concentration as well [9]. 

Based on above findings, it is essential to provide specialized help for different industries to enhance 

technology transfer. For those industries have significant differences in documentation, improving 

communication efficiency can make a significant change of technology transfer. 

(3) Segmenting technology supply and demand in technology transfer platform 

To reduce the impact of language difference and industry difference, segmenting the technical supply 

and demand is necessary. We think key words of the documentations are great predictors of 

technology transfer, the Internet platform can make itself more users friendly and easy to use by add 

segmenting technology supply and demand. 
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1. Introduction 

In the recent years, there has been a growing interest in University-Industry Linkages (UILs) in both 

academic literature and policy discourse. As documented in the Triple Helix literature, universities have 

become increasingly entrepreneurial over the last decades in response to changes in government policies 

meant to strengthen the link between academia and industry and to encourage greater involvement of 

universities in technology transfer (Etzkowitz, 1983, 1998; Slaughter and Leslie, 1997). In addition to 

universities‘ traditional role as producers of knowledge, there has also been an increasing focus on the 

universities‘ contribution to economic development through industrially relevant research which generates 

technological spill-overs or technology commercialization. However, while UILs are theoretically deemed 

to have a positive influence on the technology commercialization performance directly and indirectly 

through knowledge spill-overs, empirical evidence has produced mixed results. Additionally, 

over-involvement in UILs may result in trade-offs such as the neglect of academic research or a decline 

in the universities‘ contribution to public science. (Nelson, 2004; Dietz & Bozeman, 2005) In light of 

this, one key challenge of universities is the need to find a good balance between the dual roles, as 

producers of knowledge and as a key player in industry collaborations, which they have increasingly 

assumed in the recent years. This highlights the need for a more nuanced understanding of university 

researchers who engage in UIL, especially vis-à-vis the nature of their research, to provide a more in- 

depth understanding of the relations between the research orientation of researchers, UILs and 

technology commercialization. 

Our paper will examine on the link between UIL and research orientation of individual researchers, 

contributing a new perspective to studies on UIL propensity. We posit two forms of research orientation, 

namely the orientation of research motivations (motivation-orientation) (ala Nagaoka, 2011) and the 

orientation of research outcomes (outcome-orientation) (ala Baba et al., 2009) to be analysed in the 

paper. 

Comparing these two forms of orientations and how they relate to UILs provides a deeper understanding 

on researchers who engage in UIL. Our study therefore serves as an extension of the current empirical 

literature on Stoke‘s (1997) Quadrant model of research motivations, by considering both motivation 

and outcome-orientation.  We  also  focus  on  the  orientation  of  individual  researchers,  

while  existing  studies have mostly used institutions (firms, universities and/or departments) as the 

unit of analysis (Di Gregorio and Shane, 2003; Friedman and Silberman, 2003). 

The paper is organized as follows. Section 2 briefly discusses the previous research vis-à-vis research 

orientation and UIL, paying particular attention to the theoretical background- Stoke‘s (1997) Quadrant 

Model of research motivations. Key research questions and relevant hypotheses are also developed and 

presented in the section. Section 3 describes the data and methodology while the subsequent section 

provides the empirical results of our analysis. Finally, Section 5 concludes with the implications, 

limitations and directions for further research. 
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2. Theoretical Background & Analytical Framework of paper 

2.1 Stoke’s (1997) Quadrant Model of  Research Motivations 

Developments and changes in the economy, societal policies and research views through the years have 

raised doubts over Vannevar Bush‘s paradigm view of basic science and its role in technological 

innovations first articulated after World War II (Bush, 1945). Over the years, historians and  

academicshave challenged and question the framework‘s adequacy and applicability to science and 

technology policies while others sought ways to improve on the framework by attempting to recognize a 

more complex relationship between understanding and use. This view was echoed by Gerald Holton 

in his paper on Thomas Jefferson‘s vision of the Lewis and Clark Expedition, highlighting the importance 

for having a category of research that acknowledges both the pursuit of fundamental scientific 

understanding and basic research inspired by consideration of use (Holton, 1993). 

According to Stokes (1997), heterogeneity in research orientation of scientists cannot be explained fully 

by the one-dimensional model of scientific research initially proposed by Bush. Instead, Stokes argued 

that scientists should be classified according to a two-dimensional conceptual plane, where 

consideration of use and quest for fundamental scientific understanding lie in the horizontal and vertical 

axes respectively. Accordingly, researchers may be classified into four different categories as defined by 

their various research motivations i.e. Bohr, Pasteur, Edison and Other (Figure 1). Driven by their quest 

for fundamental understanding in scientific theories, Bohr researchers focus on conducting pure basic 

research with no consideration of the practicality of use. In contrast, Edison researchers are guided solely 

by applied goals and conducts purely applied research with no interest in furthering their understanding 

in, scientific theories. Known as the Pasteur‘s quadrant, the third quadrant represents the ‗hybrid‘ 

quadrant that spans the boundaries of basic and applied research with researchers who are highly 

motivated by both scientific and applied objectives. The last quadrant features research that is not 

inspired by the need for fundamental scientific understanding or advancing technological know-how, 

typically identified as the Others-quadrant. (Stokes, 1997) More importantly, in the triple helix 

framework, Stoke‘s quadrant model holds important implications for both the policymakers and 

universities. For policymakers, there is a need to ensure that science, technology and innovation policies 

are directed towards investments in science with problem-solving capacity. For a research-intensive 

university, a critical mass of Pasteur-quadrant research is important to sustain its role as knowledge 

creator while making tangible economic/societal contributions. An overemphasis on university- 

industry collaborations on the part of policymakers may drive universities to focus their efforts on 

recruiting only Edison type researchers which in the long run, may not be ideal for universities. 

2.2 University-Industry Linkages (UILs) and Research Orientation 

With the spotlight on UILs in the recent years, a burgeoning number of empirical literatures on the issue 

have surfaced with academics trying to understand and establish the link between UILs and related 

topics. For example, D‘Este and Patel (2007) looked at factors underlying the variety of interactions 
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with industry such as institutional and individual characteristics of researchers in the U.K. Others like 

Belkhodja and Landry (2007) investigated the determinants of collaboration between natural sciences 

and engineering researchers in Canadian universities, government agencies and industry. Many of these 

studies have concentrated their efforts heavily on studying the different drivers of UILs and identifying 

firm, industry and university specific characteristics which aid in the formation of UIL. (Anselin et al., 

2000; Arundel and Geuna, 2004; Bruno and Orsenigo, 2003; Cohen et al., 2002) The increasing focus on 

UILs has raised concerns among academics who questioned the possible consequences and trade-offs of 

universities‘ over-involvement in UILs and their traditional role as generators of public knowledge. A 

growing number of publications have focused their studies on this aspect, with some arguing that over- 

emphasizing the importance of UILs may undermine researchers‘ intellectual freedom in their choice of 

research agendas and the manner in which research results are used or made public (Louis et al., 2001; 

Nelson, 2004). In fact, existing literature have shown that UILs are found to have an impact on scientists‘ 

research agendas as they become more likely  to  engage  in  commercial-oriented  research  topics 

(Blumenthal et al, 1996). This has sparked debates questioning government policies aimed at 

encouraging UILs and the universities increasingly central role in  the  economic  development  of  

the  nation.  As  put forth by Powell et al in his paper, ―paying excessive attention to blockbuster 

patents and potential licenses, and not enough to planting seed corn, can produce a failure to ‗restock the 

R&D pantry‘‖ (Powell  et  al,  2007:  140). 

However, certain areas of research vis-à-vis the topic remains unexplored. While the extant literature 

has looked at the factors which may influence UIL propensity in individuals, the question of research 

orientation has not been addressed. In fact, there is little empirical work examining research orientation 

of researchers as defined by Stoke‘s Quadrant model discussed earlier. The few exceptions are studies by 

Nagaoka et al (2011), Baba et al (2009) and Shichijo et al (2013) that employed the use of the Stoke‘s 

quadrant to study university research in different contexts. Studies by Nagaoka et al (2011) examined the 

research motivations behind projects conducted by Japanese versus American researchers and identified 

a higher share of Pasteur quadrant among American projects. Adopting an outcome-based approach, 

Baba et al (2009) studied the impact of research orientation of collaborative partner universities on 

R&D productivity of Japanese firms and found that research orientation do make a difference on R&D 

productivity. A later study by Shichijo et al (2013) further examined the link between research 

orientation and scientific performance of researchers, discovering that Pasteur and Edison-type were 

found to publish more papers than traditional scientists (Bohr and Others). However, these studies have 

not explicitly addressed the link between research orientation and UIL outcomes. 

2.3 Constructs for Research Orientation 

In our paper, we have referred to the study of research orientation of researchers as defined by the 

Stoke‘s quadrant model of research motivations. In particular, research orientation is conceptualized as 

two different constructs, one from the perspective of research motivations as posited in the works of 

Nagaoka et al (2011) and another from the perspective of research outcomes, as put forth in the paper by 
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Baba et al (2009). 

Focused on the perspective of research motivations, Nagaoka‘s paper adopts Stoke‘s quadrant model to 

address the researchers‘ motivations behind initiating research projects. Replicating Stoke‘s definitions 

of the quadrant model, researchers were asked through a survey-based approach to evaluate the 

importance of two research motivations as represented in the vertical and horizontal axis of the quadrant 

model: (1) pursuit of fundamental principles/understandings and (2) solving specific issues in real life. 

This provided an insight into the relative influence of each research motivation and in particular, is 

reflective of the researchers‘ self-reported research motivations. For Nagaoka, responses from the 

question allowed for a clearer understanding of the importance of each quadrant in each scientific field 

examined and findings from his paper which demonstrated that majority of the projects are driven 

considerably by both motivations, serves as further empirical evidence for Stoke‘s argument for a 

two-dimensional conceptual plane in analysing research orientation. 

While Nagaoka‘s approach concentrated on the study of research motivations, Baba‘s paper addressed 

an alternative perspective on the study of research orientation by employing a performance-based 

measure. 

Using scientometrics, Baba et al (2009) studied the impact of research orientation on the scientific 

performance of researchers. Indicators employed differed considerably from Nagaoka with Baba‘s 

paper concentrating on the researchers‘ research outcomes such as number of publications, forward 

citations and number of patent applications as measures for the classification of researchers into the  

Quadrant model. Drawing from previous literature and inferences on the nature of each quadrant as 

defined by Stoke, Baba et al. (2009) proposed that the two dimensions of Stoke‘s conceptual model may 

be represented by scientific influence in the form of publication citations (proxy for quest for 

fundamental understanding) and involvement in commercially-oriented activity in the form of patenting 

(proxy for consideration of use). To illustrate this framework, Edison-type are described 

entrepreneurial-oriented scientists who engaged in applied research. They are less likely to be concerned 

with improving their standing within the scientific community. Instead, they are likely to be more 

willing to publish papers as a form of disseminating knowledge to society, with no regards for the degree 

of influence the journals have on the scientific community. As such, one will expect Edison-type to be 

characterized by a low number of highly cited papers. On the other hand, Edison-type are likely to be 

associated with a large number of patents as well given their inclination towards applied research and 

with patents commonly taken to be an indication of researchers‘ orientation towards pursuing 

commercial activities. Correspondingly, Pasteur- type are likely to publish influential papers with high 

citations and at the same time be active in commercial activities by producing patents. Relating the 

above inferences to the respective quadrants in Stoke‘s quadrant model, researchers were then assigned 

their quadrant affiliation based on their research outcomes as measured by publication citations and 

patent applications. (Baba et al, 2009) With completely different methodologies employed in Nagaoka 

et al (2011) and Baba et al (2009), we would expect that studying research orientation through the two 
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perspectives will likely result in differing yet interesting findings for our study. Unlike Nagaoka‘s 

approach of studying research orientation through self-reported research motivations, Baba‘s 

performance-based measure may thus provide a more accurate reflection of the relationship between 

UIL and research orientation in the following paper. 

2.4  Research question and Testable Hypotheses 

Given the lack of existing empirical literature on the topic, this paper attempts to begin filling this gap by 

applying Stoke‘s model for the characterization of researchers according to their nature of research, to 

investigate the link between research orientation and UILs. 

In summary, the paper puts forth the following overarching research question: Is  there  a  

relationship between the research orientation of researchers, as measured by the Stoke‘s quadrant, and 

the University-Industry linkages fostered by researchers themselves? Is this relationship dependent on 

the way that orientation is measured (whether motivation or outcome-based)? Figure 2 provides a 

framework of the research questions to be addressed in the paper. Following our research question, this 

gives us our main and sub-hypotheses: 

Hypothesis 1: There is an association between the research orientation of individuals and the extent of 

their UILs. 

Hypothesis 1a: The association between research orientation and extent of UILs will be different for 

outcome- orientation versus motivation-orientation. 

Taking into consideration the differences in research orientation in the Stoke‘s quadrant model, nature 

and direction of researchers‘ scientific performance will likely differ as well. Given Pasteur and Edison- 

type researchers‘ focus on user-inspired research, we would expect them to have a greater incentive to 

engage in industry-related research activities. Hence, this leads us to our next sub- hypothesis: 

Hypothesis 1b: Pasteur and Edison-type researchers will have a higher number of UILs compared to 

researchers in the Bohr and Others quadrant. 

Moreover, while empirical literature on the topic of UILs has been increasing, a substantial portion of 

earlier studies have concentrated on specific forms of UILs such as patenting and licensing only. As 

pointed out by several authors, UILs encompasses a much larger range of activities which have not been 

given sufficient attention in earlier research (Agrawal and Henderson, 2002; Mowery and Sampat, 2005). 

In fact, studies carried out by Schartinger et al (2001) and Roessner (1993) revealed that in comparison 

to other forms of UILs, patenting and licensing makes up for only a small percentage of industry 

collaborations. 

Recognizing this, our paper studies university-industry linkages in multiple forms. Importantly, we 

consider both technology-based UILs such as patents and research-based UILs such as co-publications 

and research collaborations with industry. Consequently, we arrive at the following hypothesis: 

Hypothesis 2a: There is an association between the research orientation of individuals and their 

propensity to engage in technology-based UILs. 

Hypothesis 2b: There is an association between the research orientation of individuals and their 
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propensity to engage in research-based UILs. 

Similarly, we would expect researchers to have different degrees of engagement with the multiple forms 

of UILs. For example, Bohr-type will likely have the lowest propensity for technology-based UIL given 

their inclination towards pursuit of fundamental understanding of scientific theories. Likewise, we 

would expect Pasteur-type researchers to engage in both research and technology-based UILs 

compared to Edison-type who are more likely to be focused on technology-based UILs only. Hence, we 

hypothesize that: 

Hypothesis 2c: Pasteur-type researchers will have propensity to engage in both research-based and 

technology-based UILs. 

Hypothesis 2d: Edison-type researchers will have positive propensity to engage in technology-based 

UILs, but propensity for research-based UIL is insignificant. 

3. Data and Methodology 

In this paper, we used data on a sample of 121 researchers belonging to a variety of different disciplines 

from the National University of Singapore (NUS) and examined the link between research orientation, 

as 

measured by Stoke‘s Quadrant model and UILs. Researchers included in our sample have worked with 

the industry liaison office (ILO) in NUS for invention disclosures, patents and research collaborations. 

Data on motivation-orientation was collected through an online survey carried out from April to July 

2014. Additional information on the researchers‘ backgrounds and UILs such as invention disclosures 

and industry research collaboration agreement (RCA) was similarly obtained from theonline survey. 

Researchers‘ patent data was compiled from the database provided by Patsnap Technologies while 

additional information required for outcome-orientation such as the number of publications and citation 

counts were derived from the bibliographic database Scopus. Data on university-industry 

co-publications (UICP), spin-offs and technology licensing was collected from online database, Web of 

Science and the NUS technology transfer office. 

In our paper, we utilize linear regression models with UIL and technology-based UIL as the dependent 

variables and, motivation-orientation and outcome-orientation of researchers as the independent 

variables while controlling for the researchers‘ backgrounds, quantity and quality of their research. 

Binary logistic regression model was employed to analyse the research-based UIL as the third 

dependent variable in a similar manner. 

The following models are estimated in the paper: 

a) University-industry linkages, UIL overall 

= β0 + β1 Pasteur-Motivatio + β2 Edison-Motivation + β3 Pasteur-Outcome + β4 Edison-Outcome 

+ βj (control variables) + Ɛ 

b) Technology-based University Industry Collaborations, UIL tech 

= β0 + β1 Pasteur-Motivation + β2 Edison-Motivation + β3 Pasteur-Outcome + β4 Edison-Outcome 
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+ βj (control variables) + Ɛ 

c) Research-based University Industry Collaborations, UIL res 

= β0 + β1 Pasteur-Motivation + β2 Edison-Motivation + β3 Pasteur-Outcome + β4 Edison-Outcome 

+ βj (control variables) + Ɛ 

The measures for each of the variables in the model are described below. 

3.1 Dependent Variables 

The dependent variable in our paper was constructed to reflect the variety of UIL present between 

university and industry. Three measures of UIL were utilized in our paper. 

Firstly, UILs were evaluated as a whole to study the link between outcome-orientation, motivation- 

orientation and UILs fostered by researchers. In consideration of the various forms of UILs included in 

the paper, UIL overall was assigned scores from zero to six to fully capture the scope of UILs. As long as 

the researcher has at least one invention disclosure, they were assigned a score of one. A maximum score 

of six may be obtained if the researcher has at least one in each category of UILs (invention disclosures, 

patents, technology licensing, spin-offs, UICP and industry RCA) considered in the paper. 

The second dependent variable is the technology-based UILs (UIL tech). As opposed to examining UILs 

in general, studying technology-based UILs provides an insight into the relation between research 

orientation and a more specific group of UILs. Technology-based UILs was obtained by counting the 

total number of invention disclosures, patents, technology licensing and spin-offs of each individual 

researcher. Total number of patents, technology licensing and spin-offs were counted separately as well 

to reflect a more specific subset of technology-based UILs in the paper. More importantly, as patent 

data was used in both the independent variable to classify researchers according to their research 

outcomes and in the dependent variable as part of the technology-based UILs, the total number of 

technology licensing and spin-offs only were counted and analyzed as an additional dependent variable 

to test the robustness and improve the explanatory power of the model. 

The third dependent variable is the research-based UILs (UIL res). This consists of the university industry 

co-publications (UICPs) and industry research collaboration agreements (RCAs). Due to limitations of 

the data and the differing natures of the UILs (UILP and industry RCA), research-based UIL was 

represented in binary form as two separate dependent variables. As long as the researchers have at least 

one UICP, they were given a score of one or zero otherwise. Similar method was utilized for industry 

RCA. 

3.2 Independent Variables 

For comparison purposes, we drew on the methodologies adopted in the papers of Nagaoka et al (2011) 

and Baba et al (2009) for the classification of researchers according to the Stoke‘s quadrant model. Two 

different forms of research orientation, namely the motivation-orientation and outcome-orientation were 

included as independent variables in the regression. 

Following Nagaoka et al (2011), motivation-orientation is measured by the degree of relative 

importance researchers place on the two research motivations: pursuit of fundamental principles/ 
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understanding and solving specific issues in a real world context. Researchers who place the greatest 

and equal importance 

in both research motivations are assigned to the Pasteur‘s quadrant. The Edison‘s quadrant is made up of 

researchers who placed the greatest importance in ―solving specific issues in a real world context‖ only 

while the Bohr‘s quadrant consists of researchers where only ―pursuit of fundamental principles/ 

understanding‖ is very important. Those who do not fall under any of the categories are grouped under 

the ―Others quadrant‖. Table 1 illustrates the distribution of our sample accordingly. 

Outcome-orientation is guided by the methodology of Baba et al (2009) where the classification of 

researchers is characterized by researchers‘ track record in publications and patenting. More specifically, 

researchers were allocated into the Stoke‘s quadrant according to two measures: the number of patent 

applications and the  average citations (number  of  citation counts divided  by number  of  

publications)  of researchers. The median of each variable was chosen as the reference line in this paper 

as results from skewness and Shapiro-Wilk test reflected that the distribution of patent applications and 

average citations are not proper to be treated as normal distribution (5% level). Researchers with above 

average number of patent  applications  and  average  citations  were  grouped  under the Pasteur‘s 

quadrant.  Edison-type researchers are associated with above average number of patent applications 

and below average, average citations while Bohr-type had above average, average citations and below 

average patent applications. Table 2 illustrates the distribution of our sample accordingly. 

3.3 Control Variables 

Previous research have examined the relation between UIL and academic research, investigating the 

relation between UILs more commonly in the form of patenting activities, and researchers‘ quantity and 

quality of publication performance. In fact, studies have suggested a substitution effect exists between 

patents and publications as patenting activities are known to influence the quality of publications like in 

the case of the biotech field. (Murray and Stern, 2007) With the existing literature having established the 

association between UILs and publication quantity (Calderini and Franzoni 2004; Breschi, Lissoni et al, 

2008; Fabrizio and Di Minin 2008), measures of research quantity and quality were included as control 

variables in the regression. Our measure of research quantity was represented by the total number of 

publications of each researcher while research quality was derived from the average citations of 

researchers. 

Other control variables relating to the researchers‘ background such as gender (Male =1; Female = 0), age, 

department of researcher, number of years of R&D experience prior to joining NUS and as a NUS staff 

and the number of years of industrial experience were included in the regression analysis as well. 

4. Results 

Among the 121 researchers in the sample, 82% of respondents are male. Associate professors formed the 

largest group of respondents at 36.4%, followed by assistant professors (18.2%) and professors (16.5%). 

Respondents have an average 9.44 years of R&D experience and 2.3 years of industrial experience prior 
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to joining NUS and represent a range of faculties, including Engineering (35%) and Medicine (21%). 

Descriptive statistics of all variables are shown in Table 3. Additionally, Table 4 shows the bivariate 

Pearson correlations for all variables used in the regression analysis. The correlation coefficients suggest 

that there is no multicollinearity among the predictors and control variables. This is confirmed by 

collinearity diagnostics in all regression equations, with maximum Variance Inflation Factor (VIF) 

values well behold the threshold level of 10 (Powers and McDougall, 2005) for all variables. 

Upon close examination, differences in the classification of researchers were clearly evident in the two 

approaches employed in the paper. The shaded area in Table 5 shows the degree of overlap between 

outcome and motivation-orientation. While approximately 50% of researchers claimed to be Pasteur- 

motivated, percentage of Pasteur-outcome was much lower (30%). Out of 61 researchers who are 

Pasteur based on motivations, only 16 are also Pasteur based on outcomes. Instead, majority of 

researchers who 

claimed to be Pasteur in self-reported motivations, are classified as ―Others‖ in outcome-orientation. 

Similarly, the degree of overlap was noted to be rather small for Edison and Bohr-type. Out of the 25 

who are classified as Edison according to their motivations, only 9 are also Edison based on outcomes. 

More interestingly, we find that majority of researchers who are motivated to be Bohr have Pasteur 

outcomes while those with Bohr outcomes are motivated to be Pasteur instead. In sum, the above clearly 

highlights a gap in researchers‘ self-reported motivations and their performance in publications and 

patenting. 

Additionally, the bivariate correlation between the two independent variables, motivation-orientation 

and outcome-orientation used in the regression analysis was computed. Result show that the 

correlation coefficient was found to be rather low (0.077). At a 5% significance level, there was no 

statistically significant correlation between these two independent variables (p=0.399). This confirms 

that there is little overlap between orientation classification using motivations and outcomes. 

Preliminary analysis from comparing the means of technology-based UILs and research orientation 

suggests that Pasteur-type researchers were found to have above average and among the highest number 

of technology-based UILs. (Table 6) However, orientation classification appears to have an impact on 

the results especially in the case of Edison-type researchers. While Edison-outcome has above  sample 

average number of technology-based UILs, this was not entirely the case for Edison-motivation. 

Differences in the mean for technology licensing and invention disclosures were especially prominent in 

the outcome-orientation as well. While Pasteur and Edison-type have a mean number of 9 and 6.6 

technology licenses, the mean was much lower for Bohr-type (1.06). 

Table 7 provides details on the cross-tabulation of research orientation with research-based UILs. 

Findings are somewhat similar to technology-based UIL. Pasteur-type researchers are noted to have the 

highest percentage of industry RCA and UICP (outcome-orientation only) among researchers (UICP- 

outcome=50% RCA-outcome=55.6%, RCA-motivation= 57.4%) In comparison, motivation-orientation 

identified Edison-type with the highest percentage of UICP (40%). It is also worth noting that contrary to 
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expectations, over 50% of researchers in the Others quadrant have at least 1 industry RCA in outcome- 

orientation, making it the second largest group with industry RCA after the Pasteur-type. 

Regression results for overall UIL (Model 1) and technology-based UIL are shown in Table 8. Table 

9 provides the results for the binary logistic regression models of research-based UIL for UICP (model 

1) and industry RCA (model 2). In the paper, researchers in the ‗Bohr‘ and ‗Others‘ quadrants were 

taken to be the reference group in the regression analysis. 

4.1 Regression results for Overall UIL 

Among the control variables, only gender was positive and significant, indicating a higher number of 

UILs among males compared to females (b= 0.756, p<0.05). 

Results from our regression model confirm our main hypothesis- there is an association between 

research orientation and the extent of UILs. In particular, we find strong evidence from 

outcome-orientation while 

motivation-orientation provided fair support for the hypothesis. Estimated coefficient values of Pasteur- 

outcome (b= 1.369, p<0.01) and Edison-outcome (b= 0.924, p<0.01) were positive and significant, 

establishing the link between outcome-orientation and UILs. In the case of motivation-orientation, 

Pasteur-type (b=0.768, p<0.01) was found to be positively and significantly related to UILs. 

While outcome-orientation was found to be significantly related to UILs, we did not find similar support 

for motivation-orientation. Hence, this suggests that outcome-orientation is a stronger predictor for 

UILsand thus confirms our sub-hypothesis 1a – association between research orientation and extent of 

UIL is different for outcome-orientation versus motivation-orientation. 

In addition, positive coefficient values for Pasteur and Edison-type imply a higher number of UILs as 

compared to the reference group. However, as Edison-motivation is not significantly related to UILs, we 

find only partial support in our sub-hypothesis 1b: Pasteur and Edison-type researchers have a higher 

number of UILs compared to researchers in the Bohr and Others quadrant in outcome-orientation. Only 

Pasteur-type have a higher number of UILs in motivation-orientation. 

4.2 Regression results for Technology-based UILs 

With regards to control variables, number of years of industrial experience (Model 2: b=0.828, p<0.05; 

Model 3: b=0.519, p<0.05; Model 4: b=0.496, p<0.05) was found to be positively significant while 

though the number of publications is found to be strongly significant, the magnitude of the coefficient 

was fairly small in all three models (Model 2: b=0.076, p<0.01; Model 3: b=0.049, p<0.01; Model 4: 

b=0.047, p<0.01). An additional control variable- number of years of R&D experience prior to joining 

NUS, was noted to be positive and weakly significant in models 3 and 4 as well. (Model 3: b=0.201, 

p<0.1; Model 4: b= 0.190, p<0.1). 

Three forms of technology-based UIL dependant variables were included in the regression analysis in 

the paper. Excluding invention disclosures generally improves the goodness of fit, evident from the 

results of 

model 3 and 4. Adjusted R-square value of model 3 (0.393) was observed to improve slightly as 
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compared to model 2 (0.374) while model 4 (0.391) remains fairly comparable to model 3. 

Overall, we observe that only outcome-orientation was found to be positively and significantly related to 

technology-based UILs in all three regression models. Estimated coefficient values of outcome- 

orientation decreases but remain significant at a 1% significance level as invention disclosure and 

increasingly, both invention disclosures and patents were excluded in the regression analysis in models 

3 and 4. (Model 2: Pasteur b= 10.623, p<0.01 and Edison b= 10.211, p<0.01; Model 3: Pasteur b= 7.352, 

p<0.01 and Edison b= 7.092, p<0.01; Model 4: Pasteur b= 5.499, p<0.01 and Edison b= 5.285, p<0.01) 

Given that the results remain largely consistent across the three models, we can conclude that the results 

for technology-based UIL appear to be rather robust. 

On the other hand, none of the results for motivation-orientation turn out to be significantly related to 

technology-based UILs. Aligned with the above findings, our hypothesis of an association between 

research orientation and propensity to engage in technology-based UILs was not fully supported and we 

conclude that only outcome-orientation has a relation with technology-based UILs. 

4.3 Regression results for Research-based UILs 

Among the control variables, only the number of publications of researchers was positive and significant 

in model 3 (b=0.012, p<0.05). Model 4 saw a greater number of control variables that were significantly 

related to industry RCA. Both average citations of researchers (b=-0.041, p<0.05) and graduate 

schools/research institutes & others (b=-1.299, p<0.1) were observed to be negative and significant 

while number of years of industrial experience prior to joining NUS was positive though weakly 

significant (b=0.174, p<0.1). 

From Table 9, results from the binary logistic regressions for research-based UIL did not provide much 

support for our hypothesis 2b- there is an association between research orientation and propensity to 

engage in research-based UILs. In particular, none of the research orientations was found to be 

significantly related to UICP. For industry RCA, we find that only Pasteur-motivation was positive and 

weakly significant (b= 0.993, p<0.1). Hence, we conclude that only motivation-orientation is weakly 

related to research-based UILs. 

4.4 Comparing Regression results for Technology-based and Research-based UILs  

Examining the results for research and technology-based UILs, we find that we do not have sufficient 

evidence to confirm our hypothesis 2c- Pasteur-type researchers have propensity to engage in both 

research and technology-based UILs Both motivation and outcome-orientation are observed to be 

corresponding differently: Pasteur-motivation is associated with UIL research  while Pasteur-outcome 

is associated with UIL tech instead. However, it is imperative to note that despite using different 

constructs for research orientation, Pasteur-type are identified to have a relation with either research or 

technology- based UILs in each orientation. Hence, we argue that this finding does provide some degree 

of support though rather weakly, for hypothesis 2c and therefore, we are unable to reject the hypothesis 

completely. Nonetheless, our findings do point to Pasteur-motivated researchers having greater 

propensity for research-based UIL (industry RCA) compared to others. At the very least, this clearly 
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distinguishes the Pasteur-type from the Edison-type researchers. 

Secondly, results from Tables 8 and 9 confirm our hypothesis 2d- Edison-type researchers have 

positive propensity to engage in technology-based UILs but propensity for research-based UIL is 

insignificant. In particular, we find strong evidence from outcome-orientation, with positive and 

significant results for technology-based UIL while results for research-based UIL were not significant. 

5. Discussion 

This paper contributes to the current empirical literature on Stoke‘s Quadrant Model of research 

motivation by studying the relations between research orientation of researchers, UICs and technology 

commercialization. We address particularly the relation between research orientations, by positing two 

forms of research orientation- motivation-based and outcome-based as measured by the Stoke‘s quadrant, 

and its relation to UILs. We suggest that research orientation does have a relation with UILs and 

particularly, different constructs of orientation will have different association with the extent of UILs. 

Results attained provide interesting findings for our exploratory study on research orientation and UILs. 

A key empirical finding from our analysis is that research orientation of researchers, as measured by the 

Stoke‘s quadrant, does have a relation with UILs after controlling for the effects of researchers‘ 

background, quality and quantity of research publications. More importantly, we discovered that 

conceptualizing research orientation differently alters the association between research orientation and 

UILs. While outcome-orientation is positively and significantly related to technology-based UILs, 

motivation-orientation corresponded to research-based UILs instead. This suggests that the relationship 

between research orientation and UILs appear to be dependent on the constructs of research orientation 

and forms of UILs considered. Our results further provide preliminary evidence that Pasteur and Edison- 

type researchers are found to have a higher number of UILs as compared to Bohr and Others-type 

especially in the case of outcome-orientation.  

These findings hold important implications for conceptual, methodological and policy-making reasons 

for universities and policy-makers. In terms of conceptual advancement, this paper is original as it 

proposes a new perspective on UILs which has not been explicitly addressed in earlier literature. Unlike 

earlier studies which have concentrated their analysis on patenting and spinoffs (Jensen et al., 2003; 

Link et al., 2003), this paper makes a contribution by attempting to fill the gaps in the understanding of 

UILs through incorporating UILs in multiple forms. In this instance, this methodology proved to be 

beneficial as the paper benefits from being able to study the relations between research orientation and 

multiple forms of UILs and in turn, discovers different associations between different constructs of 

research orientation and UILs. Moreover, as discussed earlier, few studies have examined the topic of 

UILs through the perspective of individual researchers (Bercovitz and Feldman, 2003; Agrawal and 

Henderson, 2002), with most focusing on examining UILs through the perspective of collaborating 

firms or universities. In their 2003 paper, Friedman and Silberman studied the factors influencing 

technology transfer output across 

U.S research universities, taking universities as the unit of analysis. As such, this paper serves as an 
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extension of current literature which focuses on the orientation of individual researchers. 

For universities and policy-makers, findings from the paper shed further light on the universities 

increasingly central role in the economic development of countries. The rise of academic 

entrepreneurship in recent years has raised concerns with the universities‘ new role and has also 

necessitated the 

adjustment of policies, structure and resource allocation to accommodate both the original roles and the 

new mission of universities (Shane, 2004b; Powers and McDougall, 2005). Recognizing this, our paper 

stresses the importance for a more nuanced understanding of university researchers who engage in UIC 

especially vis-à-vis the nature of their research. Understanding these relations between research 

orientation and forms of UILs are important as this may aid in bringing about more effective changes or 

improvements in university policies, organization practices and public policies that encourage greater 

involvement in UILs. 

By applying the Stoke‘s quadrant model, findings from our study echoed our earlier view that it is 

important for research-intensive university to have a critical mass of Pasteur-type researchers to sustain 

the universities‘ role as knowledge creator while making tangible economic/societal contributions. 

Findings from our paper demonstrated that both Pasteur-outcome and Edison-outcome are found to have 

a higher number of UILs as compared to Bohr and Others-type. In fact, our study suggests that 

Pasteur-type are found to have a stronger association with UILs as they are observed to be positively and 

significantly related to UILs in both motivation and outcome-orientation. Our results further suggest 

that to engage in research-based UILs, Pasteur-type researchers are essential for research-intensive 

universities as only Pasteur-type are found to be positive and significantly related to industry RCA. For 

universities who are increasingly involved in research commercialization, this implies that having a fair 

share of Pasteur-type will be much more ideal. Taking into consideration that the research orientations 

of Pasteur-type are increasingly aligned with the interests of the universities in recent years, this will 

allow universities to strike a good balance between their dual roles without having to contend with 

unwanted trade-offs in their 

original role of knowledge creation. On this basis, concerns with universities‘ over-involvement in UILs 

will be less disconcerting as well, granted if universities are focusing their efforts on recruiting the right 

type of researchers according to the Stoke‘s quadrant model. As with the case for policy-makers, our 

results suggest that in addition to promoting policies that encourage universities‘ collaborations with 

industries, there is also a need to ensure that the universities are directing their efforts and resources 

towards the right type of researchers as discussed above. 

5.1 Limitations and Further Research 

One limitation which could be addressed with further research is due to the way in which UILs are 

measured in our study, our paper does not allow us to evaluate the relation between research orientation 

and the impact of UILs. In particular, while Stoke‘s portrayal of the Pasteur‘s quadrant may suggest that 

Pasteur-type have a greater number of high impact UILs compared to Edison-type, we have not been 
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able to establish this distinction between Pasteur and Edison in our paper. 

Another area for further research which was surfaced by our findings is the gap between motivation- 

orientation and outcome-orientation of researchers- self reported motivations do not correspond to the 

researchers‘ performance in publications and patenting. Possible reasons for this include the issue of 

timing where researchers are still in the early stages of their career and thus have not yet been able to 

fully demonstrate their motivations. Likewise, this may be attributed to barriers faced by researchers as 

well which in turn, may be an intriguing topic for future research. 

Other possibilities of future research would be to extend the analysis to include a greater variety of UILs 

for a more comprehensive analysis of the relation between research orientation and multiple forms of 

UILs. 
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Figure 1: Stoke‘s Quadrant model of Scientific Research 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Framework for Research Question & Testable Hypothesis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1: Motivation-Orientation: Classification of Researchers in the Stoke‘s Quadrant model 

Importance of research motivations: 
 

 Solving specific issues in a real world 

Not so important Very important 

Pursuit of fundamental 

principles/understanding 

Very important Bohr-type 

22 Researchers (18%) 

Pasteur-type 

61 Researchers (50%) 

Not so important Others 

13 Researchers (11%) 

Edison-type 

25 Researchers (21%) 

*Importance of research motivations rated on 5-point scale where 5 = Very Important and All other 

values = Not so important 
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Table 2: Outcome-Orientation: Classification of Researchers in the Stoke‘s Quadrant model 

Researchers‘ track record in publications and patenting: 
 

 Number of Patent Applications per researcher 

Less than median More than/equal to median 

Average Citations per 

researcher 

More than or 

equal to median 

Bohr-type 

18 Researchers (15%) 

Pasteur-type 

36 Researchers (30%) 

Less than median Others 

41 Researchers (34%) 

Edison-type 

26 Researchers (22%) 

*Median number of patent applications per researcher = 2   Median number of average citations per 

researcher = 15 

^Median was chosen as reference line as distribution of patent applications and average citations are not 

proper to be treated as normal distribution (5% level) 

 

Table 3: Profile of Researchers 
 

Sample profile 

No. of researchers 121 
By Gender 

Male 82% 
Female 18% 

By Designation 

Associate professors 36.4% 
Assistant professors 18.2% 

Professors 16.5% 

By Faculties/ Schools 

Engineering 35% 
Medicine 21% 

Research institutes and Graduate schools 21.5% 
Science 15% 
Others 6.5% 

Summary statistics 

 n Mean Std Deviation MIn Max 

Age 121 41.46 5.46 25 46 

Number of years of R&D 

experience prior to joining NUS 
121 9.44 7.95 0 45 

Number of years of R&D 

experience as NUS staff 

 

121 

 

10.1 

 

7.03 

 

0 

 

30 

Number of years of industrial 

experience prior to joining NUS 
121 2.30 3.71 0 20 

Number of publications 121 56.74 88.49 0 508 
Average number of citations 108 17.38 15.56 0 88.35 

Number of patent applications 121 5.34 9.53 0 73 
Technology-based UIL 121 9.27 14.54 0 137 

Number of Invention disclosures 121 3 5.07 0 50 
Number of patents 121 1.45 2.12 0 10 

Number of technology licensing 121 4.79 8.18 0 80 
Number of Spinoffs 121 0.02 0.20 0 2 

Number of UILP 121 1.67 4.76 0 33 
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Table 4: Correlation Matrix 
 

 
 

 
Age 

 

 
Gender 

Faculty of 

Engineering 

 
Faculty of 
Medicine 

Grad Schools/ 
Research 

institutes/ 

Others 

R&D 

experience 
prior to NUS 

R&D 

experience as 
NUS staff 

Industrial 

experience 
prior to NUS 

No. of 

publications 

 
Average 
Citations 

 
Pasteur- 

Motivated 

 
Edison- 

Motivated 

 
Pasteur- 
Outcome 

 
Edison- 

Outcome 

Age 1              
Gender 0.107 1             

Faculty of 
Engineering 

-0.043 0.254** 1            

Faculty of 

Medicine 
0.159 -0.262** -0.391** 1           

Grad Schools/ 
Research 

Institutes/ Others 

 
-0.114 

 
0.104 

 
-0.456** 

 
-0.335** 

 
1 

         

R&D 

experience prior 

to NUS 

 
0.369** 

 
0.222* 

 
0.057 

 
0.031 

 
0.00 

 
1 

        

R&D 
experience as 

NUS staff 

 
0.537** 

 
-0.058 

 
-0.005 

 
0.069 

 
-0.156 

 
-0.121 

 
1 

       

Industrial 
experience prior 

to NUS 

 
0.226* 

 
0.214* 

 
0.262** 

 
-0.152 

 
0.028 

 
0.227* 

 
-0.010 

 
1 

      

No. of 

Publications 
0.343** 0.115 0.211 -0.057 -0.187* -0.032 0.526** 0.144 1      

Average 

Citations 
0.210* -0.141 -0.140 0.153 -0.130 -0.010 0.240* -0.185 0.167 1     

Pasteur- 

Motivated 
0.024 -0.039 0.168 -0.104 -0.042 0.065 -0.045 0.262** -0.033 0.077 1    

Edison- 

Motivated 
-0.025 -0.024 0.014 0.168 -0.092 0.052 -0.144 -0.145 -0.103 -0.066 -0.515** 1   

Pasteur- 

Outcome 
0.274** -0.115 0.057 -0.045 -0.125 -0.013 0.478** -0.077 0.391** 0.430** -0.078 -0.064 1  

Edison- 

Outcome 
-0.019 0.090 0.126 -0.039 -0.014 -0.096 -0.082 -0.054 -0.054 -0.335** -0.045 0.180* -0.340** 1 

N= 121 

** Correlation is significant at the 0.01 level (2-tailed) 

* Correlation is significant at the 0.05 level (2-tailed 
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Table 5: Degree of overlap in the classification of researchers according to research orientation 

 
Motivation-orientation  

 

Total 
Pasteur Edison Bohr Others 

 

 

Outcome-orientation 

Pasteur 16 6 10 4 36 
Edison 12 9 2 3 26 

Bohr 10 4 3 1 18 
Other 23 6 7 5 41 

Total 61 25 22 13 121 
 

Table 6: Comparing the Means of Motivation/Outcome- orientation and Tech-based UILs 
 

 Mean of Tech-based UILs 

 

 

 

 

 

Motivation- orientation 

 
Invention 

disclosures 

 

Patents 

 

Tech-licensing 

 

Spin-offs 

Pasteur (N=61) 
3.38 

(6.69) 

1.69 

(2.47) 

5.3 

(10.81) 

0.05 

(0.284) 

Edison (N=25) 3.12 

(2.77) 

1.12 

(1.56) 

4.76 

(4.00) 

0.00 

(0.00) 

Bohr (N=22) 2.27 

(2.00) 

1.36 

(1.76) 

4.27 

(4.05) 

0.00 

(0.00) 

ers (N=13) 2.23 

(3.00) 

1.15 

(1.91) 

3.38 

(4.37) 

0.00 

(0.00) 

 

 

 

 

 

Outcome-orientation 

 
Invention 

disclosures 

 

Patents 

 

Tech-licensing 

 

Spin-offs 

Pasteur (N=36) 
5.08 

(8.16) 

2.39 

(2.50) 

9.06 

(12.91) 

0.06 

(0.33) 

Edison (N=26) 
4.42 

(3.00) 

2.42 

(2.52) 

6.62 

(4.92) 

0.04 

(0.20) 

Bohr (N=18) 
0.72 

(0.83) 

0.33 

(0.77) 

1.06 

(0.94) 

0.00 

(0.00) 

Others (N=41) 
1.27 

(1.57) 

0.51 

(0.98) 

1.54 

(1.90) 

0.00 

(0.00) 

Total sample (N=121) 
3.00 

(5.07) 

1.45 

(2.12) 

4.79 

(8.18) 

0.02 

(0.203) 

* Standard Deviation in parenthesis 

 

Table 7: Cross-tabulation of Motivation/Outcome- orientation and Research-based UILs 

  % with Research-based UIL 

 

 

 

 

Motivation-orientation 

 UICP Industry RCA 

Pasteur (N= 61) 34.4 57.4 

Edison (N=25) 40 52 

Bohr (N=22) 31.8 36.4 

Others (N=13) 30.8 38.5 

 

 

 

 

Outcome-orientation 

 UICP Industry RCA 

Pasteur (N=36) 50 55.6 

Edison (N=26) 38.5 46.2 

Bohr (N=18) 33.3 38.9 

Others (N=41) 19.5 53.7 

Total sample (N=121) 34.7 50.4 
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Table 8: Estimated Linear Regressions for Overall UILs and Technology-based UILs 

 

Model 1 (DV= UIL overall) 

 

Model 2 (DV= 

UIL Tech 1) 

 

Model 3 (DV= 

UIL Tech 2) 

 

Model 4 (DV= 

UIL Tech 3) 

Control Variables: 

 

Constant 

 

1.548 

(1.276) 

 

11.869 

(13.443) 

 

6.166 

(8.783) 

 

7.927 

(7.523) 
Age 

-0.005 

(0.034) 

-0.503 

(0.3620) 

-0.295 

(0.236) 

-0.336 

(0.202) 

Gender 0.756** 

(0.342) 

1.337 

(3.604) 

0.696 

(2.355) 

-0.2 

(2.017) 

Faculty of Engineering 0.33 

(0.369) 

-1.194 

(3.887) 

-0.605 

(2.54) 

-0.653 

(2.176) 

Faculty of Medicine 0.236 

(0.364) 

-1.368 

(3.83) 

-0.964 

(2.503) 

-0.301 

(2.144) 
Graduate Schools/Research Institutes 

& Others 

-.401 

(0.362) 

-4.080 

(3.815) 

-2.768 

(2.493) 

-1.437 

(2.135) 

Number of years of R&D experience 

prior to joining NUS 

0.001 

(0.017) 

0.278 

(0.18) 

0.201* 

(0.117) 

0.190* 

(0.101) 

Number of years of R&D experience 

as NUS staff 

0.004 

(0.024) 

-0.017 

(0.251) 

0.009 

(0.164) 

0.040 

(0.140) 

Number of years of industrial 

experience prior to joining NUS 

-0.026 

(0.035) 

0.828** 

(0.367) 

0.519** 

(0.240) 

0.496** 

(0.206) 

Number of Publications ( Volume of 

research) 

0.002 

(0.002) 

0.076*** 

(0.016) 

0.049*** 

(0.010) 

0.047*** 

(0.009) 

Average Citations 
-0.013 

(0.009) 

0.065 

(0.091) 

0.049 

(0.059) 

0.045 

(0.051) 

Predictors: 

 

Pasteur-motivation 

 

0.786*** 

(0.286) 

 

4.604 

(3.016) 

 

2.903 

(1.971) 

 

2.385 

(1.688) 
Edison-motivation 

0.443 

(0.340) 

4.259 

(3.586) 

2.417 

(2.343) 

2.746 

(2.007) 

Pasteur-outcome 
1.369*** 

(0.310) 

10.623*** 

(3.264) 

7.352*** 

(2.133) 

5.499*** 

(1.827) 

Edison-outcome 
0.924*** 

(0.314) 

10.211*** 

(3.307) 

7.092*** 

(2.161) 

5.285*** 

(1.851) 

Adjusted R2 0.308 0.374 0.393 0.391 

F-value 4.398*** 5.57*** 5.944*** 5.907*** 

N 121 121 121 121 

*Significant at 10% level ** Significant at 5% level *** Significant at 1% level Standard errors in 

brackets 

Where: 

UIL tech 1 = Invention disclosures + Patents+ Technology Licensing + Spin-offs UIL tech 2 = Patents + 

Technology Licensing+ Spin-offs UIL tech 3 = Technology Licensing + Spin-offs 
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Table 9: Estimate Binary Logistic Regressions for Research-based UIL (UICP & Industry RCA) 

Model 1 (DV= UICP) 
Model 2 

(DV= Industry RCA) 

Control Variables: 

Constant 
0.478 

(2.522) 

2.12 

(2.568) 

Age -0.039 

(0.068) 

-0.37 

(0.07) Gender -0.586 

(0.688) 

-0.223 

(0.69) Faculty of Engineering 0.428 

(0.765) 

-0.114 

(0.706) Faculty of Medicine 0.080 

(0.752) 

-0.198 

(0.716) Graduate Schools/Research Institutes & Others -0.552 

(0.782) 

-1.299* 

(0.716) Number of years of R&D experience prior to joining NUS 0.037 

(0.033) 

-0.028 

(0.038) Number of years of R&D experience as NUS staff -0.010 

(0.049) 

-0.003 

(0.049) Number of years of industrial experience prior to joining NUS 0.003 

(0.072) 

0.174* 

(0.093) Number of Publications ( Volume of research) 0.012** 

(0.005) 

0.004 

(0.004) Average Citations -0.026 

(0.022) 

-0.041** 

(0.02) Predictors: 

Pasteur-motivation 
0.265 

(0.598) 

0.993* 

(0.573) 

Edison-motivation 0.518 

(0.683) 

0.999 

(0.669) Pasteur-outcome 0.726 

(0.647) 

0.319 

(0.621) 
Edison-outcome 

0.218 

(0.629) 

-1.012 

(0.628) 

Nagelkerke R Square 0.254 0.275 

Chi-square value 22.361* 24.835** 

N 121 121 

*Significant at 10% level ** Significant at 5% level *** Significant at 1% level 

Standard errors in brackets 
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system (Nelson and Rosenberg, 1993). The investigation of Rapini and Righi (2005) revealed that 

universities contribute in the innovative process of firms offering: basic research and expertise related 
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to the technological area businesses; training of qualified personnel; scientific development of new 

techniques and instruments, fostering the creation of spin-off companies. Some issues on the 

relationship between universities and companies were widely discussed by Kaufmann and Tödtling 

(2001), Stokes (1997), Meyer (2003), Baldini (2011), Friedman and Silberman (2003), Leydesdorff 

(2004), Leydesdorff and Meyer (2003, 2007), Tornatzky, Waugaman and Gray (2002), Azoulay, Ding 

and Stuart (2005). In the same line of thought, Etzowitz and Leydesdorf (1995) developed an approach 

called "Triple Helix Model", which is based on the understanding that the university acts as an 

inducer of relations with the productive sector and the Government which acts as regulator and 

promoter of economic activity. In this model, the university is framed as an entrepreneur, and in 

addition, provides an interrelated set of propositions, namely: Capitalization, Interdependence, 

Independence, Hybridization and Reflexivity (Etzkowitz, 2004). In this sense, changes in the academy 

were observed since the late seventeenth century, when the first revolution added the activities of 

research to the educational activity, which has been growing since then. In the second half of the 

twentieth century, there was a second revolution headed by U.S. universities such as MIT and Harvard, 

where the university mission also contemplates the vector of economic and social development. The 

international conjuncture of this period contributed to an approximation between university and 

enterprises, where the market would act as the main regulator of their relationships (Dagnino, 2003). 

According to Webster and Etzkowitz (1991 apud Dagnino, 2003), the causes that motivated this 

approach were: 1) from the viewpoint of firms: the cost of research to be competitive on the market; 

the risk with pre-research in association with other entities with financial support from the 

government; the requirement of insertion in the productive sector of innovations at intervals of 

increasingly shorter time; and, the decrease in research supported by the government in various 

sectors; and, 2) focused on the universities point of view: the decreasing government funding to 

support scientific activity, and, the probability of acquiring private funding for their research due to 

the recognition of knowledge production. The generation of knowledge held by the university acquires 

in this second moment, increased relevance. In the scope of university innovation, patent and 

technology transfer data may be useful, to analyze different systems. According to Nelson (2009), 

patents are one of the most prevalent measures of innovation, and for good reason: they are easily 

accessible in electronic form; by definition, they are linked to inventiveness; they are classified by 

category and sub-categories; they identify individuals and organizations; and they contain a trace of 

what knowledge they build upon through the citation of prior art. This last feature, in particular, 

makes patents useful for tracing knowledge flows. Nevertheless, there are lingering questions as to 

whether patents accurately capture innovations and whether citations are good measures of 

knowledge flows. Concerning the use of patent, to Meyer-Krahmer and Schmoch (1998), it only makes 

sense for a scientific institution if it could be commercially exploited as a new finding and 

collaboration with an industrial partner. In this sense, Brazil has challenges to face, in order to 

provide innovation, in the Triple Helix Model context. The country does not have a mature innovation 

system and has undergone a technological inadequacy and a polarization between 

modernization-marginalization arising from a delayed industrialization (Furtado, 1987 apud 

Albuquerque, 2005). Brazilian government has been taken measures to encourage the transformation 

of generated knowledge into wealth by means of approximating the different actors, as recommended 

by the Triple Helix Model. The Brazilian Innovation Law (Brazil, 2004) is a major landmark in this 

process, providing incentives for innovation and scientific and technological research in a productive 

environment. According to Santos and Torkomian (2013), the law also brings out the possibility of 

universities and research institutes signing contracts of technology transfer and licensing the patents 

they own, as well as provide specialized consultancy services for companies. In this sense, this paper 

aims to analyze the cases of co-ownership of granted patents involving universities and companies in 

Brazil. As methodology, were identified the university patents granted from 2000-2014, available in 

the Brazilian Industrial Property Office Patent Database. The search strategy considers granted 

patents having co-ownership between universities and companies and its developments, as licensing 

agreements, for example. As results, were identified nineteen granted patents from the following 

universities with co-ownership with companies, other universities or public company: Federal 

University of Minas Gerais - UFMG (3); Federal University of Paraná - UFPR (1); Federal 

University of Rio of Janeiro - UFRJ (5); Federal University of Santa Catarina - UFSC (1); Federal 

University of São Carlos - UFSCAR (2); Federal University of Uberlândia - UFU (1); University of 

Brasilia - UNB (2); State University of Campinas - UNICAMP (2); University of the Sinos River 
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Valley - UNISINOS (1); e, University of São Paulo - USP (1).Thus, an online questionnaire was sent 

to the identified universities (10 institutions), in order to investigate the licensing and negotiation 

stage of its granted patents. One of these issues is to analyze the main problems encountered when 

setting up a partnership, licensing and technology commercialization, due to the difficulties (or 

obstacles) faced by the universities. As preliminary conclusions, it is clear that each university has 

different ways to manage its technology transfer policies, acting in accordance with its institutional 

priorities. This study may contribute to national innovation policies, in order to understand the 

licensing management of technology, in different stages of development. Also, it may contribute for 

futures studies about Brazilian university relationship with the productive sector, mainly, in R&D, and 

to analyze the complexities found in the patent negotiation process, due the existence of more than one 

owner. 

1.  INTRODUCTION 

In recent decades,  participation of the Countries and Regions in the "Knowledge Society", has 

become relevant in the context of economic development. Science, Technology, Research and 

Innovation are decisive issues, that contribute for regional economy.  In this sense, universities have 

an important role in the transfer of knowledge to the industry,  commercializing intangible assets, 

specially, patents.  The transfer of intangible assets between universitis and industry has emerged in 

the United States of America, especially in the second half of the 20th century, led by Massachusetts 

Institute of Technology and Harvard University, favored by the understanding that the market need to 

act as the main regulator of this relationship (Dagnino, 2003). According to Webster and Etzkowitz 

(1991 cited Dagnino, 2003), the causes that favored closer ties between universities and companies 

were: 1) From the point of view of businesses: the cost of research to be competitive, the decrease in 

government funding for research and the need for innovations insertion in the productive sector in the 

shortest time; 2) From the university perspective: the reduction of government funds to support 

scientific activity and the possibility of recognizing the productive sector, that the university can 

generate knowledge. Researchers, as Nelson (2009) emphasizes the role of patents in this regard as 

important issue in the context of innovation. Patents are easily accessible by electronic form; by 

definition, they are closely related to aspects of inventiveness; they are classified by different 

categories and subcategories, identifying individuals and organizations. Furthermore, patents 

represents technologies that are produced according the prior art in which is was requested. This 

feature, for example, allows investigations about the knowledge flows.  However, patents has as one 

of its main goals, the commercialization of the technology. In this sense, Meyer-Krahmer and 

Schmoch (1998) stresses that the existence of patents in a scientific institution, for example, only 

makes sense if it must be commercially exploited in collaboration with an industry partner. 

Also,  patents may be indicators of technological development, especially when considering the 

number of granted patents from universities. In this sense,  indicators data analysis from the Office of 

North American Industrial Property (USPTO, 2014),  shows that despite the prevalence number of 

academic patents from developed countries, developing countries like Brazil, for example, also had a 

relative increase in the number of university patents at the last decade (Pinheiro-Machado, 2004; 

Brazil, 2014). 
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In most countries with mature innovation, research and development is linked to industry, government 

and research institutions. Universities act in their ability to attract and train qualified researchers to 

work in the frontier of scientific research.  Then, these relationships may promote innovation, 

especially among different actors: government, academia, industry and society (Etzkowitz and 

Leydesdorff, 1995; Etzkowitz, 2002). In this context, Etzkowitz and Leydesdorf (1995) developed an 

approach called "Triple Helix Model", which is based on the understanding that the university acts as 

an inducer of relations with the productive sector and the government, acts as regulator and promoter 

of the economic activity. In this model, it is expected that the University plays an important role in 

society, acting as an entrepreneur, mantaining the traditional academic functions of social reproduction 

and knowledge extension, contributing to innovation. Nelson and Rosenberg (1993) support this idea 

and claim that universities may supply the productive sector, by the generated knowledge, becoming a 

source of solutions focused on innovation. Thus, according to the authors, the industrial innovation 

model includes universities, doing an important role in the whole proccess. . 

In the regard to the relationship between universities and industry, developing countries, as ones from 

South America,  have still challenges to overcome. Research and Development occurs most often in 

the university environment.  Also, there are  several organizational difficulties and obstacles with 

the productive sector. To face these issues, some South American countries have introduced laws and 

made institutional changes seeking at increasing partnerships between universities and productive 

setor,  to have in view the improvement of innovation.  

Brazil, for example, has an innovation system in the maturation process. Despite  having a relatively 

well structured scientific basis, it needs more integration with the productive setor, universites and 

governement. Also, the Brazilian government has undertaken measures to bring these different actors, 

such as recommended by the Triple Helix Model,  as the establishment of public policies, aiming 

encourage the scientific and and technological development.  Campos (2014) shows specific 

mechanisms of public policy that have been created since 1985, such as: (1) Industrial Technological 

Information Centers Network (NITI), connected to the subprogram Basic Industrial Technology (TIB) 

Programme of Support for Scientific Development and Technology (PADCT); (2) Core Support 

Patenting (NAP) / Technology Transfer Offices (ETT), financed with resources from Sectoral Funds 

for Science and Technology (FSCT); and (3) Technological Innovation Centers (NIT), established 

from the Law 10,973, of December 2, 2004, known as the Innovation Law. These mechanisms 

adopted in different national, historical and political stages, have similar challenges, as: 

"Dissemination insufficient / inadequate culture of industrial property protection; Maintenance of 

fixed human resources, reducing teams turnover; (...)  Stimulation of entrepreneurial culture by the 

researchers; Discontinuity of reduction in resources flow from government "(Campos, 2014, p. 145). 

A major milestone in the relationship between the government, university and productive sector was 

the enactment of the Innovation Law in 2004 (Brazil, 2004).  This legislation established mechanisms 

and incentives, aiming at ensuring innovation and scientific/technological research and greather 
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relationship with the productive sector.  The law also made it possible for universities and research 

institutes, because it flexibilized technology transfer and patent licensing, as well as the possibility of  

specialized business consulting (Santos; Torkomian, 2013). 

These changes generate new forms, in the scope of demand and use of industrial property system.  

Within the university, for example, it may have influenced the increase in the number of patents, 

because the new legislation established the Scientific and Technological Institution (ICT), alone or 

together with other ICT, implanted one Core Technological Innovation (NIT), ie a body constituted for 

the purpose of managing the institutional innovation policy, whose minimal skills are (Brazil, 2004, 

Article 16): 

I - ensuring the maintenance of the institutional policy to stimulate the protection of creations, 

licensing, innovation and other forms of technology transfer; II- evaluate and rank the results arising 

from activities and research projects to meet the provisions of Law  10,973, 2004; III - evaluate 

request for independent inventor to adopt invention in art. 23 of this Decree; IV - opine for 

convenience and promote the protection of the creations developed at the institution; V - to opine on 

the advisability of disclosing the creations developed at the institution, subject to intellectual property 

protection; and VI - to monitor the processing of applications and the maintenance of intellectual 

property rights of the institution. 

Despite the establishment of new legislation, researchers sought funds to pay for their technical and 

scientific research, yet.  Also, it was an overflow (spill-over) of the results of research developed 

from univesities to productive setor, through the opening of new companies with technological basis.  

It enables that activities of technological management of ICT became to respect the intellectual 

property protection of  technologies and transfer them to productive sectors that would provide its 

production and commercialization (Garnica; Torkomian, 2009). 

Thus, some universities, such as the Federal University of São Carlos (UFSCAR) and the University 

of Campinas (UNICAMP), among others, the development, instalation and consolidation of the NITs 

occured most easily, because they already had a relative proximity to the operational procedures. 

However, this is not occured in universities whose institutional infrastructure was still incipient. 

It is also important to point out that NITs have contracts with external collaborators - as specialized 

intellectual property companies - that perform the activities relataed to filling patents, for example. 

This occurs, because industrial property procedures are relatively standardized and governed by the 

Brazilian Industrial Property Law and regulations from the National Industrial Property Institute.  

From the Brazilian Innovation Law, requests for intellectual property rights related to Institution of 

Science and Tecnology (known in portuguese as ICT) increased, as shown in Table 1.  Data shows 

the importance of the NIT, which gradually were being implemented by institutions, providing 

conditions, collaborating to improve the development of technological knowledge. Also, according to 

Mendes, Gullo and Guerrante (2011), universities, institutions and research foundations are together 

the ten most significant depositors of patents in the period 2004-2008.  
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Table 1 - Types of protections required by ICTs, according to Formict 

 Required protections 

Ano MU DI PI PC TCI CPC RMPS RMCo RMCe RIG RDA OR T 

2011 66 36 1135 129 0 62 145 3 0 0 6 13 1595 

2012 61 37 1159 239 0 33 218 0 3 0 4 15 1769 

2013 39 101 1198 259 0 42 244 1 2 1 2 12 1901 

Source: BRAZIL (2012; 2013;2014) 

Note: MU - Utility Model; DI - Industrial Design; PI - Invention Patent; PC - Computer Software; TCI 

- Top. Integrated Circuits; CPC - Plant Variety Protection; RMPS - Reg Brand, Products and Services;. 

RMCo - Reg Collective Brand;. RMCE - Reg Certification Mark;. RIG - Reg Geographical Indication;. 

RDA - Reg Copyright;. OR - Other; T - Total requests. 

According Lopes, Gomes and Kneipp (2013), promoting policies to university-industry interactions 

have a clear focus on increasing generation of technology for development. This reflects in the 

positioning of companies and universities with the establishment of partnerships. However, only a 

minority of interactions is motivated by the direct commercial exploitation of research results (D'Este 

and Patel, 2007). For Inzelt (2004), the relation between enterprises and universities occurs by means 

of a plurality of inter-organizational and arrangements. These arrangements may be isolated or 

coordinated way, extending since institutional levels to individual. At the same time, industry 

standards and characteristics of the products offered by companies influence the search for 

partnerships with the academic community (Lopes, Gomes and Kneipp, 2013). 

In this context, this article aims to analyze the cases of co-partnership of granted patents, involving 

relationships between Brazilian universities and companies, from 2000-2014 years, according the 

methodological procedures described in Section 7. 

2.  STATE-OF-THE-ART 

Several studies on the relationship between universities and companies have been widely discussed in 

the literature, as the discussions of Kaufmann and Tödtling (2001), Stokes (1997), Meyer (2003), 

Baldini (2011), Friedman and Silberman (2003), Leydesdorff (2004), Leydesdorff and Meyer (2003, 

2007), Tornatzky, Waugaman and Gray (2002), Azoulay, Ding and Stuart (2005), among others. It can 

highlight the studies of Webster and Etzkowitz (1991), about the causes that motivated the relationship 

between universities and companies, having as basis the following points: 1) from the viewpoint of 

Firms: the cost of research to be competitive on the market; the risk with pre-research in association 

with other entities with financial support from the government; the requirement of insertion of 

innovations in the productive sector at intervals Increasingly smaller; and, the decrease in research 

supported by the government in various sectors; and, 2) focused on the universities point of view: the 

decreasing government funding to support scientific activity, and the probability of acquiring private 

funding for Their research due to the recognition of knowledge production. 

Towards understanding the generation of knowledge, Rapini and Righi (2005), demonstrate that 

universities contribute to the innovation process, offering scientific knowledge, human resources 
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training and the development of new techniques. Thus they may encourage the creation of new 

businesses. In this sense, in Latin America, mainly in the 1960s, some studies discussed the interaction 

between universities and companies. Among these studies, there is the model created by Sabato and 

Botana (1968), called "Triangle of Sabato." From this model, there were arised others. Currently we 

have the model called "Triple Helice" where agents are interconnected in a helical structure. A 

propeller is represented by the Government and the other, by the productive sector and the scientific 

and technological infrastructure (Etzkowitz, 1998, 2000, 2001, 2002, 2003, 2004, 2010). 

3.  METHODOLOGY 

Were adopted for this research the following methodological procedures, in couse to collecting of data 

on patents in co-ownership and the occurrence of technology transfer. 

a) Identification of patents with co-ownership 

Patent database of the National Institute of Industrial Property (INPI) has been used. In the search, the 

keywords used (NUNES; OLIVEIRA, 2007) were only in Portuguese in order to include the 

identification of Brazilian universities. Thus, the search strategy is established taking as parameters the 

resources of the database. 

In the Advanced Search option was exercised the marking of patents granted (C1) selected fields: Date 

of deposit (F1) and Applicant name (F2). That is, F1 + F2 + C1, as detailed below. And in Table 2 

shows the search strategy used in this study. 

C1 = Choice - Selected the option granted patents; 

F1 = Date of deposit - period from 01/01/2000 to 31/12/2014; 

F2 = Applicant name: Search Terms - With terms in Portuguese (t1). 

Table 2 - Characteristics and terms used to search patent granted in that the holders are Brazilian 

universities 

 Choice 

(C1) 

Field 1 

(F1) 

Field 2 

(F2) 

Search terms in 

Portuguese (t1) 

 Patent 

granted 

Date of 

deposit: 

'01/01/2000' a 

'31/12/2014' \ 

Applicant(s): 

Search terms 

 

universidade  

 Faculdade 

 Fundaçao 

 (escola superior)? 

OR ensino 

    AND   

Source: Adapted César (2007) apud Branco et al., 2010, p. 41. 

Data survey of the number of granted patents, according the specificied criteria, generated a set of 

results wich were exported to a single xls file, Excel software (Microsoft Office - Office Professional 

2010). At this stage, the list of data provided by the INPI patent database, were the following: Process; 

Deposit and Title. 

RESULT OF RESEARCH (01/09/2015 at 15:56:14). Search: Patent Granted; Depositor 
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'UNIVERSITY OR COLLEGE OR FOUNDATION OR (SCHOOL AND SUPERIOR) OR 

EDUCATION' \ date: '01 / 01/2000 'till '31 / 12/2014' \ found 228 cases that satisfy the search. 

Showing page 1 of 3. (INPI, 2014). 

Then it was made a query to each process aiming ascertain the names of all the patent owners and if it 

was an granting patent order.  Also, at this stage have also been identified the patent owners that 

would not been categorized as university, and co-ownership with: (i) other universities; or (ii) business; 

or (iii) Foundation Research support; or (iv) agencies or public companies. 

b) Collecting data on technology transfer from granted patents 

A questionnaire with six questions was sent to the Universities Technology Transfer Offices by email, 

according to avaiable data on the official websites.  The offices that responded to the questionnaire 

were identified only by numbers assigned randomly to avoid any kind of identification of respondents 

as the universities that  were collaborated in this study. The responses were grouped into two topics 

to facilitate data analysis and discussion. In this way, the work exposes: (i) patent applications, seeking 

to identify the reasons and motivations for the patent applications made with a co owner; and (ii) 

technology transfer, that in this response group aims to identify the occurrence or not of some 

negotiation with the identified patents. 

4.  FINDINGS AND INTERPRETATION 

8.1 The granted patent applications 

Among the results, Table 3 shows the number of granted patent applications according to the adopted 

criteria, in which the patent documents were identified, by owners connected to academic institutions 

(universities) and without this criteria (not universities). Among these documents, 197 are invention 

patents, 29 are utility models and 02 are certified adding invention.  Also, the survey indicated that 

the Foundations for Research Support (FAP) as co-owners in some cases, especially the Foundations 

of the States of Minas Gerais and São Paulo that according to their respective statutes  they must 

appear as co-authors, mandatorily. 

Table 3 - Patent granted in Brazil, from 2000-2014 years, according to adopted criteria 

Ownerships Patents quantitaty  

University 205 

No university 23 

Total 228 

Source:  Own elaboration based on the result of the INPI database. 

After an individual anlysis from a total of 205 granted patent, it was found that approximately 9% met 

the criteria of this study as co-ownership, as shown in Table 4, that is, the sample used for analysis is 

made for 19 technologies protected by patents. 

The discussions in this study are made from data and other published studies. As a preamble and due 

to the objectives indicated in this work, two points must be highlighted. 

Table 4 - Universities with granted patents in co-ownership, according to adopted criteria 
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Abbreviation 

university¹ 

Number of granted 

patents  in 

co-ownership 

University applicant 

Number of patent 

lawsuits in the INPI 

database 

UFMG 3 Federal University of Minas 

Gerais 

PI 0105243-8 B1 

PI 0505952-6 

PI 0106765-6 B1 

UFPR 1 Federal University of Paraná PI 0406347-3 B1 

UFRJ 5 Federal University of Rio of 

Janeiro 

PI 0602360-6 B1 

PI 0500898-0 B1 

PI 0503121-4 B1 

PI 0007101-3 B1 

PI 0103916-4 B1 

UFSC 1 Federal University of Santa 

Catarina 

PI 0405915-8 B1 

UFSCAR 2 Federal University of São Carlos PI 0005482-8 B1 

PI 0303618-9 B1 

UFU 1 Federal University of Uberlândia PI 0704190-0 B1 

UNB 2 University of Brasilia PI 0102741-7 B1 

PI 0204019-0 B1 

UNICAMP 2 State University of Campinas PI 0504349-2 B1 

PI 0004738-4 B1 

UNISINOS 1 University of the Sinos River 

Valley 

PI 0000853-2 B1 

USP 1 University of São Paulo PI 0203251-1 B1 

Source: Own elaboration based on the result of the INPI database.  

Note: ¹ University abbreviation in Portuguese. 

First, universities are the owners of a larger number of granted patents, specifically ownership of 158 

occurrences of the 205 identified cases. However, this data does not means that there were not more 

requests, earlier or later from University in co-ownership, which can be quickly checked on the INPI 

database. Another source of information that shows the trend of sole proprietorship, is the Formict 

reports, published by the Ministry of Science, Technology (Brazil, 2012; 2013; 2014). 

It also highlights another assumption that companies have no interest in approaching the universities to 

form a relationship that can generate an industrial property registration, in particular, patents.  

Specially in 2000-2014 years, it can be seen the existence of various tax mechanisms and credit lines 

offered by the Government aimed at promoting and expanding the university-industry relationship. 

Again, this milestone proves to be still incipient. According government data from the Industrial 

Survey of Technological Innovation (PINTEC) (IBGE, 2013), universities reached  22.9% of 

importance as a source of information for innovation by industrial companies, that implemented 

product or process innovation in Brazil from 2009-2011 years, in contrast to the 73.3% of importance 

attributed to suppliers. 

There is a recurrent discussion about the celerity of patent applications and exams procedures in Brazil, 

considering thath the difference between the number of requests already granted and that still await 

final decision is significant.  According to statistics from the INPI (2014) in 2012 year, 4,798 patent 

applications are from  residents and 25,601 from non-residents, while respectively were 363 and 

2,467 becames granted patents. Here we have the second point of this discussion also inherent to 

universities.  As a holder of a patent, they may appeal to the legal principles of expectation of a right 
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to carry out technology transfer transactions, ie, the absence of definitive grant of a patent does not 

formally constitutes an initial barrier to these transactions. 

In fact, by granting the patent, which the university owns is property, a right. It will be important to 

clarify, then, what and how much is made up their organizational support, understood as departments 

and / or internal administrative routines that may  generate operational efficiency and effectiveness, 

strengthening interaction with private or governamental agents.  In the regard of the Brazilian 

institutions of science and technology, this organizational support acquired legal status, from the 

Innovation Law.  

8.2 Technology transfer 

Technology transfer is a process that can be understood as cyclical and multifaceted, being intrinsic to 

the stage of technological progress in a country. The literature presents different explanations of how 

and for what reasons the countries are at different stages of technological progress. The parameters, 

for example, evolutionary theory, there are three basic concepts for economic change: an 

"organizational routine", where the flexibility of the economic agent behavior is limited; a 'search' the 

organization to evaluate your routine, that can generate changes in different intensities; and a 

"selection environment" in which the organization operates, influenced by external factors, which 

reflect the potential for expansion or contraction of its activities (Nelson and Winter, 2005). 

In this investigation, technology transfer performs at the university as an economic and social agent, 

since it is a space made up of people and skills it offers different works to the society, especially the 

training of human resources and the dissemination of scientific knowledge. Adding this issues, the 

discussion about technology transfer, may be considered from an evolutionary approach, in which the 

university endowed with an "organizational routine", can promote reviews of their routines 

considering a "selection environment" characterized by the adoption of new legislation. It is analyzed, 

so that the transfer of technology has been gradually and different shapes, being more frequent 

appearance of Brazilian universities, and other ICTs, even if the object of the transfer can range, for 

example, on which the objects can be: licensing of intellectual property rights, know how, or 

laboratories sharing and equipments. 

These issues are, to a greater or lesser extent, strengthened in the course of the universities's 

"organizational routine".  According Garnica and Torkomian (2009) some universities from the State 

of São Paulo, have been structured for managing intellectual property more suitable to the challenges 

of technology transfer and commercialization of intellectual property assets by contracts, which has 

been a experience increasingly present in the NITs universities routine.  

The Figure 1 shows the result of the nineteen identified technologies. When asked about the process of 

transferring knowledge found in granted patents, it was found that eleven patents had no indication 

about this process.  There was not any response about five patents.  According the NIT six patents 

have its management under the control of other offices or joint holder. 
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Figure 1 - Occurrence of technology transfer reported by TTO 

Source:  Elaboration of authors. 

And among the objects of technology contracts, patents granted also part of the portfolio and 

constitute a management challenge for the NITs. In this investigation, the intellectual property rights 

that have been granted in co ownership, occured due to some factors presented by the respondents, as 

shown in Figure 2. In other hand, as another reasons, the main focus identified in the responses 

provided by TTO is related to pre-established development demands through cooperation, ie the terms 

that were established in partnerships to carry out the research. This result, even if there is relatively 

expected view that the development process of patent matters can be strongly influenced by the 

partnerships that the university established with companies or even other research institutions. It is 

necessary to discuss the repercussions of current legislation in Brazil, which determines what is not 

possible to request as patent. However, in the course of the patent application process, the co 

ownership does not imply a significantly stiffer administrative procedure. However, it does not 

prevent the contracts or research agreements, have stipulated that the university acts as the sole owner 

of the new knowledge generated eligible for registration, and other provisions establish the possible 

transfer of rights or licensing of registered intellectual property. 

 

Figure 2 - University of motivation to sign a co-tituladade 

Source:  Elaboration of authors. 

The identified technologies in which the transfer took place, the TTO reported that the process 

happened with some type of contract, without charge, establishing agreement on ownership of the 

patent application, transfer, license or technology exploitation. The University and one single person 

were the beneficiaries in these situations. Under the stage of the technology transfer process, it is fully 

completed, with contract signed between the parties. 
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In the case of patents where the offices showed that there was so far no transfer, the reasons given 

converge to an incipient organizational support, according the comments of offices: 

"There was not dedication and effort employed to bring this technology to companies. At the 

university (name) and the other holders, technology transfer was little encouraged, little known among 

the academia. The absence of a standard that would regulate this process, added the lack departments 

in institutions dedicated to promoting the transfer and lack of qualified human resources contributed 

negatively to technology transfer "(Source: Office 3 - Survey by questionnaire).. 

"The company has not demonstrated economic condition of placing the technology on the market and 

there were no other interested so far." (Source: Office 10 - Survey by questionnaire). 

In this discussion, were analyzed the fact of co-ownership may be a complicating or facilitator in the 

negotiation process for technology transfer. The responses reported in the questionnaires show that the 

patent co-ownership was mentioned as an indifferent factor in 71% of cases and was considered a 

positive factor in 29%. And in some situations, it was considered positive, according the following 

arguments: "The collaborative research with a private company originates in finding a specific 

solution to market. This makes it easier to search result to reach society "(Source: Office 2 - Survey by 

questionnaire).. This co-ownership "(...) attests that the protected object is the result of joint efforts of 

a university and a company, which gives visibility to the university and the company." (Source: Office 

5 - Survey by questionnaire). Thus, the co-ownership does not stand out as a decisive element for the 

transfer process, despite signs of positive aspects in this kind of cooperation. 

Within universities, technology transfer also requires an important decision-making as regards the 

issue of exclusivity on the contract, that is, this clause would  include the features on the exploitation 

of creation generated in these institutions, giving the opportunity to do negotiations together by one or 

more stakeholders. The total amount involved in the contracts, in turn, has grown, according to Figure 

3, with a significant jump in 2010. It can be inferred that this quantitative behavior is related to a 

convergence of factors such as the various government initiatives raise financing mechanisms 

technological research, therefore expanding the portfolio of solutions offered by universities, 

exemplified by the increasing number of patent registration requests. 
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Figure 3 - Amount of technology contracts, years 2009-2013 

Source: BRASIL (2014, p.43) 

The analysis of technology transfer process includes different stages, and the recognition that it 

negotiating is imminent. About this it is necessary to consider some aspects for discussion. (I) the 

negotiation is "a process as it occurs in time, associated with the past (planning), this (execution) and 

future (control); It is a process that originates from a previous situation of conflict and hopes to 

position itself in the future in a convergence of situation, presenting therefore movement "(Carvalhal, 

2001,p. 23). (ii) In this process it is necessary to identify each negotiation that may linked to strategic, 

tacit or operational dimension of an organization, and this action facilitates the definition of the level 

of resources that will be employed, and trading in strategic dimension deserves more attention, to 

mean the possibility of greater impacts (Andrade; Alyrio; Macedo, 2004). (iii) Trading recommends 

individual skills and organizational capacity to manage and restrictive driving forces of this process, 

where the organizational capacity implies the support of upper management bodies and the 

commitment to ensure continuity in the operation conditions so that we can seize the opportunities that 

emerge from changes in the consumer market. (Wanderley, 1988). Thus, a correlation can be made 

with these literature references are within universities, the technology negotiation process is also 

dynamic, as the patented technology, is relatively susceptible to obsolescence. The inherent goal of 

this process, it deserves contemplate the phases of planning, execution and control, is to make 

company and university have benefits, ie constitutes an interaction "win-win", in which each of the 

parties have met their interests priority. So, how to identify the strategic dimension, or not, in every 

negotiation, and ensure training of the people involved and the university is also internally prepared to 

continue this process. Thus the condition of few patent negotiations already granted or being analyzed 

by the INPI, is a issue that may  demonstrate weaknesses related to patent monitoring operations.. 

5.  POLICY IMPLICATIONS, AND DIRECTIONS FOR FURTHER RESEARCH 

The universities have different ways to manage its technology transfer procedures, acting in 

accordance with institutional priorities. In this sense, this investigation has shown that the 

management of granted patents is a challange for NITs and  there still difficulties to be faced. These 
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difficulties may cause, for example, in few negotiations in the scope patent already granted or been 

examinaned by the INPI. Factors such as regulatory instruments are not sufficiently adequate and it 

may bringing legal uncertainty, causing difficulties in agreements negotiations, especially in the case 

of the terms made by Brazilian Governamental Institution.   

In spite of these difficulties, data obtainded from Formict (Brazil, 2012; 2013; 2014) signaled that 

from the beginning of the decade of 2010, an increase of the amount and number of signed technology 

contracts. Future discussions may be proceed in the scope of these transfers, analyzing, for example, 

the complete profile of the owners.  As data from Formict are confidential, so it shows only those 

contracts took place during the year. So that does not explain fully for the academic or industrial 

researcher, some aspects that may be important for the agreements management, considering the  

differences in the interaction between public and private agents, for example.  

Also, a relevant aspect related to management of NITs is staff trainings, aimed at training 

professionals to perform activities that require great expertise.  In this sense, the Intelectual Property 

Academia, from INPI, has educational specialized programs, providing a number of specialized 

courses for different publics, including universities. There are still a Master and Doctorate Program in 

Intellectual Property and Innovation.  
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Abstract: The interaction among innovation actors of regions plays important role for regional 

innovation capacity. This study explores the interaction among innovation sectors (university, 

research institute and industry) in the regional level by using Triple Helix Indicator, based on the 

patent data in SIPO. The result shows that (1) in terms of single type assignee, the industries have the 

largest number of patents; in terms of assignee among three sectors, UI, UR, RI and URI 

collaborations have improved, but they still weak; (2) The triple helix among universities, research 

institutes and industries experience the shift from high mutual information exchange between research 

institutes and industries, toward high mutual information between research institutes and industries, 

as well as between universities and industries, and then between universities and industries; (3) The 

universities play increasingly important role in the Triple Helix with the government policy efforts; (4) 

there are differences in the structure of Triple Helix relations in different regions. And the regions 

collaboration patterns has changed in different periods. 

Key words: Regional URI Collaboration; Triple Helix; China; Mutual Information 
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1. Introduction  

As a basic module of RIS, regional innovation network is an important form in the regional innovation 

activity. The interaction among innovation actors play important role for regional innovation capacity 

[1]
. While so far the research on regional innovation capacity has mainly focused on the interaction 

among innovation elements 
[2, 3]

, the interaction among innovation actors are equal important 
[4]

. 

Triple Helix innovation pattern reflects the relationship of university, industry and government (UIG) 

[5]
. The triple helix denotes a transformation in the relationship among UIG as well as within each 

sphere. It emphasizes the interaction and collaboration of UIG, with each entity keeping its 

independence at the same time 
[6, 7]

 and the linkages among UIG are critical to improve innovation 

performance. This model has been widely used in studies of the knowledge-based economy and 

innovation. Leydesdorff proposed a scientometrics indicator of triple helix thesis in terms of the 

mutual information in three dimensions, and calculated the indictors of countries. The result showed 

that the triple helix of countries is imbalanced 
[8]

. Park and Leydesdorff used this triple helix indicator 

to study the progression of the Knowledge-based economy in South Korea. Besides, some scholars 

make comparison of countries based on the triple helix 
[9]

. Park et al. used triple helix indicator to 

compare the innovation system of South Korea and Netherland 
[10]

. Ye et al. compared the dynamic 

evolution of the triple helix among developed and developing nations in terms of cross-sectional 

co-authorship relations 
[11]

.  

Based on the above analysis, researchers had expands the research scope from simple collaboration 

between the three sectors to crossing national borders. Leydesdorff and Sun showed that networks of 

foreign co-authorship relations had become the most important mediator in Japan‘s national 

innovation system 
[12]

. After that, Kwon traced the structural patters of co-authorship between Korean 

researchers in university, government, industry and their international partners 
[13]

.  

Besides, the innovation patterns of latecomers had attracted more attentions. Shin analyzed the 

research productivity of Sandi academics using the triple helix model. Hossin investigated the 

dynamics of knowledge base of R&D in Bangladesh from the perspective of triple helix 
[14]

. Liang and 

Zhu described the pattern of China‘s inter-regional research collaboration, and analyzed how the 

collaborative pattern was formed 
[15]

.  

In recent years, intraregional or interregional collaborations had also attracted considerable attentions 

for researchers and policy makers 
[16]

. It is generally thought that the difference in innovation 

capabilities and economic performance between regions is at least partly due to different exchange 

patterns. Especially China, as an emerging country, got a rapid growth in recent years 
[16]

, whose 

regional innovation system also attracted more and more attention. Gao et al. investigated patent 

collaborative knowledge production in China and its limitations for national and regional innovation 

system of China 
[16]

. Chen and Guan researched the patent collaboration performance of Chinese 

organizations and regions in the field of biotechnology 
[17]

. Lei et al. examined the inventive activities 
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and the collaboration pattern of UIG in China, and it was found that the inventive activities of China 

have experienced three development phases from etatistic model, followed by improved ―laisse-faire‖ 

model, and then shifting toward triple helix model 
[4]

. Sun and Cao advanced a research agenda around 

a two-dimensional quadrant analytical framework to investigate regional research collaboration in 

China 
[18]

. Thus, investigating the complex set of relationships among innovation organizations in 

regional level is of great significance.  

This paper represents the first effort to explore the interaction among three sectors (universities, 

research institute and industries) in the regional level by using Triple Helix indicator. Specifically, we 

are interested in the following questions: (1) What is the characteristics of interaction (synergy) among 

URI in the regions? (2) What are the dynamic patterns of the mutual information exchange of regions? 

Answers to these questions will help understand the characteristic and patterns of regional URI 

collaboration in China. 

The reminder of the paper is structured as follows. Section 2 introduces the Method and Data. Section 

3 is the results, including the static comparison of mutual information of regions, the dynamic analysis 

and the cluster analysis results. Section 4 puts forward the model of URI relationships of regions in 

China. Section 5 concludes. 

2. Method and Data 

Triple Helix Indicator 

The concept of information theory is a good tool for measuring and comparing network characteristics 

[19, 20]
. This paper uses Triple Helix (TH) indicator to measure the network structure at a regional level. 

TH indicator is introduced by Etzkowitz and Leydesdorff for measuring the dynamics of UIG relations 

[5]
. It shows the specific configurations of university-industry-government relations of Triple Helix 

dynamics in a knowledge-based innovation system. A negative value of TH indicator indicates a 

reduction of the uncertainty, and it can therefore be considered as a measure of synergy in UIG 

relationship 
[11]

. More negative values indicate a reduction of uncertainty, whereas more positive 

values indicate differentiation among the three spheres. For this study, the Triple Helix indicator is 

measured as following. 

The information entropy of a discrete random variable i is defined as: 

2logi i iH p p                                        (1) 

The joint entropy of a pair of discrete random variables (i and j) is defined as: 

2logij ij ij

i j

H p p 
                                   (2) 

The mutual information of i and j can be considered as follows: 

ij i j ijT H H H                                          (3) 

The mutual information in three sectors can be formulated as: 

uri u r i ur ui ri uriT H H H H H H H                         (4) 
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Where u represents university, r represents research institution, and i represents industry. Hu, Hr, Hi, 

Hur, Hui, Hri, and Huri are respectively information entropy. 

In the study of Shin et al., there are two ways of including international collaboration in the model 
[21]

. 

One approach is to add the international sector as a fourth actor and model the quadrilateral 

relationship. Another approach is to expand the triple helix relationship including international 

collaboration within the trilateral relationship. In the studies of Kwon et al. and Leydesdorff and Sun, 

international collaboration is added as a fouth actor (Tuigf) and the result shows that the gaps between 

without international collaboration(Tuig) and with international collaboration(Tuigf) have been 

narrower since 1990s in Korea and Japan respectively 
[12, 13]

. By adding an interntional collaboration as 

a fourth sector, the mutual information exchange increases and uncertainty decreases. 

In China, most regions have bigger pool inter-regional collaborations and produce more patents with 

inter-regional collaborators.We decompose intra-regional and inter-regional collaboration by three 

sectors (university, research institute and industry) and assign the interregioanl collaboration to each 

sector. By this way, we reduce the ―overestimated‖ collaboration effects that were caused by 

within-sector collaboration in the Turif model.  

Data 

Patents, which provides a valuable source of information on the innovation activities, are used for this 

research. Despite having some limitations, patent datas are widely used in innovation studies. In 

particular, using the data of Chinese patent applications at USPTO, Lei et al. show that the inventive 

activities of university-industry-government in China have experienced three development phases with 

innovation strengths shifting from government or university to research institute 
[4]

. Inventors involved 

in international collaborative research tend to apply patents in international patent offices such as 

USPTO
 [20]

. However, it cannot fully reflect the reality of regional research collaboration. Given the 

fact that China‘s domestic inventors mainly apply patents in SIPO, this study uses utility patents from 

the State Intellectual Property Office (SIPO) between 1985 and 2008, to investigate China's regional 

collaboration. SIPO maintains a database with complete patent information since 1985, when China 

enacted its Patent Law, authorizing SIPO the responsibility of handling patent applications in China 

[22]
. Studies using the Chinese invention patent data available at SIPO expand the literature based on 

the USPTO data 
[4,16]

. In fact, there are several advantages for this approach.  

First, USPTO has only a small portion of Chinese invention applications, the majority of the Chinese 

patent applications are in the SIPO. Therefore, the SIPO data provide a more comprehensive picture of 

innovation in China. Second, we only use the data of invention patent applications, with higher quality  

than that of utility models and designs. Although the overall quality of patents in SIPO might be lower 

than that in USPTO, it has no effect on our investigation of research collaboration. Thirdly, we use the 

date of patent applications rather than patent grants because not only the rates of grants are low but 

also the application date represents the time when the collaboration leading to the patent was actually 

completed 
[18]

. 
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We take 31 provinces and municipalities as the unit of regions. The process of extracting patent 

information from the SIPO database is as follows. 

At first, we obtained from the database such assignee information as patent number, names of 

inventors, names of assignees, and residence information of the first assignee including street address, 

city, province and so on. Through Internet search, we obtained the residence information of other 

assignees. In this way, our data bring together information on geographic locations of all assignees 

listed on a patent.  

Secondly, we distinguished types of organizations involved in collaboration. By appropriately setting 

search conditions, we determined a patent jointly applied by university and research institute, 

university and industry, or esearch institute and industris. For industries, assignee names could include 

a company (Gongsi), a factory (Chang), a group (Jituan), an enterprise (Qiye), mine (Kuang) or a 

combination of several of them (e.g.,Qiye Jituan Gongsi). Similarly, the assignee names of university 

could be a university (Daxue), a school (Xuexiao), and the assignee names of research insititute could 

be a R&D institute (Yanjiusuo or Yanjiuyuan of Yanjiuzongyuan), a lab (Shiyanshi), a center 

(Zhongxin), a designing institute (Shejiyuan) or an academy of sciences (Kexueyuan).  

Finally, we first searched patents whose assignees include enterprises (Set 1) and patents whose 

assignees include university (Set 2), and patents whose assignees include research institute (Set 3). 

Then we searched Set 1 for patents whose assignees also contain university (Set 4–UI collaboration), 

and for patents whose assignees also contain research institute (Set 5–RI collaboration) before figuring 

out collaboration between enterprises by subtracting Set 4 and 5 from Set 1 (Set 6–II). Similarly, we 

searched Set 2 for patants whose assingnees also contains research institute (Set 7–UR collaboration) 

before figuring out collaboration between university by subtracting Set 4 and 7 from Set 2 (Set 8–UU). 

We searched collaboration between academic institutions by subtracting Set 5 and 7 from Set 3 (Set 9). 

And we searched Set 4 for patents whose assignees also includes research institute (Set 10–URI 

collaboration).  

Thus, Set 6(II), Set 8(UU) and Set 9(RR) are single type assignee patents; Set 4(UI collaboration), Set 

5(RI collaboration) , Set 7(UR collaboration) and Set 10(URI collaboration) are bilateral or tripartite 

collaboration patents among three sectors. 

In order to illustrate the dynamics of URI collaborative innovation, we divide the entire period into 

three periods of equal length: 1985-1992(Period 1), 1993-2000(Period 2), and 2001-2008(Period 3) for 

two reasons. One is the evolution of China's patent system and IPR protection. Patent Law of the 

People's Republic of China was promulgated in 1984 and was in force in 1985. So 1985 is the start 

year of patenting in China. Second, these years are also coincidently important from the perspective of 

China's reform and open-door policy, especially with respect to technology and innovation.  

In Period 1, the Chinese Communist Party Central Committee and the State Council issued the 

Decision on the Reforms of the Science and Technology System, after Deng Xiaoping made an 

important speech entitled The Reform of the S&T System Is to Liberate the Productive Forces during 
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the National Science and Technology Work Conference in 1985; This S&T reform boosted the 

enthusiasm of Chinese universities, research institutes and indutries to be innovative, of which 

collaboration has been one of the main approaches. From then on, China pushed forward to orient its 

S&T system toward serving the economy 
[20]

, which in turn would increasingly depend on the S&T 

development and better integrate S&T and the economy. At this early stage of the S&T development 

and transition toward a market-oriented economy when the Patent Law was also recently enacted, 

there were not many patent applications. 

In Period 2, Deng Xiaoping's southern tour signalled the dawn of Chinese economic reforms, and 

China came into a new era of S&T and innovation development in 1992. The Chinese state had also 

issued policies to encourage collaboration. For example, in 1992, the State Education Commission 

(now the Ministry of Education), the State Economic and Trade Commission (repealed in 2003), and 

CAS lunched the ―Joint Development Programme of Industry-University-Research Institution 

(IUR)‖
[18]

. Then, the central government encouraged research collaboration via establishing joint units 

and cooperation platform, such as joint research and development centers, enterprise technology 

transfer centers, university science parks, joint committees of university–enterprise cooperation for 

research collaboration.  

In August 1999, the Chinese government issued the Decision on Strengthening Technological 

Innovation, Developing High Technology and Realizing Industrialization, clarifying the task to speed 

up industrialization of S&T achievements. Strengthening the linkages between the economy and S&T 

has become most important and urgent for the reform of the S&T system. With the deepening of the 

economic reform after 1992 and in particular after 2000, an organization could decide whether and 

with whom to collaborate based on its own interests and the market rules.   Then in 2001, China 

joined the World Trade Organization (WTO) and became a member of the TRIPS agreement, which 

indicated that Chinese S&T system began to be integrated into the global innovation network. 

3. Result 

The patent output number of universities, research institutes and industries and their collaboration in 

1985-2008 is obtained(see Appendix Table 1). In terms of the single type assignees, the industries (I) 

have the largest patent production. In terms of co-assignee among three sectors, the collaborations 

between universities and industries (UI) are the most popular pattern, followed by universities and 

research institutes (UR) collaboration, research institutes and industries (RI) collaborations. 

The patent number of single type assignees and their collaborations in Period 1, Period 2 and Period 3 

are obtained, respectively(see Appendix Table 2-4). In Period 1, for single type assignee, universities, 

research institutes and industries have nearly the same number of patents. In terms of co-assignee 

among three sectors, UR, UI and RI also have nearly the same quantity. Beijing has the largest number 

of URI collaborations (33), followed by Liaoning (9). Other regions have less than 6. There is no URI 

collaborations in 15 regions. 
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In Period 2, for single type assignee, the industries (I) own the larger number of patents for regions, 

except Hubei and Jilin. UI and RI have nearly the same numbers for all regions. Beijing has the largest 

number of URI collaborations (81), followed by Shanghai (62), Guangdong (25), Liaoning (16). The 

number of URI collaborations in other regions is less than 8. In Period 3, for single type assignee, the 

industries (I) have the largest number of patents for all regions, which is far more than universities (U) 

and research institutes (R). And UI collaborations dominate. Beijing is still own the largest number of 

URI collaborations (233), followed by Shanghai (137), Guangdong (59), Zhejiang (48) and Jiangsu 

(34). Other regions have less than 16. 

It is found that the level of universities, research institutes and industries participation is increasing; in 

particular, industries have become the main body of innovation, in terms of the patent number of 

industries (I) for single type assignee and the number of UI collaborations. URI collaborations have 

improved, but only few regions are strong, other regions are still weak. 

The static comparison of mutual information among regions 

Using the above Eq.4, the values of Turi for each region can be calculated. The result is in Fig.1. In 

Fig. 1, the values of Turi are ranked in terms of decreasing negative values, ranging from -0.963 to 

-0.397 mbits. The regions with high synergy are at the left side of the figure, whereas the synergy of 

regions at the right end is much lower. Xinjiang ranked first with the highest synergy, followed by 

Beijing, Yunnan, Anhui, Gansu, Qinghai, Hebei, Sichuan, Shanxi and Liaoning, whose Turi values are 

lower than -0.8 mbits. In contrast, Guangdong has the lowest synergy followed by Tianjin and Xizang 

whose Turi values are less than -0.5 mbits. Other regions are in the middle level. 

 

Fig 1  Turi in mbits of regions in 1985-2008 

The dynamic analysis from Period 1 to Period 3 

The Tur, Tui, Tri and Turi for each period is obtained using the Eq. 1-4. Fig. 2, Fig. 3 and Fig. 4 show 

the mutual information measured in bilateral and tripartite relations between TH sectors in period 1, 

period 2 and period 3, respectively. Noteworthy is that mutual information exchange among the three 

sectors decreased. The Turi values range from -0.413 mbits to -1.493 mbits in Period 1, from -0.202 

mbits to -1.246 mbits in Period 2, and from -0.306 mbits to -0.957 mbits in Period 3. 
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In Period 1, the mutual information exchange in the bilateral RI relation has a bigger value in most of 

regions, which means the collaboration between research institutes and industries is close. Especially, 

Liaoning, Guizhou, Yunnan, Shandong, Ningxia, Inner Mongolia, Qinghai and Hainan have higher Tri 

values, while their Tuir is relatively lower. Noteworthy is that the regions with higher Tri has 

relatively lower values of Turi. There is reciprocal relationship between the bilateral and tripartite 

mutual information exchange. The main reason is that there are competitive and alternative 

relationships between them, when the total number of collaborations is constant. Thus, there is 

replacement effect between bilateral and tripartite collaborations. At this period, the collaboration 

between industries and research institutes is encouraged because China‘s research resources were 

mainly concentrated on the national research institutes such as Chinese Academy of Science (CAS) 

while industries were weak in terms of their innovation capacity. The connections between university 

and industry are relatively weak. 

 

Fig 2  Mutual information measured in bilateral and tripartite relations in Period 1 

 

 

Fig 3  Mutual information measured in bilateral and tripartite relations in Period 2 
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Fig 4  Mutual information measured in bilateral and tripartite relations in Period 3 

In Period 2, the mutual information exchange of the RI collaborations is still high in some regions. 

Besides, in some regions, the mutual information exchange of the UI collaborations becomes high. At 

this period, the central government takes some measures to encourage research collaborations, such as 

establishing joint units and cooperation platform, including joint research and development centers, 

joint committees of university-enterprise collaboration, enterprise technology transfer, and university 

science and technology parks for research collaborations. The policy inspires enterprises to be more 

innovative and to pursue patent protection, and enhances their technology capability. 

In Period 3, the mutual information exchange in the bilateral UI relationship increased than before for 

most regions, such as Zhejiang, Shaanxi, Hubei, Fujian, Chongqing, Hunan, Jiangsu, Heilongjiang, 

Jiangxi and Tianjin, whose Tui values is higher than 0.4. It replaces the higher mutual information 

exchange in the bilateral RI relationship in Period 1. At this period, Chinese government policy 

encourages the industry to be the main body of innovation. At the same time, university, as the source 

of new knowledge and technology, plays an important role in the innovation. Thus, the collaboration 

between university and industry is active, to transform the knowledge into productivity. 

Table 1 shows the Top 10 and Bottom 10 regions based on Turi values ranking in each period. From 

Period 1 to Period 3, the rank of regions has changed a lot. In Period 1, Anhui, Shanxi, Tianjin, 

Zhejiang, Hebei, Fujian, Hubei, Chongqing, Heilongjiang and Beijing are the top 10 regions. The Turi 

value in Anhui is higher than other regions obviously. The bottom 10 regions are Liaoning, Guizhou, 

Yunnan, Shandong, Ningxia, Xinjiang, Inner Mongolia, Qinghai, Hainan and Xizang. Except Xizang, 

other nine regions have higher Tri, while the Tur and Tri is nearly zero. Thus, their synergy of URI is 

low. 
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Table 1  Ranking Result by Turi 

Period Top 10 regions Last 10 regions 

Period 1 

(1985-1992) 

Anhui, Shaanxi, Tianjin,  

Zhejiang, Hebei, Fujian,  

Hubei, Chongqing, Heilongjiang, 

Beijing 

Liaoning, Guizhou, Yunnan, 

Shandong, Ningxia, Xinjiang, 

Inner Mongolia, Qinghai, Hainan, Xizang 

Period 2 

(1993-2000) 

Beijing, Liaoning, Tianjin,  

Sichuan, Anhui, Chongqing,  

Gansu, Jilin, Jiangsu, Hubei 

Xizang, Hunan, Qinghai, 

Guangdong, Shandong, Guizhou, 

Inner Mongolia, Hainan, Jiangxi, Ningxia 

Period 3 

(2001-2008) 

Xinjiang, Yunnan, Qinghai,  

Beijing, Gansu, Anhui,  

Shanxi, Sichuan, Hebei, Liaoning 

Shandong, Jiangsu, Henan, 

Guizhou, Inner Mongolia, Heilongjiang, 

Jiangxi, Tianjin, Guangdong, Xizang 

In Period 2, Beijing, Liaoning, Tianjin, Sichuan, Anhui, Chongqing, Gansu, Jilin, Jiangsu and Hubei 

are top 10 regions. Beijing, Liaoning and Tianjin are top 3 in the ranking list. They are the relatively 

advanced regions at that time. In contrast, Xizang, Hunan, Qinghai, Guangdong, Shandong, Guizhou, 

Inner Mongolia, Hainan, Jiangxi and Ningxia are the bottom 10 regions. They are the relatively less 

favored regions at that time. Thus, at this period, there is a connection between active knowledge 

exchange among three actors and their economic growth. 

In Period 3, Xinjiang, Yunnan, Qinghai, Beijing, Gansu, Anhui, Shanxi, Sichuan, Hebei and Liaoning 

are the top 10 regions. Xinjiang and Yunnan are the top 2. It is found that the Xinjiang University and 

Kunming University of Science and Technology have more contributions to the synergy of three 

sectors. From Period 2 to Period 3, the Turi values increase in only six regions (Xinjiang, Yunnan, 

Qinghai, Hainan, Jiangxi, Ningxia; see Appendix Figure 1). In contrast, Shandong, Jiangsu, Henan, 

Guizhou, Inner Mongolia, Heilongjiang, Jiangxi, Tianjin, Guangdong and Xizang are the bottom 10 

regions. Guangdong has a lower value of Turi due to much higher numbers of industry-owned patents. 

From Period 1 to Period 3, the rank of synergy in the top 10 regions has changed a lot. In contrast, the 

bottom 10 regions have a little change. Guizhou, Shandong, Inner Mongolia and Xizang are at the 

bottom 10 regions all the time. And Ningxia, Qinghai, Hainan and Jiangxi have appearance twice, 

respectively. 

Cluster analysis of regions based on the mutual information among URI collaboration 

Investigating the top and bottom 10 regions might hide significant patterns that appear just below or 

above the top or bottom 10. In order to identify the mutual patterns of universities, research institutes 

and industries in each region, we cluster 31 regions based on Tur, Tui, Tri and Turi. K-means cluster 

method is taken. Table 2 shows the result of cluster analysis from Period 1 to Period 3. 

In Period 1, the Cluster 1 includes Anhui, Shaanxi, Zhejiang, Fujian, Hubei and Chongqing. This 

group has a high value in Turi, and neutral values in Tui, Tur and Tri. They have high synergy degree 

in URI. The second cluster includes Ningxia, Xinjiang, Inner Mongolia, Qinghai and Hainan. These 



 

 94 

regions have a strongest value in Tri with a lower value in Turi. They are less favored regions. The 

third cluster includes other 20 regions; these regions show a very balanced profile in Tur, Tui, and Tri. 

Their economy is relatively advanced. 

In Period 2, the Cluster 1 includes Beijing, Liaoning, Tianjin, Sichuan, Anhui, Chongqing, Gansu, 

Jilin, Hebei, Yunnan, Heilongjiang, Guangxi, and Xinjiang. These regions have modest values in Tur, 

Tui, Tri and Turi. The second cluster includes Henan, Qinghai, Guizhou, Inner Mongolia, Hainan, 

Jiangxi and Ningxia. They show a higher Tri, with a lower Turi. Among them, Qinghai, , Inner 

Mongolia, Hainan and Ningxia keep the same pattern in Period 1. Cluster 3 includes other 11 regions. 

They show a higher Tui, with a medium level of Turi. 

Table 2  Cluster  results base on the Tur, Tui, Tri and Turi indicators 

Period 1 Period 2 Period 3 

Tuir 

order 

Region Clus

ter 

Distanc

e 

Tuir 

order 

Region Clus

ter 

Distanc

e 

Tuir 

order 

Region Clus

ter 

Distanc

e 

1 Anhui 1 0.24423 1 Beijing 1 0.28728 1 Xinjiang 1 0.18514 

2 Shaanxi 1 0.07798 2 Liaoning 1 0.12423 2 Yunnan 1 0.15739 

4 Zhejiang 1 0.09843 3 Tianjin 1 0.1821 3 Qinghai 1 0.36875 

6 Fujian 1 0.08042 4 Sichuan 1 0.12451 4 Beijing 1 0.08757 

7 Hubei 1 0.11035 5 Anhui 1 0.142 5 Gansu 1 0.12771 

8 Chongqing 1 0.10731 6 Chongqing 1 0.16091 6 Anhui 1 0.18161 

3 Tianjin 3 0.24262 7 Gansu 1 0.14955 7 Shanxi 1 0.1659 

5 Hebei 3 0.19844 8 Jilin 1 0.10757 10 Liaoning 1 0.09601 

9 Heilongjia

ng 

3 0.08667 11 Hebei 1 0.15632 11 Hainan 1 0.19784 

10 Beijing 3 0.1941 12 Yunnan 1 0.11187 15 Ningxia 1 0.16979 

11 Sichuan 3 0.13754 14 Heilongjia

ng 

1 0.12007 16 Jilin 1 0.19205 

12 Gansu 3 0.06299 15 Guangxi 1 0.18794 8 Sichuan 3 0.18585 

13 Jiangxi 3 0.15933 17 Xinjiang 1 0.20798 9 Hebei 3 0.18782 

14 Guangdon

g 

3 0.1357 20 Henan 2 0.24853 12 Zhejiang 3 0.18211 

15 Hunan 3 0.0735 24 Qinghai 2 0.27984 13 Shaanxi 3 0.13493 

16 Guangxi 3 0.22266 27 Guizhou 2 0.1239 14 Hubei 3 0.11774 

17 Henan 3 0.12319 28 Inner 

Mongolia 

2 0.16827 17 Fujian 3 0.06866 

18 Shanxi 3 0.14763 29 Hainan 2 0.26161 18 Shanghai 3 0.07444 

19 Suzhou 3 0.123 30 Jiangxi 2 0.14833 19 Chongqing 3 0.12435 

20 Shanghai 3 0.18767 31 Ningxia 2 0.348 20 Guangxi 3 0.0727 

21 Jilin 3 0.19749 9 Suzhou 3 0.14361 21 Hunan 3 0.1666 

22 Liaoning 3 0.21176 10 Hubei 3 0.14401 22 Shandong 3 0.06259 

23 Guizhou 3 0.30525 13 Zhejiang 3 0.09605 23 Suzhou 3 0.07841 

24 Yunnan 3 0.15209 16 Shanxi 3 0.12624 24 Henan 3 0.17074 

25 Shandong 3 0.17735 18 Fujian 3 0.04259 26 Inner 

Mongolia 

3 0.1708 

26 Ningxia 2 0.27667 19 Shanghai 3 0.14919 27 Heilongjia

ng 

3 0.17776 

27 Xinjiang 2 0.18669 21 Shaanxi 3 0.12602 28 Jiangxi 3 0.15767 

28 Inner 

Mongolia 

2 0.14952 22 Xizang 3 0.30847 29 Tianjin 3 0.2378 

29 Qinghai 2 0.21163 23 Hunan 3 0.22407 30 Guangdon 3 0.31221 
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g 

30 Hainan 2 0.23976 25 Guangdon

g 

3 0.14305 25 Guizhou 2 0.14288 

31 Xizang 4  26 Shandong 3 0.19557 31 Xizang 2 0.14288 

In Period 3, the first cluster includes Xinjiang, Yunnan, Qinghai, Beijing, Gansu Anhui, Shanxi, 

Liaoning, Hainan, Ningxia and Jilin, which is characterized by a higher value in Turi and neutral 

values in Tur, Tui and Tri. Cluster 2 includes only Guizhou and Xizang. These two regions show a 

strong value in Tri and a lower value in Turi. Cluster 3 includes other 18 regions, which are the 

relatively advanced regons. They show a higher value in Tui, and a neutral value in Turi. The 

collaboration between university and industries is active, especially in Shanghai, Jiangsu, Fujian, 

Shandong and Zhejiang. 

4. Model of URI relationships of regions in China 

According to the research results of mutual information exchange and cluster analysis of regional URI 

collaboration in China presented in the previous two sections, the URI relationship models in three 

periods is described in Fig.6. There are differences in the structure of Triple Helix relations between 

university, research institute and industry for different periods. In Period 1, the mutual information 

between research institutes and industries is higher for most regions. There are totally 20 regions 

whose Tri is higher than Tur and Tui. Cluster 2 in period 1 is the representitives including Ningxia, 

Xinjiang, Inner Mongolia, Qinghai and Hainan. 

In Period 2, the configuration between research institute and industries is higher in some regions. At 

the same time, mutual information exchange between university and industries becomes higher for 

most regions. It is the co-existence of high mutual information between research institutes and 

industries, as well as universities and industries. The former is Cluster 2 in Period 2, including Henan, 

Qinghai, Guizhou, Inner Mongolia, Hainan, Jiangxi and Ningxia; the latter is Cluster 3 in Period 2, 

including Jiangsu, Hubei, Zhejiang, Shanxi, Fujian, Shanghai, Shaanxi, Xizang, Hunan, Gudongdong 

and Shandong. 

In Period 3, the mutual information between universities and industries becomes higher for most 

regions. There are totally 20 regions, whose Tui is higher than Tur and Tri. Cluster 3 in period 3 is the 

representitives including Sichuan, Hebei, Zhejiang, Shaanxi, Hubei, Fujian, Shanghai, Chongqing, 

Guangxi, Hunan, Shandong, Jiangsu, Henan, Inner Mongolia, Heilongjiang, Jiangxi, Tianjin and 

Guangdong. Thus, the models have experienced the shift from high mutual information exchange 

between research institutes and industries, toward high mutual information between research institutes 

and industries, as well as universities and industries, and then high mutual information between 

universities and industries. 

It is worthy to note that the university plays a more and more important role in the regional innovation 

system. This attributes to two aspects. Firstly, the patent number of university is increasing. With the 

implementation of ―985‖ and ―211‖ projects of university, the innovation capability of universities 

increases. Especially, the Several Opinions on Strengthening Intellectual Property Rights and 
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anagement Related to the Technology issued by Ministry of Science and Technology (MOST) in 1999, 

and  the Several Rules about Intellectual Property Management of National Scientific Research 

Project Research Achievements joined by Ministry of Finance(MOF) and MOST in 2001, which are 

called ―Chinese Bayh-Dole Act‖ inspires the university to apply patents. Secondly, in recent years, the 

industry-university-research institute cooperation promotion policies induced a huge increase in patent 

applications by universities and industries. 

 

 

Fig.6 Model of URI relationships of regions from Period 1 to Period 3 

5. Conclusion 

Using the Triple Indicator, this study explores the interaction among innovation actors in the regional 

level from the static and dynamic perspective. Based on the characteristic of URI collaboration and the 

cluster analysis of the mutual information among URI collaboration, this research puts forward the 

model of URI relationships of regions in China . It is concluded that: 

Firstly, in terms of single type assignee, the industries (I) have the largest number of patents. In terms 

of assignee among three sectors, UI, UR, RI and URI collaborations have improved, but they still 

weak. In future, the collaboration among three sectors to enhance the regional innovative capabilities, 

which is consistent with Gao et al‘s study using the USPTO patents. 

Secondly, the Triple Helix indicator Turi decreased from Period 1 to Period 3. The triple helix among 

universities, research institutes and industries experience the shift from high mutual information 

exchange between research institutes and industries, toward high mutual information between research 

institutes and industries, as well as universities and industries, and then high mutual information 

Period 1 Period 2 Period 3 Time
me 

Pattern
me 

High mutual information 
exchange between 
research institutes and 
industries 
(Ningxia, Xinjiang, Inner 
Mongolia, Qinghai, 
Hainan) 

High mutual information 
exchange between 
research institutes and 
industries 
(Henan, Qinghai, Guizhou, 
Inner Mongolia, Hainan, 
Jiangxi,Ningxia) 
High mutual information 
exchange between 
universities and industries 
(Jiangsu, Hubei, Zhejiang, 
Shanxi, Fujian, Shanghai, 
Shaanxi,Xizang,Hunan, 
Gudongdong, Shandong) 
 

High mutual information 
exchange between 
universities and industries 
(Sichuan, Hebei, Zhejiang, 
Shaanxi, Hubei, Fujian, 
Shanghai, Chongqing, 
Guangxi, Hunan, Shandong, 
Jiangsu, Henan, Inner 
Mongolia, Heilongjiang, 
Jiangxi,Tianjin,Guangdong) 
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between universities and industries. The universities play increasingly important role in the Triple 

Helix with the government policy efforts. 

Thirdly, there are differences in the structure of Triple Helix relations between universities, research 

institutes and industries of different regions. And the regions collaboration patterns has changed in 

different periods. 

The limitation of this study is that URI relations can be considered as a complex system, in which 

many factors interact in a complex way. Therefore, further study with other domain of triple helix may 

be valuable. Beside, other indicators other than co-assignee ship could be considered.
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Appendix 

Table 1 Patent number of universities, research institutes and industries and their collaboration in 

1985-2008(mbits) 

 Total number UU RR II UR UI IR UIR 

Anhui 5483 1313 927 2919 41 174 89 20 

Beijing 78899 17082 21476 35464 195 3026 1309 347 

Chongqing 5109 1965 442 2460 17 181 38 6 

Fujian 5821 1856 724 3012 24 150 44 11 

Gansu 3103 741 1132 1073 16 84 50 7 

Guangdong 76135 6356 2449 65355 37 1578 276 84 

Guangxi 2173 374 294 1397 12 60 33 3 

Guizhou 3137 237 747 2046 10 63 29 5 

Hainan 812 62 169 545 5 21 10 0 

Hebei 5048 853 819 3088 14 143 123 8 

Henan 6419 941 932 4293 30 136 72 15 

Heilongjiang 6807 4048 746 1809 32 126 38 8 

Hubei 12691 5707 1368 5027 80 414 84 11 

Hunan 8237 2810 856 4199 33 240 90 9 

Jilin 6434 1817 2437 1978 37 61 88 16 

Jiangsu 41417 10527 2763 26428 115 1141 404 39 

Jiangxi 2272 422 183 1592 8 37 27 3 

Liaoning 16398 3587 4825 7306 64 318 265 33 

Inner 

Mongolia 1449 128 214 1048 4 32 22 1 

Ningxia 445 60 87 282 4 8 4 0 

Qinghai 337 9 163 136 1 15 12 1 

Shandong 18140 3917 2250 11311 51 402 181 28 

Shanxi 3547 1093 924 1381 6 73 67 3 

Shaanxi 9885 4916 1270 3289 64 228 108 10 

Shanghai 66799 16993 8296 38824 68 1749 664 205 

Sichuan 12327 3450 2005 6248 54 400 155 15 

Tianjin 24626 5021 1835 17265 63 314 109 19 

Xizang 68 1 9 54 0 1 1 2 

Xinjiang 1224 158 435 554 18 29 28 2 

Yunnan 4474 1106 1152 1970 37 99 98 12 

Zhejiang 23844 9194 1322 11881 91 1110 193 53 
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Table 2  Patent number of universities, research institutes and industries and their collaboration in Period 

1(mbits) 

 Total number UU RR II UR UI IR UIR 

Anhui 268 76 74 76 6 11 19 6 

Beijing 3120 630 1401 784 18 84 170 33 

Chongqing 216 65 51 81 1 10 8 0 

Fujian 228 84 59 65 3 9 8 0 

Gansu 251 33 112 83 3 7 13 0 

Guangdong 548 119 149 233 1 25 21 0 

Guangxi 195 11 73 91 2 10 8 0 

Guizhou 107 3 48 46 2 2 6 0 

Hainan 33 1 6 25 0 1 0 0 

Hebei 496 18 132 276 4 26 37 3 

Henan 401 31 146 187 5 9 23 0 

Heilongjiang 418 92 146 144 8 18 8 2 

Hubei 731 202 202 263 12 20 27 5 

Hunan 775 140 238 335 8 25 29 0 

Jilin 560 127 260 131 4 15 17 6 

Jiangsu 854 178 214 398 4 35 24 1 

Jiangxi 197 31 47 98 0 6 13 2 

Liaoning 1213 74 464 563 10 45 48 9 

Inner 

Mongolia 141 2 70 62 1 3 3 0 

Ningxia 42 1 15 22 0 2 2 0 

Qinghai 40 0 27 11 0 0 2 0 

Shandong 1076 140 302 564 2 34 30 4 

Shanxi 287 67 102 95 0 12 9 2 

Shaanxi 529 194 145 136 9 18 27 0 

Shanghai 1228 279 490 367 2 28 56 6 

Sichuan 713 152 243 258 8 19 32 1 

Tianjin 483 32 194 194 10 25 24 4 

Xizang 0 0 0 0 0 0 0 0 

Xinjiang 82 1 43 30 0 1 7 0 

Yunnan 340 39 130 147 3 4 15 2 

Zhejiang 658 240 125 226 12 25 29 1 
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Table 3  Patent number of universities, research institutes and industries and their collaboration in Period 

2(mbits) 

 Total number UU RR II UR UI IR UIR 

Anhui 470 128 128 181 7 9 12 5 

Beijing 4722 1182 1406 1617 29 213 194 81 

Chongqing 289 73 53 142 3 12 6 0 

Fujian 382 116 63 185 2 12 4 0 

Gansu 325 39 110 154 3 10 8 1 

Guangdong 2497 396 156 1808 7 58 47 25 

Guangxi 273 23 72 159 0 10 9 0 

Guizhou 204 15 51 130 0 2 6 0 

Hainan 114 4 6 100 2 2 0 0 

Hebei 598 35 127 388 3 18 25 2 

Henan 529 26 147 323 5 8 16 4 

Heilongjiang 587 79 145 329 6 12 15 1 

Hubei 1085 420 193 411 7 32 20 2 

Hunan 1056 173 235 605 7 17 11 8 

Jilin 671 160 257 216 8 11 14 5 

Jiangsu 1822 495 221 988 14 50 50 4 

Jiangxi 239 13 46 176 0 2 2 0 

Liaoning 1610 221 460 779 11 65 58 16 

Inner 

Mongolia 242 2 70 156 0 4 10 0 

Ningxia 70 5 14 51 0 0 0 0 

Qinghai 60 2 27 28 1 1 1 0 

Shandong 1847 294 301 1185 6 31 22 8 

Shanxi 346 90 99 135 0 0 21 1 

Shaanxi 726 296 145 258 1 14 11 1 

Shanghai 5994 706 507 4365 7 271 76 62 

Sichuan 1194 252 250 600 12 43 34 3 

Tianjin 905 296 192 346 8 45 14 4 

Xizang 7 1 0 5 0 0 1 0 

Xinjiang 161 14 51 85 0 3 6 2 

Yunnan 512 60 135 283 6 4 22 2 

Zhejiang 1105 309 128 595 8 51 10 4 
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Table 4 Patent number of universities, research institutes and industries and their collaboration in Period 

3(mbits) 

 Total number UU RR II UR UI IR UIR 

Anhui 4745 1109 725 2662 28 154 58 9 

Beijing 71057 15270 18669 33063 148 2729 945 233 

Chongqing 4604 1827 338 2237 13 159 24 6 

Fujian 5211 1656 602 2762 19 129 32 11 

Gansu 2527 669 910 836 10 67 29 6 

Guangdong 73090 5841 2144 63314 29 1495 208 59 

Guangxi 1705 340 149 1147 10 40 16 3 

Guizhou 2826 219 648 1870 8 59 17 5 

Hainan 665 57 157 420 3 18 10 0 

Hebei 3954 800 560 2424 7 99 61 3 

Henan 5489 884 639 3783 20 119 33 11 

Heilongjiang 5802 3877 455 1336 18 96 15 5 

Hubei 10875 5085 973 4353 61 362 37 4 

Hunan 6406 2497 383 3259 18 198 50 1 

Jilin 5203 1530 1920 1631 25 35 57 5 

Jiangsu 38741 9854 2328 25042 97 1056 330 34 

Jiangxi 1836 378 90 1318 8 29 12 1 

Liaoning 13575 3292 3901 5964 43 208 159 8 

Inner 

Mongolia 
1066 124 74 830 3 25 9 1 

Ningxia 333 54 58 209 4 6 2 0 

Qinghai 237 7 109 97 0 14 9 1 

Shandong 15217 3483 1647 9562 43 337 129 16 

Shanxi 2914 936 723 1151 6 61 37 0 

Shaanxi 8630 4426 980 2895 54 196 70 9 

Shanghai 59577 16008 7299 34092 59 1450 532 137 

Sichuan 10420 3046 1512 5390 34 338 89 11 

Tianjin 23238 4693 1449 16725 45 244 71 11 

Xizang 61 0 9 49 0 1 0 2 

Xinjiang 981 143 341 439 18 25 15 0 

Yunnan 3622 1007 887 1540 28 91 61 8 

Zhejiang 22081 8645 1069 11060 71 1034 154 48 
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Figure 1  The Turi of regions in 1985-1992(Period 1), 1993-2000(Period 2) and 2001-2008(Period 3) 
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Abstract:This paper outlines a scheme that uses manpower from public research institutes to assist 

the technology upgrading of small and medium enterprises. The Growing Enterprises through 

Technology Upgrading (GET-UP) initiative has been successfully implemented in Singapore since 

2003. The key program in the initiative is a manpower secondment scheme known as T-UP. We 

propose that T-UP represents a new approach to technology transfer which additionally maximizes 

the industrial impact of public sector research. Instead of traditional technology transfer modes which 

are transactions-based, T-UP utilizes skills and human resource transfer through secondment of 

public sector researchers.  Findings from surveys show that the T-UP secondment program has had 

positive impact on the technological capabilities, innovation performance and growth of participating 

companies. Additionally, selected case studies highlight that this approach addresses a wide range of 

challenges faced by local small and medium sized enterprises (SMEs) and is flexible enough to cater 

to specific needs and requirements. 

Keywords: technology transfer, technology upgrading, Public Research Institutes (PRIs), SMEs 
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1.  Introduction 

One key challenge faced by newly industrialized economies is the evolution of an appropriate strategy 

to sustain long-term economic growth. Singapore's economic prosperity in the last four decades is 

attributed to her success in transitioning from a growth strategy reliant on sourcing technology from 

foreign MNCs to one that is more balanced with increasing emphasis on indigenous innovation 

capability (Wong and Singh, 2008). As Singapore transforms itself into a knowledge-Based Economy 

(KBE), the promotion of R&D has become a key strategy for driving economic growth in Singapore. 

To support this growth strategy, there has been concerted effort to promote indigenous technological 

development in two spheres: firstly the public sector comprising the universities and Public Research 

Institutes (PRIs), and secondly local industry comprising SMEs, larger local enterprises and 

multinational corporations (MNCs).  

To create a strong base of science and technology (S&T) capability, the Singapore government has 

invested heavily in public sector research. PRIs with focus on key industrial clusters were established 

under the umbrella of the Agency of Science, Technology and Research (A-STAR). These PRIs have 

created substantial intellectual properties, and developed a large number of Research Scientists and 

Engineers (RSEs). 

At the same time, policy makers sought to accelerate the development of growth-oriented local 

enterprises as part of its KBE strategies. The policy approach recognized that the business paradigm 

under which Singapore enterprises had operated for many years was undergoing rapid change and 

companies had to make major adjustments.  Before the early 2000s, Singapore enterprises could 

depend on the MNCs which readily transferred the latest technologies to their key supporting industry 

partners anywhere in the world.  This traditional source of technology transfer started to diminish 

rapidly in many high-tech industrial sectors as the time-to-market and product life-cycles became 

shorter and shorter.  The global manufacturing outsourcing practice in recent years has also resulted 

in much reduced in-house manufacturing expertise in many of the MNCs themselves.  Therefore, 

Singapore‘s supporting industrial companies which have indigenous technology and manufacturing 

knowhow will become the preferred global partners of MNCs, be it in the global market place or even 

in the home countries of the MNCs. In other words, innovation and intellectual property creation have 

become critical success factors for Singapore enterprises to survive and thrive (Hang, 2007). This is 

especially important and urgent for firms in the manufacturing sector as they face keen competition in 

the global market place. Recognizing this, the Singaporean government has been actively promoting 

the technological capabilities of local SMEs.  

In addition to creating strong local companies to support the global MNCs, another industry strategy is 

for more local enterprises to create indigenous technologies and products/services that will 

successfully compete in the global industrial and consumer markets. If they continue to grow, some of 

these local companies will eventually establish themselves as MNCs with their roots and bases in 

Singapore. They will in turn leverage and tap technology and human resources from elsewhere in the 
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world to complement the R&D and manufacturing activities in their Singapore headquarters. This 

strategy is also underpinned by the need for deep technological capabilities in local enterprises. 

However, Singapore's SMEs face considerable resource constraints that limit their ability to develop 

sophisticated and high-level technological capabilities. While there are generous assistance schemes to 

ease the financial burden of investing in R&D or technology in-sourcing, the main challenge is the 

shortage of R&D expertise among SME employees. Many local SMEs therefore lack absorptive 

capacity and are unable to be innovative.  

To address these issues, Singapore launched a multi-agency initiative in 2003, named ―Growing 

Enterprises with Technology Upgrade‖ or in short, ―GET-UP‖. The centrepiece of the scheme is T-UP, 

a researcher secondment program through which SMEs can access the sizeable pool of high-quality 

and experienced RSEs at the well-established PRIs. 

In this paper, we present a case study of T-UP as an innovative approach to transfer public sector 

knowledge and intellectual properties to industry, and we also show that it is an effective mode for 

SMEs to source technologies from external parties (Chesbrough, 2004). Based on survey and 

interview data collected from SMEs, we present quantitative and qualitative evidence of how T-UP 

has benefited the participating firms and achieved the policy objectives of upgrading technological 

capabilities in local enterprises. Using quantitative survey data and information gleaned from 

interviews, we demonstrate that T-UP is an innovative policy application of knowledge transfer and 

open innovation concepts. 

The paper is organized in the following manner. In the next section, we will briefly describe the scope 

and process of T-UP and position it as an innovative approach to public-private technology transfer. 

Additionally, we will assess the impact of T-UP by presenting findings from a survey of recipient 

firms conducted in 2005, three years after the launch of GET-UP in January 2003, and a subsequent 

survey conducted 2012 to mark the 10
th
 anniversary of the initiative. Then, these findings are 

reinforced by case studies presenting qualitative evidences obtained through interviews with policy 

makers and selected T-UP recipients. Finally, we discuss the findings from several theoretical 

perspectives and present practical implications of the paper. 

2. Description of T-UP Program 

T-UP (or in full, Technology for enterprise capability UPgrading) is one of three programs in the 

multi-agency GET-UP initiative
1
. GET-UP is targeted at promising local enterprises in the 

manufacturing sector which see themselves as ―Global Enterprises in the making‖. GET-UP has 

been a concerted effort of four different government agencies – A*STAR, EDB (Singapore Economic 

Development Board), SPRING (Standards, Productivity & Innovation Board Singapore) and IE 

(International Enterprise) Singapore - and taps on existing financial assistance schemes. It pro-actively 

                                                           
1 The suite of programs under GET-UP comprises: (i) TRM, a Technology Roadmapping program; (ii) T-UP, a manpower 

secondment scheme; and (iii) TA, a scheme to provide expert technical advisory services. This paper is focused on the T-UP 

scheme. 
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reaches out to promising Singapore enterprises in the manufacturing sector and gives them ready 

access to human capital, shared R&D resources and technology capabilities. The promising Singapore 

enterprises in the manufacturing sector are mainly in the Electronics, Engineering, InfoComm and 

Chemicals clusters.  These are also the same industrial clusters in which the Science and Engineering 

Research Council of A*STAR has built seven Public Research Institutes (PRIs) with over 1200 

Research Scientists and Engineers (RSEs) and substantial intellectual properties to share. The 

enterprises targeted for assistance have been shortlisted by EDB, SPRING and IE Singapore based on 

their technology upgrading needs and potential. Over 400 enterprises were covered in the first year of 

operation of GET-UP, and another 100 to 200 companies were visited annually after the first year. 

The rationale for T-UP is that human talent for R&D is key for any enterprise in a knowledge-based 

economy.  However, many local SMEs lack such human capital and are unable to attract qualified 

RSEs owing to their small size and lack of R&D reputation. T-UP acts as a "brain loan" program 

through which SMEs have access to the sizable pool of high-quality and experienced RSEs at the 

well-established A*STAR‘s PRIs.  Under this program, experienced RSEs will be seconded from 

PRIs to work in local enterprises for a period of two years to help upgrade their R&D capabilities and 

create leading-edge technologies that can reap commercial value.  The secondment arrangement is 

typically structured around a specific innovation project jointly determined by the enterprise and the 

PRI. 

The local enterprises are also encouraged to use the two years to court these RSEs.  With mutual 

agreement, the RSEs may be retained by the local enterprises after the secondment period, and the 

PRIs will then recruit fresh RSEs to start a new cycle of manpower training. Otherwise, the RSEs will 

return to the PRIs and continue to contribute with their newly gained industrial experience. One 

important feature of the scheme is the simple and clear-cut treatment of intellectual properties (IPs).  

If certain IPs owned by the PRIs are used by the local enterprises, the usual licensing agreement with 

royalty payment applies. However, if there are new IPs developed by the T-UP seconded staff during 

their attachment period, the IPs would belong to the local enterprises. 

In addition to the successful completion of innovation projects aided by public sector expertise, firms 

also benefit from the secondment process itself, during which they have the opportunity to interact 

with highly qualified researchers with in-depth domain knowledge is specialized fields. The T-UP 

secondment program aims to upgrade the technological capability of enterprises by: 

i) Helping to identify critical technologies 

ii) Building in-house R&D capabilities 

iii) Forging collaborations between PRIs and enterprises to effect technology transfer 

iv) Building a culture of innovation and creation 

v) Providing access to human capital and expertise 
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3.  Research Methodology 

3.1 Quantitative Survey Data 

In order to assess the impact of the T-UP on firms, A-STAR commissioned two surveys at two 

different points in time. The surveys analysis addressed the question of whether T-UP has enhanced 

the technological capabilities of firms in terms of improved skills, attitudes and awareness. The 

assessment of T-UP's impact in these areas is based on the perceptions of recipients, as reported in 

their survey responses. 

The first survey was conducted at the end of 2005, three years after the launch of T-UP. The primary 

aim of the survey was to examine the impact of the T-UP scheme as measured by respondents' 

perceptions of how the scheme has changed or influenced their organisations. A total of 55 enterprises 

were successfully surveyed via email or telephone, representing an overall response rate of 95% from 

a total of 58 program recipients. The 55 respondents comprise companies that had either completed at 

least one project with a seconded researcher or were hosting seconded researchers at the time of the 

survey. 

In 2012, a follow-up survey was launched to assess the impact of T-UP ten years after its initial launch. 

Conducted using a self-administered online questionnaire, the survey targeted all 144 companies that 

had completed at least one project with a seconded researcher.  A total of 56 firms responded to the 

2012 survey, representing a 39% response rate. 

3.2 Matching Sample of non-T-UP companies 

To further examine the impact of T-UP, we compare the innovation and growth performance of T-UP 

recipients against the performance of equivalent companies that have not received T-UP support. For 

both the 2012 and 2005 surveys, each responding T-UP recipient was matched to a control company 

with comparable characteristics. In the 2005 study, the control companies were drawn from a random 

stratified sample of companies obtained from Singapore's business registry. In the 2012 study, the 

control companies were drawn from a list of firms that had been invited by the GET-UP administrators 

to participate in the T-UP program but had declined participation. The control groups were constructed 

by selecting companies matched to the T-UP recipients using three measures: industrial sector, size (in 

terms of sales or employment), and age. The matched-pair design eliminates potential bias and allows 

for comparative evaluation of the T-UP program for recipients versus non-recipients. The companies 

in the control groups were surveyed to obtain information on their innovation activities and growth 

performance. A screener question was asked to ensure that the non-T-UP recipients had engaged in 

technological activities in the last 3 years. 

3.3 Interviews with T-UP recipients 

We conducted interviews with four companies which had received T-UP assistance, and present these 

qualitative findings as case studies. These interviews aimed to augment the information obtained from 

the surveys by soliciting the views of the seconded RSE as well as the senior management of the SME.  
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4. Impact of GET-UP: Findings from Surveys 

4.1 Perceived Impact of GET-UP 

The T-UP secondment program aims to strengthen the capacity of local enterprises for technological 

innovation through the assignment of research scientists and engineers (RSEs) from the PRI‘s under 

the umbrella of ASTAR. Among the 55 survey respondents who had received T-UP assistance as at 

end 2005 and the 56 survey respondents who had completed at least one T-UP project as at early 2012, 

the perception of the program was generally positive. As seen in Table 1, around half the respondents 

in the 2005 survey agreed or strongly agreed that T-UP had been beneficial in terms of enhancing their 

technological learning and enterprise innovation, and very few respondents expressed disagreement. A 

large proportion of respondents also indicated that their technological capabilities had improved 

substantially due to T-UP. 

The respondents to the 2012 survey were less positive, with a higher proportion expressing 

disagreement compared to the 2005 survey. Nonetheless, the dissenting proportion is outnumbered by 

the proportion who agreed that T-UP has been beneficial. On the balance of these findings, we 

conclude that T-UP secondment has helped companies to gain new knowledge, improve their 

technology capabilities and introduce innovations into the market. 

Additionally, one of the most important deliverables of the T-UP secondment program is the degree of 

knowledge transfer from the seconded RSE to the enterprise. As seen in Table 2, the overwhelming 

majority of respondents in the 2005 survey found that the seconded RSE had transferred some 

knowledge to the company, with only a handful of respondents indicating low knowledge transfer. The 

degree of knowledge transfer was especially high in technology-specific areas. In the 2012 survey, the 

degree of knowledge transfer was rated slightly lower compared to the 2005 survey, with around one 

fifth of respondents reporting low degree of knowledge transfer. Nonetheless, it is observed that over 

40% found that a high degree of knowledge transfer had taken place. More detailed analysis of the 

2012 data reveals that the SMEs who reported high knowledge transfer were substantially younger 

(median age of 9 years) than the SMEs who reported low knowledge transfer (median age 14 years).
1
  

  

                                                           

1 Further analysis shows that the recency of projects was not a factor. While we lack the data to verify the cause of this 

discrepancy, this finding might be explained by cultural factors in that more established older enterprises tend to have more 

entrenched attitudes and are less willing to accept new ideas.  



 

 112 

Table 1: Perceived Impact of T-UP Secondment 

 2005 Survey 2012 Survey 

 % 

Disagree 

% 

Agree 

% 

Disagree 

% 

Agree 

A) Improve technology learning (eg. execute R&D, new 

skills)
 1
 

    

Learn to execute R&D projects  3.6 45.5 26 36 

Learn to exchange skills, know-how or technologies 3.6 47.3 15.7 35.3 

Gain new techniques, competencies or technologies 3.6 52.8 20.4 55.5 

Develop new ideas or skills 3.6 34.5 14.8 57.4 

B) Enhance enterprise innovation:      

T-UP helped introduce product innovation  1.9 50.0 17.3 46.1 

T-UP helped introduce process innovation  0 57.4 20.4 32.7 

 % Little 

or Not At 

All 

% A 

lot 

% Little 

or Not 

At All 

% A 

lot 

C) Improve technology capabilities (eg. improve design, 

reduce cost) 
2 

 

    

Improve product design 1.8 49.1 5.7 56.6 

Improve process design 5.5 49.1 12 40 

Improve product quality 3.6 47.3 na na 

Reduce lead time 5.5 52.7 24.5 28.6 

Reduce manufacturing costs 7.3 52.7 23.5 23.5 
1
 Measured on a five point scale, where 1 = Strongly disagree and 5 = Strongly agree. Ratings of 1 or 2 

are classified as "Disagree". Ratings of 4 or 5 are classified as "Agree".
 

2 
 Measured on a five point scale, where 1 = Not at all and 5 = A great deal. Ratings of 1 or 2 are 

classified as "Little or not at all". Ratings of 4 or 5 are classified as "A lot". 

Table 2: Perceived Degree of Knowledge Transfer under T-UP Secondment 

 2005 Survey 2012 Survey 

 % low % medium % high % low % medium % high 

Degree of Knowledge Transfer from seconded RSE to company
 *
 

Process technology 3.6 43.6 52.8 21.7 37 41.3 

Product technology 1.8 43.6 54.6 21.1 26.9 51.9 

Product design 3.6 47.3 49.1 21.5 37.3 41.2 

Components design 3.6 41.8 54.6 na na na 

R&D project 

management 

7.3 47.3 45.4 28.6 44.9 26.5 

*
 Measured on a five point scale, where 1 = Low and 5 = High. Ratings of 1 or 2 are classified as 

"Low". Ratings of 3 are classified as "Medium". Ratings of 4 or 5 are classified as "High". 

Table 3 reports the outcomes of the innovation projects undertaken by RSEs during their period of 

T-UP secondment at the participating SMEs. In the 2005 survey, only a small proportion of the SMEs 

have created new intellectual property arising from the T-UP supported project. Less than 10% of had 

successfully commercialized the inventions developed under the T-UP projects. This is understandable 

as the survey was conducted when the program was still quite new. Encouragingly, a much larger 
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proportion of enterprises surveyed in 2012 (41%) indicated that the T-UP project outcomes have been 

successfully commercialized. The rate of in-house IP creation had also increased substantially, from 

11.8% in the 2005 sample to 43% in the 2012 survey. These differing results from the two surveys 

show that T-UP participation did not immediately yield commercialization outcomes in the early 

stages of the program but the impact has become more apparent with the passing of time. Specifically, 

innovation projects and innovative ideas can take several years to be pushed to the market. Some of 

these commercialization activities may take place after the completion of the T-UP secondment period. 

The findings from the 2012 survey attest to the effectiveness of T-UP secondment in generating 

commercially-viable innovations for SMEs and suggest that successful outcomes may only be seen in 

the longer term. 

Table 3: Outcomes of T-UP Innovation Projects 

 2005 Survey 2012 Survey 

T-UP project led to the creation of in-house IP 11.8% 57.1% 

Innovation from T-UP project successfully 

commercialized 

7.6% 41.1% 

4.2 Impact of T-UP Secondment on Firm Performance: Comparisons between T-UP Recipients 

and Control Group of Non-Recipients 

The second set of findings relates to T-UP's impact on the performance and aspirations of recipient 

firms. This analysis uses data on the performance of T-UP recipients in the two surveys, compared 

against data from control groups of companies that did not participate in the program. This analysis 

seeks to ascertain if participation in the T-UP scheme has measurably benefited companies, using 

objective measures of performance. 

Several indicators of impact are analysed. The key measures are innovation performance, growth 

aspiration and growth achieved. Innovation performance is proxied by the degree of product 

innovation intensity (share of new product sales in total sales). The second indicator of interest, 

growth aspiration, is measured by self-reported expectations for future sales growth. The final 

indicator, firm growth, is measured as firms' average annual growth in sales revenues in the last 3 

years. 

We use hierarchical OLS regression to see if SMEs in the T-UP scheme report higher levels of 

innovation activity and stronger growth compared to their counterparts who are non-recipients of 

T-UP assistance. The dependent variable in the regression equation is alternated to represent the 

various outcome measures of interest. The key predictor is the dummy variable GET-UP Participation 

which takes the value 1 if the company is a GET-UP recipient and 0 if the company is from the control 

group of non-recipients. 

As shown in Table 4, the regression models for the 2012 data have overall predictive accuracy of 

between 17% and 64%. The model fit using the 2005 data was generally poorer. The results for 2012 

show that T-UP secondment has significantly benefited SMEs in terms of innovation activity 
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(significant at 5%) and recent sales growth performance (significant at 5%). T-UP firms report 

significantly higher level of sales derived from new products/ services as well as higher recent sales 

growth, compared to their counterparts that had not participated in T-UP. However, there is no 

significant difference between T-UP firms and the control group in terms of projected sales growth.  

On the other hand, the results for the 2005 data reveal less significant impact of the T-UP program. 

The T-UP Participation variable is only significant in the case of revenue growth in the last 3 years, 

and only at the 10% level of significance. At this early stage of the T-UP program, only 3 years after 

its launch, T-UP recipients did not achieve significantly better innovation performance than firms that 

did not participate in the scheme. Similar to the finding in the 2012 survey, T-UP participation did not 

significantly improve future growth aspirations of firms. 

The different results from the 2005 and 2012 surveys suggest that the impact of T-UP secondment on 

firm performance was muted at first, but has strengthened in recent years as the program has matured. 

It is possible that an initial gestation period was needed for firms to fully reap the potential benefits of 

participating in the programme. Additionally, T-UP recipients could not yet at that point assess the 

likely impact of the program and therefore did not express greater optimism over future growth. It is 

also possible that the T-UP program has evolved and improved over the years, with various feedbacks 

from the SME recipients and as the T-UP team gained more experience. For example, with better 

understanding of recipients' needs, the PRIs could provide more suitable secondee candidates for the 

SMEs. Hence the 2012 survey participants showed better outcomes than the earlier batch in 2005. 

Overall, the difference in the two regression results could also suggest that the awareness of R&D 

among the SMEs has been raised over the years and those that invest more in R&D create deeper 

absorptive capacity to capitalize on knowledge transferred by seconded RSEs and therefore achieve 

better performance.  
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Table 4: Regression Results Examining Impact of T-UP on Firms' Innovative Activity and Growth 

Performance - Comparisons between T-UP Recipients and Non-Recipients 

  

Product Innovation 

Intensity (% of sales 

derived from new 

products) 

Projected Sales Growth 

in next 3 years 

Growth in Sales in 

Last 3 years 

  2005 2012 2005 2012 2005 2012 

Constant 21.25** 1.55 11.06** 28.69* 16.67** 8.17 

Sector control
1 

            

Chemical -6.19 4.64* -0.87 -5.75 4.18^ -1.06 

Electronics 2.73 1.14 0.05 0.66 -2.66 8.55 

General Manufacturing 1.94   -1.91^   0.11   

Transport 15.35^   -3.44   3.96   

ICT   4.24*   3.07   1.73 

Age 0.19 -.01 -0.01 -0.81* -0.05 -0.53 

Size (Sales in 2005)
2 

-0.15   0.21   -0.72   

Size (Employment in 2012)
2 

  0.00   -0.01   0.00 

R&D Spending Intensity
3 

2.27** 2.27** -0.09 -2.39 1.51 2.83 

Sales growth in last 3 years     0.83** 0.73*     

              

T-UP Participation -2.22 3.21* -1.64 8.43 2.07^ 14.22* 

              

Adjusted R sq 0.33 0.45 0.50 0.64 0.03 0.17 

F stat 7.14 9.35 10.12 12.76 1.42 2.37 

Sig. of F 0.00 0.00 0.00 0.00 0.20 0.04 

Significant at 10%, *Significant at 5%; ** Significant at 1% 

Notes:  

1) Different sectors for 2005 and 2012 due to composition of final samples. 

2) Size is measured by sales in 2005 and by employment in 2012. Employment information was not 

collected in the 2005 survey. Contemporaneous sales data was incomplete in the 2012 survey. 

3) R&D Spending Intensity is measured as R&D expenditure as a percent of sales revenue in the 

reference year. 

5. Case studies of T-UP recipients 

As of May 2012, the GET-UP team has visited a total of 1368 new companies since its initiation in 

January 03.  nclusive of revisits, it has visited 1968 companies.  he general response has been very 

positive as companies have given feedback indicating that the GET-UP visits were most timely. ost of 

them were ready for technology upgrading and they welcomed the proactive approach from the 

GET-UP administrators. 

The take-up rate of the T-UP secondment scheme has been good.  s of May 2012, there have been 

215 approved applications, involving 361 RSEs.  The feedback from the seconded RSEs has also 

been very encouraging as they have found themselves contributing much to the local enterprises. To 

date, 31 RSEs have been retained by the companies after the secondment period. It has been found 
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from these interviews that one important success factor is that the T-UP candidates could bring tacit 

knowledge (Takeuchi et al., 2004) essential for further development of technologies or products in the 

SMEs. This advantage could not be achieved with the normal technology transfer to the SMEs. 

A good example of T-UP secondment is Advanpack Solutions Pte. Ltd. (APS). APS received the 

assistance of a RSE – Mr. Shao Siong Lim - from IME (Institute of Micro-Electronics) to develop 

Molded Interconnect System (MIS) and Thermo Compression Bonding (TCB) in 2007. Mr. Lim had a 

masters‘ degree in mechanical engineering and had been a junior engineer in IME for two years by 

then. When APS approached IME for a possible secondee, he was selected and joined the T-UP 

scheme as ―it was a good opportunity to know what was going on in real practice‖. 

Before Mr. Lim joined, APS focused only on the packaging assembling technologies (i.e. copper pillar 

bump) and processes, which was difficult to commercialize in the market as no customer had the 

capacity to integrate these innovations. Hence APS decided to develop its own fully integrated 

packaging solution to solve this problem and hence needed expertise with the upstream and 

downstream technology know-how. With his background in packaging design and testing analysis, Mr. 

Lim joined the R&D team and worked under the supervision of the project leader Mr. C.K. Ong. APS 

expected Mr. Lim to help develop the novel paper lead-frame technology for IC packaging and to be 

the liaison person with Research Institute to access IME facility and expertise. It took him half a year 

to understand what the team was doing, navigating different directions with the team, and fully 

integrated into the company. Mr Lim reflected about his learning process and said: ―In the two years in 

IME, I was exposed to a lot of technologies, quite different from what I learnt in university already. 

Then I got the chance to know even more (in APS)‖.  

Within the following one and half years, using his modelling and simulation capabilities, he helped to 

conduct thermal mechanical stress analysis in the flip-chip design. Knowing the advanced material 

testing and analysis equipment in IME, he also helped to identify the failures more effectively in the 

later stage of the packaging design process and hence speeded up the entire R&D progress. After two 

years, the R&D team successfully developed a new packaging solution in 2009, which has been 

awarded one patent and another six patents pending.  The solution has generated tremendous interest 

and demand and has been licensed to two major clients in the industry. This has supported the 

company‘s expansion overseas. Mr. Lim also helped to push the R&D in a process innovation which 

not only assisted the manufacturing of the packaging solution but also generated extra revenue through 

other applications in the industry. 

Besides R&D, Mr Lim participated in patent application and IP (intellectual property) management. In 

2008, the patent lawyer from Taiwan who had been helping APS to establish its own IP strategy and 

portfolio left the company, leaving the unfinished job to Mr. Lim‘s supervisor Mr. Ong. Due to his 

previous patent filing experience in IME, Mr. Lim was asked to take up the patent filing jobs with Mr. 

Ong. When Mr. Ong left the company in 2009, Mr. Lim took over the IP management job. He also 

helped to link the university resources and the company‘s needs in the area of IP (intellectual property).  
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This was essential to the company‘s needs in the manufacturing business model to the new IP 

licensing (technology transfer) business model.  ―His work has helped APS to develop its new 

business model as an IP creation and licensing company‖, said Mr. Jimmy Chew, the CEO of APS.   

When asked about the Mr. Lim‘s contribution to APS, Ms. Lee Ken Moe, the Finance & 

Administration manager of APS said, ―We are very pleased with Shao Siong‟s performance and the 

ideas he has contributed to our projects. He surpasses our expectations. On top of that, he has 

excellent work attitude and has adapted very well into our work environment.‖ After the two years of 

T-UP program, Mr. Lim found that his expertise and interests were expanded so much that he was no 

longer interested in the relatively narrow-span research job in IME. At the same time, the leaders of 

APS found Mr. Lim to be irreplaceable for the company and hence offered a premium package to 

retain him. Mr. Lim became the 1
st
 seconded engineer from IME who stayed on in the company at that 

time and today he is the Director of Technology & IP management in APS, leading two other newly 

hired IP experts in strengthening and protecting APS‘s core competency. The packaging solution he 

helped to develop has been granted 11 patents and licensed to 10 companies.  

The case of APS showed how the T-UP secondment scheme benefited both the SME and the seconded 

engineer. Not only did the seconded engineer help the SME to develop new products, establish new 

competitive advantage, increase its avenue and employment, and strength its ties with the PRI and 

university, the SME also helped the seconded engineer to identify his career goal and nurtured his 

personal development in the industry.  

Another example is Addvalue Communications Pte Ltd., which also T-UPed with IME (Institute of 

Microelectronics). The RSE from IME assisted to convert a FPGA baseband to an ASIC design for its 

INMARSAT satellite communication system in design simulation and timing analysis for netlist, 

enhancement of chip architecture (modular interface), and improvement of interface with external 

chips, such as SRAM and micro-controller. These new capabilities gained by Addvalue enabled the 

company to design new ASIC-based basebands for future products. With the new ASIC, Addvalue 

projected an estimated savings of US$240K per year, based on US$60 per terminal and a sales 

projection of 4,000 terminals a year conservatively. During our interview, the vice president of the 

company Mr Kevin Peng said: ―Zhao Bin (the RSE) has been instrumental in assisting Addvalue in the 

synthesis and static timing analysis closure for the ASIC ... Addvalue would like to express a sincere 

and heartfelt gratitude to IME for the ASIC GET-UP assistance and the upgrading of technological 

expertise of Addvalue in the ASIC domain.‖ 

Another positive outcome of the T-UP program is that many companies have expressed interests in 

R&D collaborations with PRIs because the regular interactions via seconded RSEs have helped the 

PRIs to better appreciate the needs of the industry and hence are better prepared to help them. Unlike 

the T-UP secondment scheme, any new IP created in joint R&D projects would be shared as spelt out 

in the project agreement in this type of open innovation (Chesbrough et al. 2006).  

T-UP participants may take advantage of the GET-UP mechanism to collaborate with PRIs on joint 
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R&D projects. GET-UP offers participants two avenues for collaborative engagement, depending on 

the enterprise's capabilities. Firstly, local enterprises with strong marketing strength but little in-house 

R&D capabilities can outsource some of their product development needs to PRIs. A representative 

example is Stamford Tyre. With its domain knowledge of what exactly is needed for the wheel 

industry, it teamed up with a PRI -- SIMTech, to design and develop new types of alloy rims, create 

the moulds, manufacture them using the latest casting technology, and test them according to current 

Japanese and American benchmarks. The three-year partnership with Stamford Tyre involved six 

SIMTech research engineers with expertise in design, moulding, casting, heat treatment and computer 

simulation.   

On the other hand, for local enterprises that have started in-house R&D to meet market demands and 

have already developed certain core technologies or products, the PRIs can help them to further 

accelerate the growth of their technological capabilities through R&D collaborations. Companies can 

leverage on the larger pool of experts and extensive state-of-the-art equipment of the PRIs to develop 

and implement leading-edge technologies to capture new and global market opportunities. An 

excellent example is Singapore Asahi Chemicals and Solders Industries Pte Ltd. Graduating from 

being a T-UP participant and beneficiary, the company continued to carry out a number of R&D 

projects on lead-free solder materials development with the help of one PRI -- SIMTech. It benefited 

from the ready access to the usage of sophisticated R&D equipment and expertise in structural 

analysis and materials characterization in SIMTech, and hence achieved a breakthrough in a new 

lead-free solder which was fully compatible with the existing manufacturing process and which was 

qualified for production use by a number of MNC customers such as Matsushita and Sony. It hopes to 

continue its R&D collaborations with SIMTech and other PRIs to fulfil its quest for new materials and 

products for the electronic industries. 

The case studies presented illustrate how companies have benefited from the T-UP scheme in different 

ways. From the perspective of policy-makers, the success of T-UP contributes to a broader national 

objective. Commenting on the achievements of GET-UP schemes, Prof. C.C. Hang, the former 

executive deputy chairman of A*STAR and the program director of GET-UP in 2003, said: "The PRIs 

were set up by the Singapore Government to attract and nurture local and foreign R&D talent needed 

to support its KBE development, especially the MNC operations in Singapore. The GET-UP initiative 

has enabled PRIs to help in upgrading Singapore's SMEs which in turn support the innovative 

operations of MNCs. All these benefits and positive experiences have finally led to increased R&D 

collaborations between PRIs and the larger SMEs, which once again has reassured the public funding 

agency the strategic importance of PRIs in the growing KBE."  

6. Discussion and Conclusion 

In this paper, we have outlined a new scheme of using secondment of researchers from public research 

institutes to assist in the technology upgrading of SMEs which has been successfully implemented in 
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Singapore since 2003. Findings from surveys show that the scheme has had positive impact on the 

technological capabilities, innovation performance and growth of participating companies. 

Additionally, selected case studies highlight that this approach addresses a wide range of challenges 

faced by local SMEs and is flexible enough to cater to their specific needs and requirements.  In 

return, the public research institutes have found a more effective way to fulfil their mission of helping 

local enterprises by sharing their knowledge and experts through the GET-UP program. A better 

understanding of industry needs has also enabled the research institutes to improve their 

mission-oriented applied R&D planning and effort. 

The success of T-UP demonstrates the application of several important theoretical concepts in the 

management and innovation literature, which are discussed below. 

Public-Private Technology Transfer 

As providers of information, governments disseminate an array of scientific knowledge through 

government owned laboratories, technical publications, journals and computer-based services (Spann 

et al., 1995). However, as explained by Bozeman (2000), there are conflicting political paradigms 

dictating whether government R&D is favorably viewed. Proponents of the market failure paradigm 

believe that governments and universities should have minor roles in innovation flows within the 

economy, where market forces will allocate information efficiently between players in the private 

sector. The mission paradigm posits that government R&D should focus on selected missions and that 

R&D performed by governments and universities complement private sector innovation. The mission 

paradigm has been prominent in most industrialized nations (Lederman, 1994, Chiang, 1995). Finally, 

the cooperative technology paradigm sees the strongest role for government R&D, proposing that 

government laboratories can play a role in developing technology for use in the private sector. This 

paradigm received a major boost in the early 1990s in the United States, where legislative changes 

provided a major spur to R&D in universities and government laboratories. Technology transfer 

offices were established in most research offices and universities (Siegel et al. 2004). 

Notwithstanding the debates in the political arena, R&D performed by government agencies have 

traditionally been a major source of private sector technologies in advanced economies (Wade, 1990). 

There has been extensive public spending particularly focused on extending innovation assistance to 

local enterprises. This is largely fuelled by the consensus that private firms have the inherent tendency 

to under-invest in R&D and innovation, and that public support programs can help such firms improve 

their innovative capabilities (Nelson and Langlois, 1983). The level of R&D intensity in the private 

sector is driven by the intervention role played by government. In the absence of government 

innovation assistance programs, industrial R&D is likely to be under-funded as firms are reluctant to 

invest in risky projects from which the full returns are difficult to appropriate. As such, government 

assistance for industrial innovation is now common practice. The East Asian newly industrialized 

enterprises (NIEs), especially Taiwan and Korea, have invested substantially in setting up public 

research institutes (PRIs), i.e. ITRI and KIST, to provide technology to industry. In Singapore, 
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government agencies have implemented technology support programs targeted at SMEs. The 

dominant forms of innovation assistance have been funding for R&D activities through grants and 

contracts, or provision of financial incentives such as tax credits to promote and encourage innovation 

in firms (Wade, 1990). More recently, however, technology upgrading through technology transfer has 

assumed greater prominence. 

In the literature, there is a multitude of theoretical models on the inter-organizational technology 

transfer process, from the early models emphasizing appropriability to the recent models built on the 

foundation of the Knowledge-Based-View (KBV) (Wahid et al., 2009).  While there is great range in 

theoretical perspectives, the mechanisms of technology transfer in practice, especially from public to 

private sectors, are still largely confined to traditional, familiar modes. Amesse and Cohendet (2001) 

mapped the traditional contexts for technology transfer between organizations: identifying R&D 

contracting and outsourcing as one context, and buying and selling proven technologies as the other 

context. In both situations, the traditional modes of transfer, such as contract research and licensing, 

are typically used. The effectiveness of such traditional technology transfer modes depends on the 

transferability of the knowledge (i.e. how codified the transferred knowledge is) and the absorptive 

capacities of the receiving organizations (Chen, 2004; Tsai, 2001, Cohen and Levinthal, 1990).  

We posit that T-UP represents an alternative to the traditional modes of technology transfer. 

Manpower secondment directly places R&D expertise developed by PRIs in the hands of SMEs, thus 

mitigating issues of knowledge transferability. Furthermore, seconded RSEs will work with the 

companies to deepen absorptive capacity. 

Researcher Mobility as enabler of Technology Transfer 

Beyond formal modes, the literature also documents the dissemination of technology via the mobility 

of scientists and engineers (Zucker et al, 2002; Herrera et al., 2010; Edler et al, 2011), who help to 

achieve better technology transfer results because of the tacit knowledge carried over by these 

individuals. An important characteristic of public sector researchers is the possession of valuable 

scientific knowledge, an asset which is comparably in shorter supply in private industry, more so 

among SMEs. A firm which gains access to this scientific knowledge has new opportunities for 

innovation (Ahuja, Lampert and Tandon, 2008). When scientific knowledge from the public sector is 

combined with a firm's existing knowledge base, new opportunities for product develop are created 

(Yli-Renko et al., 2001). 

As explained by Herrera, Munoz-Doyague and Nieto (2010), the literature on the movement of public 

sector researchers to firms has been developed only recently and there are contrasting conceptual 

arguments regarding the effect on firms' innovation results. These ambiguities remain largely 

unresolved as there are very few empirical studies on the effect of researcher mobility at the firm level. 

The few extant studies suggest that public sector researchers contribute positively to the innovation 

process at the firms that they join (Cruz-Castro and Sanz-Menendez, 2005).  In their work on Spanish 

manufacturing firms, Herrera et al (2010) find that firms which hired scientists from the public R&D 
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system had higher R&D investment propensity and achieved significantly better innovation outcomes 

in terms of patent propensity. These findings confirm their argument that scientific knowledge 

provided by public researchers has a positive influence on both inputs and outputs of the firms' 

innovation process. 

Based on these findings and considerations, the Singapore government initiated the T-UP program to 

assist local SMEs by assigning various experts, senior researchers, and junior researchers from the 

PRIs to assess and upgrade the SMEs' R&D capabilities. Government support programs to promote 

public researcher mobility have been implemented in other countries. These are however focused on 

encouraging firms to hire or contract researchers from public research centres or universities. The 

T-UP model adopts a different approach where public researchers are seconded for a limited period 

rather than being hired by industry. This approach may help circumvent difficulties caused by 

differing incentives structures in private and public sectors (Dasgupta and David, 1994), and high 

transaction costs due to uncertainty in the mobility process (Arora and Gambardella, 2010). 

Open Innovation for SMEs 

Research from advanced economies has shown that SMEs are an important source of innovations, 

especially since the 1980s (e.g. Audretsch, 2004). It is argued that SMEs contribute significantly to 

economic growth (Soete and Stephan, 2004) and the performance and viability of the SME sector 

should therefore be emphasized by policy makers. Due to their small size and skill resource constraints, 

they are unable to conduct extensive internal R&D to generate their own technologies but still need a 

flow of new technology to be able to compete in increasingly competitive market spaces. As pointed 

out by Mayer and Blaas (2002) SMEs in recent decades have begun to utilize technology transfer as a 

strategic means of meeting challenges posed by the globalization of business and markets. This 

situation has created a new niche-market for technology transfer (Morrissey & Almonacid, 2005). 

In line with these arguments, open innovation (OI) offers an even broader paradigm of how companies 

interact with outside parties to exchange knowledge. It not only covers the purposive inflows of 

knowledge and how it can accelerate internal innovation, but also the purposive outflow of knowledge 

and how it can expand the markets for external use of innovation (Chesbrough et al, 2006). Most OI 

literature focuses on big multinational companies. Recent research in this area has been attracted to the 

OI activities in SMEs (Van de Vrande, et al., 2009; Lee, et al., 2010). However, most of these studies 

focus on the OI in the technology commercialization process, leaving the front funnel of the OI in 

SMEs – the technology sourcing process -- unexamined. The T-UP program offers a unique way to 

engage both the SMEs and the research institutes in OI by sourcing technology know-how, expertise, 

and personnel from the research institutes to the SMEs. This approach not only effectively promoted 

the technology transfer between the PRIs and the SMEs but also successfully overcame the common 

barriers in most open innovation practices. Documenting this unique practice, this paper contributes to 

the OI literature by showing how government can facilitate technology sourcing of SMEs and 

technology transfer from PRIs to SMEs. 
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Instead of traditional technology transfer, the T-UP scheme utilizes human transfer, supplemented by 

joint R&D in selected firms.  The proactive program by public research institutes, with co-funding 

from public sector grants, has encouraged a large number of Singapore SMEs to participate and 

succeed in technology upgrading in the face of keen competition in the Asian region. The success of 

the T-UP program suggests that traditional mechanisms for public-private technological transfer may 

be refined to emphasize the sharing of knowhow, skills and experience, in addition to transacting 

technology. 
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RESUMO 

This article presents a discussion on a business model for the production of sweet potato ethanol by 

starch hydrolysis followed by fermentation of free sugars. The focus is on the potential of 

university-industry partnership to stimulate research and academic technology transfer to encourage the 

creation of new companies to explore and develop new business based on small and medium enterprises 

through a triple helix model, depending on government policies available in Brazil for innovation. The 

proposition raised here is the result of research conducted at the Federal University of Tocantins (FUT), 

in northern Brazil. These studies relate to the creation of sweet potato genotypes in order to increase 

the starch content and other nutritional and production, development and improvement of technology, 

rate optimization to obtain the alcohol, and selection of novel enzymes fittest micro-organisms which 

could be applied in this type of process. These issues have been ostensibly studied and have shown that 

sweet potato cultivars, obtained through genetic improvement, have shown an ethanol production rate 

per hectare almost twice that of sugarcane, the raw material most used in ethanol production in Brazil. It 

designed a strategic model of R&D and technology transfer in accordance with the maturity of the 

technology developed by UFT to date and concluded that it is feasible and allows a businessmodel 

able to attract private investors and companies interested in investing a sincethe Brazilian government 

itself has encouraged the development of this technology due to its great economic potential and 

scientific importance. 
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1. Introduction  

The culture of sweet potato is well suited in any tropical region of the globe, and its origin is more 

accepted in the northeast of South America. It is a rustic culture towards withstand harsh conditions 

such as drought and resistance to soil insects, however, aiming at high productivity starch in its roots 

it is necessary to apply appropriate cultivation period in the plant cycle and, according to recent studies, 

it has shown low production cost for this purpose. An important advantage is that its use can be 

multiple, both as food as feed or for raw materials for the pharmaceutical and food industry. The sweet 

potato ethanol production technology (Ipomoea batatas (L.) Lam.) Has been studied since 1997 by 

Silveira and collaborators at the Federal University of Tocantins, and has shown excellent results for the 

production of ethanol fuel. . According to Silveira et al, (2014), some of the analyzed genotypes 

exhibit ethanol estimated potential per unit area ranging from 8,440.78 l / ha - 10,007.1l / ha. 

Furthermore, studies conducted in 2009 in the US, obtained 8,839 L / ha of sweet potato against 6.195 L 

/ ha of sugarcane, to that country, and showed that the culture of sweet potato with a view to production 

ethanol can be something economically feasible due to the high income that may present in different 

countries and / or different states of the same country with specific regional conditions for local energy 

production. In other regions where crops such as corn, sorghum, sugar beet and cane sugar are not 

as well adapted, either by legal imposition, either by weather factors, soil, or for economic reasons, 

reinforced by social and environmental nature motives, the ethanol produced from sweet potato can be 

very interesting. Specifically in the case of Brazil, the sweet potato ethanol can be very attractive to 

the private sector due to high production and high consumption. With a booming economy and thriving, 

Brazil, according to BP (2014), is the second largest producer in the world biofuels, reaching 24% of 

world production in 2013 and, that same year, according to MME (2014) Brazil was responsible for 

producing a volume of ethanol 18% more than in 2012. For historical and economic reasons, sugarcane 

has adapted well to Brazilian conditions since the colonial period, there are about 400 years ago. 

Therefore, the cultivation of sugarcane has proven increasingly difficult due to the serious social, 

economic and environmental impacts. Continuously introducing incremental technological innovations, 

such as cogeneration thermo-electric power by harnessing the ―bagacilho‖ of sugarcane, among others, 

by tradition, this culture has established itself in the agro-industrial scenario of the country as an 

important strengthening of the national GDP. 

However, due to strong pressure on the labor-wage work in the form of poor working conditions and 

high level of dangerousness, this culture has generated painful consequences to employees. Moreover, 

in pursuit of greater energy efficiency and considering that the production of bioenergy in a sustainable 

perspective must necessarily go through the diversification of raw materials, and given the urgent need 

to produce crops that can best be exploited in terms of feed feed and food, data indicate that the 

paradigm of cane sugar ethanol production should become increasingly fragile over the coming years, 

especially in Brazil. 

So with the successive oil crises from the 70s, due to Middle East political instability, there has been a 
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technological race for the expansion of the energy mix in most countries. In China, sweet potato, 

was chosen as the main culture for the fermentation of ethanol, as the country has almost 85% of world 

production of sweet potato (Zhang et al., 2010). So in 2012, the largest producer of oil and gas from 

China, China National Petroleum Corporation - CNPC, signed an agreement with the Sichuan 

provincial government to develop facilities to produce 600,000 tons of sweet potato ethanol per year 

(JIN et al., 2012). Based on this information, it is believed that to obtain fuel ethanol technology from 

the sweet potato has great potential to become an important radical innovation on the world stage, 

in the case of viable bioenergy sources for clean energy production and significant use of its waste and 

its by-products. This source can be used by private companies not only for energy production but 

also as a generator of inputs for the food, pharmaceutical and animal feed within a few years, because 

it has become an increasingly concrete reality due to accumulation of studies and experiments. 

2. METHODOLOGY 

The methodology was developed in three (3) steps. First we conducted a literature review on the topic 

of the Brazilian experience of sweet potato ethanol production on a trial basis as a business model in the 

context of university-industry interaction and its peculiarities in the north, a region less developed in 

Brazil. In the second stage there was the collection of information about the history of strategic actions 

aimed at technology transfer, acquired as a result of research conducted at the Federal University of 

Tocantins since 1996, when they began research on potato ethanol production -doce. Finally, it takes 

into account the process of formation of the UFT office of technology transfer and innovation (ITTO) 

and its effort in partnership with local companies for technology transfer. 

3. RESULTS AND DISCUSSION 

3.1 Brief history 

The project for the implementation of the plant was founded in 1996 through a research project 

developed by teacher Márcio Antônio da Silveira, with an initial investment of R$ 20,000 made 

by the National Council for Scientific and Technological Development (CNPq). Today, the project 

has a financial contribution of R$ 1.2 million and involves an average of 44 professionals, 25 doctors, 

nine and ten students master academic degree. The total capacity of the plant is three thousand liters 

of ethanol per day. Addition of ethanol will be produced: glucose for food, alcohol gel and animal 

feed, integrated in the same business model. 

Compared to other vegetable sweet potato has various advantages for the production of ethanol 

because it does not require burning and can be in up to 14 months storage under the ground. A sweet 

potato ton can produce 180 liters of ethanol and 300 kg of wet waste can be transformed into 150 kg 

of dry meal with a protein content equivalent to that of soybean (Silveira et al., 2014). 

With the evolution of this research, in 2008 it was registered in the Ministry of Agriculture Livestock 

and Supply (MAPA) 10 sweet potato cultivars, with productivity up to 65 t / ha for the State of 
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Tocantins agricultural conditions which are shown in Table 1 . These results were presented 400% 

greater than the yield obtained in the 70s, when the sweet potato was excluded from this purpose, due 

to its low agricultural income. Table 1 shows the cultivars registered in the period 2001-2007, ethanol 

yield (L ha) and their average productivity in the period in field experiments. There were important 

results in productivity to grow "Duda" in ethanol production L / ha), and excellent result of harvest for 

the cultivar "Barbara" 100 t / ha. 

 

Table 1 allows to observe that not always a high productivity in farming crop has a high ethanol yield, 

as the most important variable in improving the genotypes and the starch content that is not always 

larger in crop farming. Table 2 presents comparative form an important advantage of the sweet potato 

crop in relation to sugarcane and cassava, which is the short reproductive cycle of this plant. Probably 

this feature will be highly decisive for the success of the sweet potato use as a source of ethanol fuel. 

Table 2. Reproductive cycles of some ethanol production sources. 

Cultura Ciclo reprodutivo 

Sweet Potato 

Ipomoea batatas (L.) Lam 

4 a 5 meses 

Sugar cane 

Saccharum officinarum L. 

12 e 18 meses 

Cassava 

Manihot esculenta 

10 a 20 meses 

Source: Souza (2006) 

3.2 University-industry partnerships 

It was noticed that after the announcement of positive results sweet potato productivity and income 

posted alcohol from 2008 by Silveira and collaborators, given the record of the most promising 

cultivars in the Ministry of Agriculture of Brazil (MAPA, 2015) , SUDAM (Amazon Development 

Superintendence) was interested in getting technology sweet potato ethanol. Until then, some 

companies had shown attracted to this type of production structure, however, perhaps for reasons of 

technical and administrative order and for not having sufficient financial resources to higher risk 
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business, did not take their projects forward and gave up to implement partnerships with the Federal 

University of Tocantins. These would be cases of some consolidated companies in the field of industrial 

installations, quote: Bioex Energia S/A and DEDINE S/A. Considering these experiences, although 

there was no success in these partnerships, the interest that these companies have shown already put 

thereafter, the sweet potato ethanol as a promising candidate to compose the Brazilian energy matrix, 

it has not been taken before . 

In 2014, the SUDAM (Amazon Development Superintendence) developed a work plan for the 

construction of experimental plants in areas of difficult access, with a view to generating local power, 

where transportation would be too costly for the supply of biofuels in the Amazon region. In view of 

the legal prohibition of sugarcane plantations in the region, for environmental reasons, the strategy 

created by SUDAM came down to take advantage of the expertise of researchers from the UFT, 

available financing lines with the specialized private banks in this type project geared to small farmers 

and interested private companies, and offer tax incentives for sweet potato planting and ethanol 

production. 

According to SUDAM there is the availability of skilled labor, capital, raw materials, technology and 

funding sources (Amazon Development Fund - FDA - and North Constitutional Fund - FNO through 

the Banco da Amazônia), the next step would be to encourage more investments by production 

organizers with their local ventures. By contrast, the main obstacles to the development of the Amazon 

are the transportation logistics and the low exchange of information between the Amazonian states. 

To achieve these objectives are sought-producers of capital goods to develop the equipment needed to 

produce ethanol with the quality required by current standards. Thus, taking into account the technical 

capability certification as well as other attributes and documents checked previously elected to 

CIMASP (Trade and Equipment Industry) company engaged in the supply of large equipment for 

the public sector Private in partnership with the Federal University of Tocantins, to put into practice 

the project in an attempt to turn it into an important innovation in the energy sector at the national level. 

3.3 Prospects of Ethanol 

According to RFA (2004) ethanol is already widely used worldwide and there is still room for 

expansion in this market. It can be seen in Table 3 that Brazil for having developed the dual fuel engine 

(flex fuel), is the country that requires higher percentage of ethanol mixed with gasoline that comes 

require increasing productivity and efficiency in getting ethanol. Countries like China and India have 

strategic importance because of the huge consumer market, and Venezuela, despite being one of the 

largest oil producers in the world, for strategic political reasons has also added ethanol in gasoline. 
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However, there are specific cases that highlight the need for diversification of raw materials to obtain 

the sweet potato ethanol, as is the case of Rio Grande do Sul that produces only 2% of ethanol it 

consumes and pays a high price for import alcohol from other states (IBGE, 2008). On the other hand, 

this state has been the largest national sweet potato producer. In this sense, one could think of 

sugarcane as a viable alternative to meet part of this demand, however, this culture has climatic 

requirements that restrict its cultivation in various regions of Brazil, especially in this state (CANOVA, 

2011). 

3.2 Technology Transfer Strategy 

The model intended Technology Transfer by the UFT is open to improvements, but the main strategy 

is to encourage and improve the patent drafting mechanisms, also prioritizing other types of 

appropriation of technologies, with guidance, advice, mapping and management strategic skills within 

the university, carried out by the NIT UFT office, in partnership with the top management of the 

university. On specifically the sweet potato ethanol, there is still no technology transfer agreement itself. 

However, there is a patent "Plant Flex with significant market potential, as from the same anhydrous 

ethanol could be produced from the sweet potato ethanol and biodiesel in a single production line. 

Currently, with respect to sweet potato ethanol, there is only the technical cooperation contract 

between SUDAM CIMASP and UFT. From the perspective of the model of Triple Helix the federal 

government has been actively involved as an investor and financier of R & D of getting the sweet 

potato ethanol technologies across the production chain on the other hand the university has 

contributed to the research and the initiative Private has been relevant in the integration of technology 

in the market. The State Foundation for Support of Science, Technology and Innovation, the state 

Department of S & T & I and the Municipal S & T & I do not invest in the project as government agents. 

It is proposed that these agencies should invest in accordance with the proposed model: through the 

infrastructure funding based on the creation of several projects with social, economic and 

environmental return. From an economic point of view, the technical feasibility becomes crucial from 
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the moment they present solutions to specific regional problems. 

It is expected that in the near future, the Research Laboratory and Production of Renewable Energy 

(LASPER) of the UFT, can work together to provide paid services associated with an effective program 

of qualification of Human Resources subsidized with scholarships of the form provide consultancy and 

R & D services due to its "know how" acquired over the years. Table 3 below shows in detail the 

possible impacts for different regions including the state of Rio Grande do Sul, the North Region 

of Brazil (Amazon region), northeastern Brazil and China. 

 

According to the flow chart (Figure 1) were designed for three-phase transfer of technologies related 

to the production of sweet potato ethanol in the UFT: farming, biotechnology and plant equipment. 

The first phase of the three most important aspects of the production chain. The second phase 

would be the research and development of new products and processes carried out with projects 

funded by public and private institutions, from which would be developed new patents, and a third 

time called third stage of technology transfer strategy, encouraging more R & D and more strategic 

partnerships. 

The technology transfer model advocated by the UFT is based on the productive chain of the sweet 

potato ethanol represented by three main groups: cultivation of sweet potatoes, biotechnology 

encompassing the fermentation systems of raw materials and plant equipment according to Figure 1. 
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The difficulties of investing in R & D activities can involve very high uncertainty. Concerning this 

reality and for strategic reasons, the UFT has adopted a relationship policy with companies interested in 

investing in the sweet potato ethanol production technology with low level of secrecy. According to 

Teece (1988), R & D activities can be conducted within the firm or within another organization 

specializing in this type of activity. For this reason the actions in the UFT has been at high risk due 

to the possibility of strategic knowledge leakage. Thus, has been focusing on the protection type "know 

how" to the detriment of patenting. Thus, the UFT has followed Montoya 

& Rossetto's view (2002), who claim that currently, the relationship forms have changed, the most 

common among companies: the preferential supply, strategic partnerships and alliances, in order to 

promote a cooperative development. 

Based on the flow chart of Figure 1, a technology transfer model that emerged from the results of 

several preliminary studies carried out on the technical and economic viability of the sweet potato 

ethanol was thought. Thus, the possible outcomes that can be generated through the research and 

development of obtaining the sweet potato ethanol and its co-products technologies are described 

starting with the three aspects of the production chain, quote: farming, biotechnology and plant 

equipment, detailed in Table 4. According to the emphasis of work being applied by the UFT, it is 

believed that these aspects of the productive chain of the sweet potato ethanol would be the most 

important lines of work for the next investments in research and development related to the sweet potato 

ethanol in view their insertion capabilities in the market. 
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Montoya & Rossetto (2002), cite conditions necessary for the formation of a supply chain: First, the 

players taking part in the production chain should be directed to the joint improvement of the chain 

agents. Secondly there must be an alignment of agents that make up the chain in order to develop 

an effort in order to obtain an information system, as well as standards and labor standards. And finally, 

the sharing, in which agents belonging to the production chain should know that everything in a chain 

must be shared: information, profit and loss. 

The Office of Innovation and Technology Transfer UFT has focused segundoo Santini (2006), which 

states that one of the important contributions to the implementation of new technologies is the need to 

show the market and the economic aspect would become the factor key to closer relations between 

universities and companies. This thought is reinforced by Tiger (2006) which states that: "Only large 

cost reductions can motivate behavior change in economic agents' Regarding the technology diffusion 

in a process of inserting new technologies in the market, according Tigre (2006), it takes some 

conditioning factors that stimulate the adoption of innovations by companies. The conditioning factors 

can be technical, economic or institutional. Technically, the diffusion of a technology depends on how 

it is considered difficult to implement or use. The more complex the technology, the greater the 

impediments to the spread. Economically, the diffusion of innovations depends on your cost of 

acquisition, deployment and use. As the adoption of new technologies involves risks, the lower the 

costs of innovation, diminish the possibilities for its diffusion. Already the institutional point of view, 

to occur a technology diffusion process, there must be availability of financing innovation, the country 

is favorable to investments, investment agreements are established among other government facilities 

for implementation of new technologies. 

4. CONCLUSIONS 

The business model for production structure developed by UFT has the potential to encourage closer 

ties between universities and business, given its ability to generate income in settlements for family 

farms, the potential to stimulate entrepreneurship and offer the possibility of adding value products and 

byproducts that may be associated with the process, such as the use of sweet potato waste as feed and 
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the use thereof for producing foods (flour, bread, biscuits and cakes), due to the significant nutritional 

value vitamins, proteins and carbohydrates, concurrent with the generation of fuel ethanol, 

pharmaceutical or industrial use because the multiplicity of sweet potatoes, without requiring extra 

quantities of the culture, ie, a single sweet potato ton be able to generate all these products at the same 

time. 

There are some difficulties that are typical of less developed regions, where we observed weak 

interaction university-industry corresponding to a regional system still immature innovation: training of 

teaching and research structure, the greater concern in the publication of articles instead of developing 

new patents , corporate structure that prioritizes innovative activities in their decisions, and excessive 

bureaucracy in technology licensing processes. 

Thus, given the business model proposed for the sweet potato ethanol production in northern Brazil that 

is being implemented in partnership with the UFT SUDAM and CIMASP, it is believed that it has 

formed a new collaborative vision in order to overcome the difficulties mentioned here adding greater 

chances of success. 

THANKS 

CIMASP - SUDAM - UFT 
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1. Introduction 

There is broad consensus that industry-university relationships have positive effects on the innovative 

performance of companies (Mansfield, 1991; Salter & Martin, 2001), and that these effects have 

increased in the last decades (Mansfield, 1998). Universities are increasingly expected to contribute 

beyond teaching and research, to economic growth and social  development. Industries and 

universities are thus forging closer relationships (Chesbrough, 2003; Hall, Link, & Scott, 2003; 

Perkmann & Walsh, 2007) and governments are actively encouraging the formation of these links 

(Bozeman, 2000; Etzkowitz & Leydesdorff, 2000). 

Different types of industry-university links have been mapped and described (Gulbrandsen, Mowery, 

& Feldman, 2011). There is, however, little information on such relationships in terms of the strategy 

of participating firms (Bercovitz & Feldman, 2007). Even though research alliances are embedded 

within a firm‘s strategic portfolio and thus evolve with firm strategy and competitive dynamics (Koza 

& Lewin, 1998). This article clarifies the role of firm strategy by analyzing industry-university 

relationships in a dynamic context, exploring both the origin of the university relationship and how it 

changes over time. The specific question this article seeks to answer is: how do industry university 

relationships coevolve with firm strategy? 

This paper proceeds as follows. In section 2, we provide a brief review of the literature on 

industry-university relationships with emphasis on the perspective of the firm. Section 3 describes our 

empirical setting, and Section 4 the key findings of our inductive research approach. In  Section 5 we 

discuss the policy implications of these findings including avenues of future work. 

2. Theoretical  Background 

Existing literature has described multiple factors affecting the formation of an industry-university 

relationship. If we organize this literature according to the unit of analysis, we can distinguish four 

main units: regions, industries, academics, and technologies. These units have specific properties that 

affect the formation and evolution of industry-university links. For example, if a firm is inserted within 

a specific regional innovation system, the regulatory context of the region and the characteristics of 

the universities of that region will affect industry-university relationships. In other words, there is 

nested complexity across different institutional spheres. In this section, we will detangle and 

summarize the empirical evidence highlighting the  most relevant regional, industrial and firm-level 

attributes contributing to the formation of university- university  relationship. 

Regional and industry determinants of industry-university links 

Several authors have analyzed how a regional innovation system affects formation of an industry- 

university relationship. At the macro-level, a region‘s development stage has been described as an 

important factor affecting the formation of industry-university relationships (De Fuentes & Dutrenit, 

2012; Mueller, 2006). Mueller, for example, found that the knowledge stocks of the region, that is, the 

accumulated research investments of firms and universities, were important antecedents for 
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industry-university relationships (Mueller, 2006). This is why industry-university relationships have 

traditionally been limited in regions with low levels of research, as in the case of developing nations 

(De Fuentes & Dutrenit, 2012). 

To reap the benefits of university research, regions need a strong university research base, a strong 

industrial research base, and mechanisms to foster industry-university knowledge flows. The role of 

these networks, however, varies according to the technological base of the industry (Asheim & Coenen, 

2005). 

From a theoretical perspective, three factors explain differences between industrial sectors. First is 

growth in demand for the industry‘s products and services. Second is the technological appropriability, 

that is, how much of the returns from R&D the innovator is capable of retaining (W. M. Cohen & 

Levinthal, 1990).  This attribute depends on the strength of patents, the existing IP regime and the 

effectiveness of secrecy and/or first mover advantages. Third is the  technological opportunity, that is, 

the productivity of R&D for the firm (W. M. Cohen & Levinthal, 1990). Some industries draw more 

heavily on scientific knowledge so that universities are an important source for technological 

advancement, as with the pharmaceutical industry,  which draws from biology. There are positive 

correlations between the R&D intensity of the industry (R&D/Sales), and the degree to which the 

industry draws from scientific research in their innovative activities (W. M. Cohen & Levinthal, 1990; 

Klevorick, Levin, Nelson, & Winter, 1995). Other industries rely more on the technological advances 

of firms up and down their value chain, such as suppliers or distributors, with universities playing a 

secondary role. For example,  the pulp and paper industry relies more on machinery manufacturers, 

and the semiconductor industry relies on equipment suppliers. A third group of industries relies more 

on their past R&D investments as a source of technological advance (e.g. the motor vehicle industry) 

(Klevorick et al., 1995). 

As industries mature, the focus of innovation shifts from product to processes, the rewards for radical 

innovations are reduced, products and processes become standardized, and specialized equipment 

manufacturers have a greater role on process improvements (Utterback, 1994). Cohen et al., found that 

startups benefit more from university research than older firms (Wesley M  Cohen, Nelson, & Walsh, 

2002). Panagopoulos found that firms working on new technologies are more likely to form a 

university research partnership than firms working on mature technologies (Panagopoulos,  2003). 

Industry-university relationships are also affected by the regulatory context of the region. In the US, 

for example, more than eight pieces of legislation were passed between 1980 and 1993 to promote 

industry-university relationship (Bozeman, 2000). In Japan, the growth of the biotechnology sector 

coincided with several institutional and legal reforms during the mid 1990s, including the passing of 

legislation to promote industry-university relationships and to facilitate technology transfer through the 

creation of technology licensing organizations (TLOs) (Lynskey, 2006). 

The availability of public research funds and fiscal incentives for corporate R&D has also been shown 

to positively affect industry-university relationships (Busom & Fernandez-Ribas, 2008; De Fuentes & 
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Dutrenit, 2012; Segarra-Blasco & Arauzo-Carod, 2008). In addition to availability of public funds, 

Owen-Smith et al., found that diversity of funding sources is important for fostering industry-university 

links (Owen-Smith, Riccaboni, Pammolli, & Powell, 2002). 

A final regional attribute explaining the formation of industry-university relationships is   economic 

context, however, literature is not clear on the direction of the effect. Eisenhardt and Schoonhoven 

showed that when firms are in difficult market situations, they build more external alliances 

(Eisenhardt & Schoonhoven, 1996). In difficult market situations, university alliances can be a means 

to build legitimacy, and can contribute to the firm‘s strategy by sharing risks or critical resources 

(technical equipment, staff, or even research funds). Other authors have found that during economic 

crises, firms reduce their investment in innovation, and shift R&D resources towards short-term, 

low-risk projects (OECD, 2009), and away from the generally long-term university  research. 

Firm-level determinants of industry-university links 

At the firm level of analysis, the most important factor in the formation of an industry-university 

relationship is the firm‘s absorptive capacity, that is, the ability to recognize the value of external 

knowledge and to acquire and integrate that knowledge towards commercial ends (W. M. Cohen & 

Levinthal, 1990). The absorptive capacity has been measured in terms of the firm‘s R&D intensity, and 

several studies have shown a positive relationship between R&D intensity and the degree to which 

firms draw from university research for their innovative activities (W. M. Cohen & Levinthal, 1990; 

De Fuentes & Dutrenit, 2012; Laursen & Salter, 2004). 

A firm‘s absorptive capacity also resides in its manufacturing base and organizational form (W. 

M. Cohen & Levinthal, 1990), in other words, how R&D investments, R&D personnel, and 

manufacturing base are organized and combined (Van den Bosch, Volberda, & de Boer, 1999). Santoro 

and Chakrabarti, for example, found that firms that are hierarchical, centralized, and governed by rigid 

policies were less likely to engage in university cooperative research agreements (Santoro & 

Chakrabarti, 2002). Bercovitz and Feldman found that firms with centralized R&D labs invest more 

on university-based explorative research projects than firms with decentralized labs (Bercovitz & 

Feldman, 2007). Veugelers found that external R&D collaborations only had positive effects when the 

firm had a formal full-time staffed R&D department (Veugelers, 1997). 

Firms with higher absorptive capacity are better able to benefit from university research (Fontana, 

Geuna, & Matt, 2006), but for the firm‘s absorptive capacity to be effective, there needs to be a 

continuous investment and commitment to R&D. Tether and Tajar, found that firms that engaged in 

R&D continuously, rather than sporadically, were more likely to have university links (Tether 

& Tajar, 2008). Bishop et al., found that firms that invest in R&D continuously rather than 

intermittently obtained a wider range of benefits from university research (Bishop, D'Este, & Neely, 

2011). 

A firm‘s absorptive capacity also depends on the absorptive capacities of the employees (W. M. Cohen 

& Levinthal, 1990), and another way to operationalize this construct is to calculate the  ratio between 
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R&D personnel and all firm personnel (Bishop et al., 2011; Fontana et al., 2006). Bishop et al., found 

a positive relationship between this ratio and the formation of industry- university links (Bishop et al., 

2011). Tether and Tajar found that, in addition to a firm‘s R&D expenditures, the proportion of 

graduates in science and engineering in the workforce was positively correlated to the formation of a 

university link (Tether & Tajar, 2008). Several other authors have found positive relationships between 

the size of the firm, measured by the number of employees and their industry-university links (Busom 

& Fernandez-Ribas, 2008; Segarra-Blasco & Arauzo-Carod, 2008; Tether, 2002). 

Geographical location also plays a role in industry-university relationships. The general view is that 

geographic distance facilitates industry-university interactions, and that proximity is important when 

knowledge is complex or has a tacit dimension. Mansfield and Lee, for example, found that the 

proportion of industry sponsored research received by universities within a 100 mile radius was more 

than twice the amount received by universities within a 100-1000 mile radius, and more than three 

times the funds allocated to universities more than 1000 miles apart (Mansfield & Lee, 1996). 

The positive effects of proximity are found to be contingent on the type of knowledge being transferred, 

the type of research project, the quality of the university, the size of the firm, and the management 

practices of the firm. Laursen et al., saw that the importance of the geographical distance decreased 

when knowledge was codified into patents or articles (Laursen, Reichstein, & Salter, 2011). Bishop et 

al., found that geographical proximity was only important for problem- solving projects (Bishop et al., 

2011). Mansfield and Lee found that geographic proximity was important for applied R&D projects, 

and also for lower ranked universities (Mansfield & Lee, 1996). Brostrom found that geographical 

proximity was relevant for short-term market-oriented R&D projects, but was less important for longer 

term projects because firms are able to work across distances and modularize projects (Brostrom, 2010). 

Beise and Stahl found that proximity was more important for small firms and polytechnic institutions 

than for large firms and universities (Beise & Stahl, 1999). 

At the network level, firms and universities interact and build ties that reinforce interdependence and 

thus play an important role in the creation and diffusion of technology (Powell, Koput, & SmithDoerr, 

1996). Thus, a firm‘s position within a knowledge exchange network also affects the formation of a 

university relationship. Guiliani and Arza found that well-connected firms formed more university 

relationships, and that these relationships were more valuable for the firms (Giuliani & Arza, 2009). 

Laursen and Salter found that firms that drew from a diverse pool of external knowledge sources such 

as clients, competitors, consultants, government laboratories, and trade associations among others, 

were more likely to use university knowledge than other firms (Laursen & Salter, 2004). Several other 

authors have seen that firms that are technologically open to external sources also form more university 

relationships (De Fuentes & Dutrenit, 2012; Laursen & Salter, 2004; Tether & Tajar, 2008). 

From an organizational behavior perspective, the firm‘s past experience in university relationships is 

another organizational attribute that can have an effect. Prior experience working with a university was 

seen to reduce the difficulties in acquiring and disseminating knowledge (Hall et al., 2003), and a 
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firm‘s past experience in university collaborations was positively correlated to the outcomes of 

subsequent university projects (Pertuze, Calder, Greitzer, & Lucas, 2010). The management practices 

of the project manager affect the success of industry-university relationships and Pertuze et al., 

described seven data driven best practices for increasing the impact of industry-university 

collaborations (Pertuze et al., 2010). Santoro and Chakrabarti found that managers who are 

technologically knowledgeable, capable of sensing market trends, and capable of bridging 

organizational boundaries serve an important role in mediating industry- university relationships 

(Santoro & Chakrabarti, 2002). Fritsch and Lukas found that manufacturing companies that have a 

gatekeeper, that is, a person that screens the environment  for innovation opportunities, formed more 

research collaborations with public research  institutions (Fritsch & Lukas, 2001). 

A final organizational attribute refers to the role of the firm‘s strategy on the formation and evolution 

of industry-university relationships. Existing literature has operationalized strategy as exploration or 

exploitation decision (Bishop et al., 2011), finding that firms with R&D strategies geared towards 

exploratory research allocated a grater share of R&D funds to university projects and built deeper 

relationships with their university partners than firms with exploitative R&D strategies (Bercovitz & 

Feldman, 2007). Existing literature, however, has not explained how changes between exploration and 

exploitation activities may affect pre-existing university relationships. 

Literature Gap: Coevolution of industry-university links 

Almost all studies in the literature we have just summarized have analyzed industry university 

relationships at a particular point of time. This approach fails to capture the dynamic nature of 

industry-university relationships (Etzkowitz & Leydesdorff, 2000). If we analyzed industry- university 

relationships over the lifecycle of the firm, we would observe a dynamic behavior different than the 

inferred from the previous sections. In particular, since industry-university relationships are inserted in 

a dynamic environment and we would expect them to coevolve (Lewin, Long, & Carroll, 1999). 

We have found only four articles that have analyzed industry-university relationships from 

coevolutionary perspective. Lynskey analyzed the coevolution of biotechnology firms and the 

Japanese innovation system (Lynskey, 2006).  He found that as firms moved up the value chain, their 

ties with academic institutions and with other firms intensified, several new academic startups were 

formed, and new institutions such as technology transfer offices were created. 
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Chaminade and Vang analyzed the coevolution of small and medium enterprises (SMEs) from the IT 

sector and the regional innovation system (RIS) of Bangalore, India (Chaminade & Vang, 2008). They 

described how SMEs transitioned from being low-cost service providers to knowledge-driven positions 

in the value chain, and how Bangalore‘s RIS was upgraded in response to this transition. As these 

SMEs began accumulating technical and human capital, they began forming strong and diverse 

linkages with Bangalore‘s university system, home of some of India‘s best educational and research 

institutions. New institutions also emerged to support these industry-university interactions and to 

foster technology transfer after the system gained critical mass. 

Owen-Smith et al., analyzed the evolution of industry-university relationships in the US and European 

life science sector (Owen-Smith et al., 2002). In the US, the heterogeneity of public research 

institutions, funding sources, and small biotechnology firms conducting research across multiple areas 

allowed the development of an innovation network that allowed the industry to flourish. The European 

biomedical networks, in contrast, were less diverse and the research conducted at public research 

institutions focused on a narrow set of therapeutic areas. The European life science industry thus 

evolved in a different trajectory and lagged behind their American  counterparts. 

Hatakenaka described how social demands and historical events defined the evolutionary trajectories 

of MIT, Cambridge University, and Tokyo University‘s industrial relationships (Hatakenaka, 2004). 

WWII was an episode that marked the US, UK, and Japanese innovation systems in different ways. 

During the postwar period the US created several institutions such as the NSF to promote peacetime 

research, and there was an increase in industrial support of university research. On the other hand, after 

the war the Japanese university system became isolated from industry and this trend continued until the 

late 1980s (Hatakenaka, 2004). 

The industry-university relationships described in these four articles are characterized by strong path 

dependencies: decisions taken in the past determine the landscape for future interactions.  In the 

Japanese and Indian case, the industry‘s decision to move up the value chain triggered a transformation 

of the regional innovation system, and the emergence of new institutions to foster industry-university 

relationships. Similarly, the different starting points of the US and European innovation systems 

affected the diffusion of knowledge and the way the life science industry developed in the two regions. 

To our knowledge, no studies have analyzed the coevolution of industry-university relationships from 

the perspective of changes in the strategy of participating firms. This is an important gap because 

university relationships are embedded within the firm‘s strategic portfolio, and thus coevolve with 

strategy and competitive dynamics (Koza & Lewin, 1998). This paper seeks to fill the gap through 

analyzing industry-university relationships in a dynamic sense; this includes exploring both the origin 

of the relationship and its coevolution with the firm‘s strategy. 

3. Methodology 

We conducted a systematic assessment of how changes in strategy affected the relationships between 

firms and universities or public research institutions. We undertook a longitudinal case study approach, 
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analyzing nine forest products companies in three different regions: North America, Northern Europe, 

and Southern Europe. The forest products industry is selected as a mature industry that was in 

operation long before forestry or chemical engineering emerged as scientific fields. The industry 

provides an interesting research arena for determining the coevolution of industry-university 

relationships, because forest products firms have differed in their competitive strategies over time 

(Lamberg, 2006) and have forged different links with university partners. Table 1 contains a summary 

description of the firms in the database, and shows how they changed their business lines over time. 

 

3.1 Firm strategy characterization 

We utilized company historical annual reports as the primary source for analyzing the evolution of 

company strategy. Management‘s letters to the shareholders were useful for providing a longitudinal 

perspective on the view of the company‘s leadership about the present and future perspectives and the 

justifications for changing strategy. The data from the annual reports was supplemented with secondary 

sources of information, including journals, press articles, and company historical retrospectives to 

allow data triangulation (Eisenhardt, 1989). Interviews with 24 senior managers were conducted at 

each one of the nine firms to assess whether we had adequately captured the strategic changes. 

3.2 University  Relationships  Characterization 

To characterize each firm‘s university relationships, we looked at three complementary areas. First, we 

analyzed the people flows between the firms and universities. For each company, we distilled the 
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names authors and inventors utilizing corporate publication and patent records. For each person, we 

analyzed their academic and professional trajectories utilizing several data sources including online 

social media (e.g. LinkedIn) and public university records. In total, about 600 company researchers 

were examined. 

Second, we analyzed the firm‘s technological priorities and university links based on patents and 

publications records. In total, the companies in the dataset have coauthored approximately 1,300 papers 

with universities. We classified each one of these papers along the firm‘s value chain to observe which 

technological areas concentrated university links, and how these relationships evolved over time. 

Finally, we analyzed how firm‘s university network evolved over time. Utilizing the same co- 

publication records, we obtained the addresses of the firm‘s university partners and built a network 

linking individual company sites with specific universities, which allowed us to assess the effects of 

geography on industry-university links. 

4. Findings and interpretation 

After analyzing the companies‘ historical trajectories, we distilled four generic firm strategies: 

Integration, Diversification, Internationalization, and Focalization (See Figure 1). Each of these 

strategies could be related to transformations in the firm‘s university relationships. 
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4.1 Effects of Integration 

Integration refers to the expansion of a firm‘s capability along an existing value chain. This usually 

takes the form of mergers or acquisition of some of the firm‘s suppliers or distributors (i.e. vertical 

integration) or with some of the firm‘s competitors (i.e. horizontal integration). This strategic decision 

is often pursued as a means to achieve more of control over the value chain (Pfeffer, 1972). 

Our research found that when companies‘ integrated new positions of the value chain, they also tended 

to form new university connections, which suggests a positive relationship between vertical integration 

and firm‘s university links. For example, when pulp firms integrated into paper production, we 

observed new university relationships regarding the manufacturing of paper. 

The increased number of university connections in periods of integration was usually the result of 

company acquisitions and new personnel hires. We found several cases in which firms acquired other 

companies with existing R&D facilities and personnel that were later merged to the company‘s existing 

R&D labs. These people usually continued working with their prior university partners. The case study 

below illustrates the role of integration on industry-university relationships. 

Portucel’s integration into paper production 

In 2000, Portucel, a Portuguese manufacturer of Bleached Eucalyptus Pulps, decided to vertically 

integrate into paper production by acquiring two companies: INAPA, a paper manufacturer, and 

Soporcel, a Portuguese manufacturer of pulp and paper products. These acquisitions had consequences 

for the firm‘s university relationships. Prior to the integration into paper, Portucel‘s university 

relationships had been concentrated in forestry and pulp production, as revealed by analyzing company 

publication records. Interviews with senior company managers also   confirmed this focus: ―all the 

research was in the forestry side, and some in pulp. Nothing in paper‖ (Portucel Manager, 2012). After 

the integration into paper production, Portucel began working with Soporcel‘s university partners, and 

we observed new university projects in paper production (e.g. paper formation, paper characterization). 

Furthermore, when Portucel began discussing the merger with Soporcel, top management decided to 

merge the R&D labs of each company forming an independent research institute called RAIZ (Instituto 

de Investigação da Floresta e Papel). The Universities of Aveiro, Coimbra, and ISA-UTL became 

partners with Portucel and Soporcel in this new institute, with the universities holding 6% of the shares 

of RAIZ. This case shows that the integration of new segments of the value chain can increase and even 

strengthen the firm‘s university relationships. 

4.2 Effects of Diversification 

Diversification refers to the expansion of a firm into new businesses and industries. When firms 

diversify, they expand their capability set in different technological trajectories. Diversifying  firms 

tend to form new university relationships as a means to acquire and support the  technological base of 

these new technological units. This suggests a positive relationship between the diversity of business 

lines and the firm‘s university links. Not all diversified business lines, however, were equally likely to 
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form a university relationship. Some industrial sectors draw more heavily on scientific knowledge and 

thus universities are an important source for technological advancement. Other sectors, however, rely 

more on the technological advances of firms up and down their value chain, and thus universities play 

a secondary role (Klevorick et al., 1995). For example, while some of the firms in our dataset 

diversified into housing and financial services,   we did not observe new university publications in 

these areas, which is consistent with the literature that has found that the service sector less likely than 

the industrial sector to engage in research collaborations with universities (Tether, 2002; Tether & 

Tajar, 2008). 

When firms diversified into science-based sectors, such as chemicals, wood-plastic composites, or 

medical supplies, we observed both an increase in the number of publications in the new technological 

areas, and also an expansion in the network of university partners. This expansion was usually result 

of three strategic actions that occurred in periods of diversification: (1) new company acquisitions, (2) 

new personnel hires, and (3) the training of company R&D personnel at new universities. The 

following case studies illustrate how these three causal mechanisms work. 

International Paper’s acquisitions in photographic chemistry 

During the late 1980s, International Paper began a series of acquisition of small startups in unrelated 

business lines including nonwoven textiles, oil and gas, and photographic papers,   among others. In 

1987, for example, the company acquired Anitec Image Technology Corp, a producer of photographic 

papers and films for the graphics art industry, which had a research lab in Binghamton, NY. In 1989, 

the company acquired the Ilford Group, a British producer of photographic paper, which had two 

research laboratories, one located in Mobberley, England, and other in Fribourg, Switzerland. After 

these acquisitions were made we observed an increase in the number of publications with universities 

in the field of imaging science, and also an increase in  the diversity of university partners. In 

particular, we observed new publications with universities in Switzerland, England, and the United 

States, which were authored by researchers of the R&D labs of the recently acquired companies (i.e. 

Anitec and Ilford). This case shows that diversification of the firm into science-based industries can 

stimulate the formation of new university linkages, and that company acquisitions can be an important 

vehicle behind the expansion of the firm‘s university network 

Weyerhaeuser’s new recruits in forestry machinery 

In 1966, George H. Weyerhaeuser became president of the firm and decided to diversify the company 

(Weyerhaeuser, 1966). During the 1970s the company entered different industries including real estate, 

gardening, machinery, and even the food industry through salmon ranching, and hydroponic lettuce 

growing. During this period there was an increased number of  publications stemming from some of 

these diversified business units. In the area of forest machinery, for example, Weyerhaeuser coauthored 

publications with new universities including UC Davis, Michigan State, and the University of Hawaii. 

Examination of the academic and professional trajectories of the authors of these publications revealed 

that recent hires were responsible for the expansion of the company‘s university network. 
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In 1976, Weyerhaeuser recruited Dr. Robert B. Fridley, the chairman of the Department of Agricultural 

Engineering at UC Davis. Dr. Friedley became manager of the Silviculture Operations Section of 

Weyerhaeuser‘s Raw Materials R&D Division. At Weyerhaeuser, Fridley continued working with his 

peers at UC Davis on non-destructive methods for fruit and vegetable harvesting. He also worked on 

the development of tree plantation and harvesting machinery. Fridley returned to UC Davis in 1986 

where he helped setup a scholarship with the Weyerhaeuser Company Foundation (UC Davis., 2005). 

Weyerhaeuser has continued working with UC Davis ever since, although in different technological 

areas. 

In 1977, Weyerhaeuser hired Dr. John Ben Holtman, professor in the Agricultural Engineering 

Department of Michigan State University. Dr. Holtman became manager of the Systems and Control 

Group at Weyerhaeuser‘s Silvicultural Engineering Department. He continued working with his peers 

at Michigan State on agricultural field machinery, and also worked with former PhD students on new 

technological areas. For example, there were two articles published on agricultural field machinery by 

Dr. Holtman in collaboration with Dr. Devindar Singh from the Agricultural Engineering Department 

of the University of Hawaii, who had been a PhD student of Dr. Holtman at Michigan State. 

UPM’s Corporate R&D reconfiguration through university training 

In 2008, UPM decided to focus its research strategy towards microfibrillated cellulose and other 

value-added forest byproducts. Because these were new areas for the company, they decided to update 

the capabilities of UPM‘s R&D staff and sent 40 researchers, approximately a third of the company‘s 

research workforce, to a two-year training program at different universities. UPM obtained funds from 

Tekes, the Finnish Funding Agency for Technology and Innovation, to build a new Center for 

Nanocellulosic Technologies in collaboration with VTT, the Technical Research Institute of Finland, 

and also with Aalto University. 

 

The UPM competency reconfiguration process highlights the role of university relationships   when 

firms are diversifying their technical base. As summarized by a senior R&D manager:  within UPM‘s 

existing business lines, the company already knows well what can be done in terms of research. As the 

company moves into new areas of knowledge, however, you might not find those competencies inside 

your firm. In these situations, ―you need much more connections to [university] networks‖(UPM R&D 

Manager., 2012). 

4.3 Effects of Internationalization 

Internationalization refers to actions aimed at establishing manufacturing operations in new countries 

or regions (not to be confused with exports). The firms in our dataset have expanded their international 

scope especially in recent years, and this strategy has different consequences for the firm‘s university 

partners. From the perspective of the receiving country, the installation of a new manufacturing unit 

can result in the formation of new university relationships. From the perspective of the home country, 

however, offshoring of the firm‘s manufacturing can negatively affect the firm‘s pre-existing 
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university linkages. 

As firms expanded their manufacturing base into new countries, we found they formed new local 

university connections. Three mechanisms were behind the internationalization of the university 

networks. First, firms established local university connections for recruiting purposes. Second, when 

firms internationalized through acquisitions, they inherited the university partners of the acquired firms. 

Third, firms also decided to establish local R&D laboratories to acquire knowledge in areas outside the 

firm‘s domains. In the area of forestry, for example, the knowledge about pests, plant diseases, and 

terrain conditions, is context-dependent and thus tied to local universities. 

Internationalization per-se does not necessarily weaken pre-existing industry-university networks. It 

only affects the firm‘s pre-existing relationships when, as a result of the internationalization process, 

the company also decides to change their capability set and/or narrow their product range to generate 

resources to support the expansion. The following case study illustrates this point. 

International Paper’s expansion into Europe and the Pacific Rim 

During the late 1980s, International Paper (I-P) began expanding into Europe and the Pacific Rim 

through a series of acquisitions. In 1989, I-P acquired Aussedat Rey of France, and Zanders 

Finepapiere of Germany, two manufacturers of fine papers. In 1995, I-P acquired a controlling stake 

in Carter Holt Harvey, a New Zealand-based forest products company with strong presence in 

Australia and Chile. These acquisitions impacted the company‘s university network. Before the 

expansion, I-P had concentrated its university network in North America. After the expansion, we 

began to observe new publications with universities located in Europe and New Zealand. 

More recently, International Paper has been expanding into Brazil, Russia, India, and China  (BRIC 

Economies). In 2000, International Paper acquired Champion International, an integrated forest 

products company with operations in North America and Brazil. In 2005, they licensed 500,000 acres 

of timberlands in Russia, and since 2006, International Paper has joint ventures  with Chinese paper 

manufacturers. In 2010, International Paper acquired SCA‘s packaging operations in Asia and in 2011 

they acquired a 75% stake in Anhdra Papers of India. These recent acquisitions changed, once again, 

the company‘s university network. As a result of this   expansion, we observed new publications with 

universities in Brazil, Russia, China, and Korea, although the interactions in these countries have been 

smaller and less research oriented than the relationships with US universities. As explained by a senior 

R&D manager after visiting Chinese and Indian universities, ―there are a lot of talented people there,‖ 

but the research facilities were not yet adequate for International Paper‘s research interests (Senior 

R&D Manager., 2013). The fact that International Paper is visiting universities in these countries 

suggests the demand for collaboration exists and that in the future the visits might evolve into research 

collaborations. 

We have presented this case to illustrate the different effects of internationalization on the firm‘s 

university relationships. We observed that the internationalization of the firm‘s manufacturing base 

induced the creation of new industry-university linkages in the host country. We did not observe a 
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reduction on the firm‘s pre-existing university relationships as a direct consequence of 

internationalization. Only when the firms internationalize and narrow their capability set at the same 

time we observed a reduction of the firm‘s pre-existing university relationships. The effect of the 

reduction of the firm‘s capabilities on university relationships, however, is explained in the following 

section. 

4.4 Effects of Focalization 

A known characteristic of capital-intensive industries is their cyclicality (Berends & Romme, 2001). 

Especially during periods of economic downturn, firms reconfigure their manufacturing base divesting 

―non-core‖ assets, reducing their manufacturing capacity, or withdrawing from regional markets. This 

focalization strategy is usually followed after periods of growth through diversification, integration, 

and internationalization. Our research found that when firms narrowed their product base and/or 

contracted geographically, they also narrowed their university relationships. This reduction was 

usually the result of divestures and R&D personnel layoffs.  For example, after International Paper 

divested its imaging division to Kodak in 1998, we did not observe new publications with the 

universities in the field of imaging science as discussed in Section 4.2. 

We found the university relationships most affected during periods of focalization were the ones 

established in response to the firm‘s diversified business lines. In 2005, for example, SCA divested its 

healthcare division. Prior to that divesture, there were collaborations with the Karolinksa University 

Hospital on microbiological studies of wound dressings, with the Sahlgrenska University Hospital on 

patient draping, with the Helsinki University Central Hospital on surgical gowns, among others. After 

the divesture of this business unit, however, we observed a reduction in the firm‘s collaborations with 

university hospitals. 

We also found that after a firm exits a country, they ceased to support university research in that region. 

For example, UPM expanded in the early 2000s into Canada by acquiring Repap Enterprises, a 

magazine paper manufacturer that had a mill in Miramichi, New Brunswick. After this acquisition, new 

collaborations between UPM‘s Miramichi Mill (as the facility was renamed) and the university of New 

Brunswick were observed. In 2004, however, UPM began a period of focalization that led to the closure 

of several of the company‘s mills, including Miramichi in  2007. After the closure of this mill, we 

have seen no evidence of research collaboration between UPM and the University of New Brunswick. 

Focalization not always manifests as a discrete event (e.g. the exit or closure of a business or region), 

and can also occur as a reduction in the company‘s operations. International Paper has not exited 

completely the forestry business, but it has significantly reduced its timberland holdings from 19 

million acres worldwide in 2003, to 450,000 acres in 2008, most of which are located in Brazil 

(International Paper Company., 2008). As a result, we observed a reduction in the firm‘s publications 

with North American universities in the area of forestry. As summarized by a senior R&D manager, 

―because we don‘t have that businesses, we don‘t need R&D [in forestry]‖ (Senior R&D Manager., 

2013). 
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Finally, we found that between 10-15% of the scientists we tracked left the companies to join university 

research labs. These industry-trained researchers can help universities to liaise back to firms when the 

period of focalization is over. 

4.5 Universities as “knowledge buffers” for cyclical industries 

The cyclicality of the forest products industry manifests in periodic changes in the company‘s strategy. 

During periods of focalization we saw firms destroy accumulated capabilities and knowledge as 

discussed in the previous section. While knowledge at the firm level was lost, at the university it 

survived, and when firms began growing through one of the different strategies described earlier 

(integration, diversification, internationalization), they could regain lost capabilities and acquire new 

ones by tapping into the university system. Universities thus play an important role as ―knowledge 

buffers‖ for cyclical industries. The following two case studies illustrate how these 

competence-destroying cycles operate, and the role of universitiesin helping firms to regain lost 

capabilities. 

Domtar’s biorefining comeback 

In 2000, Domtar decided to close down its central research laboratory in Senneville, Quebec. 

According to a senior company executive, the lab closure was part of a larger trend within the Canadian 

forest products industry. Not only Domtar, but ―a very long list of corporate research facilities got 

closed in a span of about 5 years right about that time [early 2000s]‖ (Domtar Senior Manager., 2013). 

One reason for the closure was the economic difficulty faced by the Canadian pulp and paper industry 

in the early 2000s. ―As I recall, and the industry of course is very cyclical, those were difficult times 

in the US and Canada because we just came out of a pretty significant expansion in the capacity. There 

were a lot of new projects that put new capacity in pulp and paper, and there were also a lot of 

expenditures incurred to address environmental issues in the 1990s. Then the market hit a soft spot and 

it became exceedingly difficult to maintain those labs‖ (Domtar Senior Manager., 2013). 

The closure of Domtar‘s Senneville lab can be contrasted with the company‘s recent efforts to restart 

an internal R&D group. In 2008, Domtar hired an R&D director and formed a new R&D group. The 

company also initiated a series of collaborations with universities aimed at   establishing a 

bio-refinery program. In 2009, Domtar established a joint venture with FP Innovations to build and 

operate a commercial-scale nanocrystalline cellulose plant in Windsor, Quebec (Project CelluForce). 

Ironically, Domtar had the internal capability to produce biochemicals during the 1960s, but those 

capabilities were lost over time. As explained by a  senior manager ―the essence of the biorefinery is 

that we can make lumber and pulp, but on top of that, we can also make value-added byproducts such 

as lignin. [We] were doing this in the 1960s, and the reason it stopped is because the economics of it 

didn‘t make any sense. So we are sort of reinventing the wheel‖(Domtar Senior Manager., 2013). 

The development of the MILOX pulping process 

The development of the MILOX pulping technology shows how technological knowledge can be 

preserved at universities even after industry loses interest in its development. During the 1980s, there 
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were increased environmental pressures to reduce organochlorine compounds (i.e. dioxins),  a toxic 

byproduct of the pulp bleaching process (Reinstaller, 2005). In 1984, KCL began studying peroxy acids 

to replace chlorine from the bleaching process. Initial laboratory tests revealed that pulps cooked with 

peroxide acids could be bleached using alkaline hydrogen peroxide to a 90% brightness (Sundquist & 

Poppius-Levlin, 1992). Based on this finding, KCL developed the MILOX (Milieu Oxidative) a 

three-stage process to cook and bleach sulfate pulps through the use of hydrogen peroxide and formic 

acid. 

To develop this technology at an industrial scale, KCL worked in collaboration with Tekes and with 

Kemira Oy, a Finnish manufacturer of hydrogen peroxide and formic acid (Sundquist & 

Poppius-Levlin, 1992). In 1991, Kemira established a pilot plant at Oulu, and began studying how to 

recover formic acid from washing liquors, a necessary step for industrializing the process. 

Interest in the MILOX process, however, declined after the Swedish firm Eka Nobel launched the 

Elemental Chlorine Free (ECF) bleaching process in 1989. This technology modified the bleaching 

sequence through the introduction of extended cooking and oxygen delignification pre- bleaching 

stages and the utilization of an oxygen and peroxide reinforced extraction stage, significantly reducing 

dioxin discharges. Since ECF required only minor modifications to the existing bleaching sequences, 

it was widely adopted (Reinstaller, 2005). 

The pulp and paper company owners of KCL and Kemira decided to stop funding the development of 

MILOX in the early 1990s, both in response to the emergence of ECF, and also after feasibility studies 

conducted by the consulting firm Jaako Poyry Oy showed that while capital costs for building a 

full-size plant would be similar to those required for building a conventional Kraft mill, operation costs 

of the MILOX process would be 20% higher (Young & Akhtar, 1998). 

In 1995, KCL transferred the rights of MILOX to Chempolis (Levlin, 2009), a company formed by Esa 

Rousu, who had been the director of Kemira‘s Oulu plant during the pilot plant trials. During the late 

1990s, Rousu continued developing the MILOX technology in collaboration with researchers at the 

University of Oulu. In particular with Prof. Juha Tanskanen, who was between 2001 and 2010 was part 

of Chempolis‘ R&D team and who became a partner of this company (Chempolis Oy, 2008). 

The development of the MILOX pulping technology highlights the role universities play in allowing 

corporate technologies to mature. UPM, who was partially owner of KCL lost interest in MILOX 

during the 1990s. The technology, however, was not lost and researchers at the Oulu University were 

able to develop this technology into a process that allowed the pulping of non- wood fibers such as 

straw or corn stovers. In 2008, UPM licensed this technology to produce paper from non-wood sources 

at UPM‘s China subsidiary (Chempolis Oy, 2008). In other words, UPM was able to regain this 

technological capability thanks to the knowledge and work done at Oulu University and Chempolis. 

4.6 Limits of the university’s “knowledge buffering” capacity 

A university‘s ―knowledge buffering‖ capacity is limited, and lack of industrial investment in 

university research can lead to a permanent capability loss at the regional level if there is redirection 
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of the university research focus to other areas. The following case studies illustrate this point. 

StoraEnso’s building systems comeback 

During the 1970s, Enso-Gutzeit
1  

was a diversified company with presence in multiple industries 

including chemicals, shipping, electricity, and prefabricated housing industry. During the mid 1980s, 

the company decided to focalize on paper and pulp, divesting several of these unrelated assets. To 

support the flow of raw materials to the company‘s pulp mills, Enso-Gutzeit scaled down its 

sawmilling operations and divested (in 1990) most of its value-added production units including the 

plywood, fiberboard, and prefabricated homes businesses. As explained by a senior company manager 

―there was less strategic focus on making sawmilling into a highly profitable business, it was more 

about a necessity to ensure the flow of logs. That is why we had the sawmills [during the 1990s].‖ 

Since 2007, however, StoraEnso has made efforts to move up the chain into value-added wood 

products. In 2008, the company opened a cross-laminated timber (CLT) mill in Austria, and in 2010 

they acquired Eridomic, a manufacturer of roofing, walls, floors, and housing solutions made from 

CLT. So the company is again in the housing construction business. In the process of capability buildup, 

Stora Enso is relying on an expanded network of university partners. ―There are certain universities in 

Europe that are progressive in terms of wood-based construction and design. It is key to have good 

professors at those universities, and we try to team up with the best ones. Now we have a wider network 

of architects, structural engineering professors, and wood modification professors at different research 

centers. We also sponsor master‘s thesis, and sometimes even doctoral work. We look at these students 

as potential future employees‖(StoraEnso R&D Manager, 2012). 

The StoraEnso case illustrates the competency-destroying cycle of the forest products industry.  As 

explained by a senior company manager ―When you enter the housing business, you follow directly the 

construction cycles. As soon as the economy goes down, however, your profitability drops, and you 

are stuck with fixed assets that then get divested. That is exactly what happened in the 1980s, and it will 

happen again, and it will keep happening like that. It is frustrating because you build up competencies 

and knowledge and then when bad times come it is all swept out and then you have to start from scratch 

again after 10-15 years‖(StoraEnso R&D Manager, 2012). 

The problem with this competency destroying cycle is that it affects the local universities and  their 

research agendas, and it raises questions on whether those capabilities can be successfully regained 

after universities turn their attention to other areas. As explained by a senior manager ―if you take for 

example VTT, which is the state research institute, you can see the same cycles. In the peak time they 

had maybe 20-30 people working on forest and wood products. Now maybe it is just a handful, so it 

also fluctuates. But then the question is do they ever come back? What we see in organizations like 

VTT and when I talk to the state funding organizations in Finland, is that more and more of their money 

goes to the [mobile] gaming industry, for example, to people inventing ‗Angry Birds
2
. Money is going 

                                                           
1 Finnish Enso-Gutzeit merged with Swedish Stora, forming StoraEnso in 1998 
2 Angry Birds is a popular gaming application for smartphones created by Rovio Entertainment, a Finnish computer game 

developer. 
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somewhere else, and it doesn‘t seem to be coming back [to the forest industry]‖ (StoraEnso R&D 

Manager, 2012). 

Impact of deindustrialization on regional university systems 

In 2005, International Paper decided to focus on just two commodity products: uncoated papers and 

packaging. Because the demand for uncoated papers in North America was declining, the company 

decided to expand into Eastern Europe, Latin America, and Asia, where the paper market was growing 

(international Paper Company., 2005). The company thus narrowed its product range and shifted its 

research focus towards short-term projects that were aimed at cost- reduction and at increasing 

production of existing company assets. As summarized by a senior R&D manager ―our emphasis is to 

be the lowest cost producer‖ (Senior R&D Manager., 2013). International Paper stopped internal work 

on fundamental pulping or bleaching technologies, leaving those long-term exploratory projects to 

universities. The company reduced R&D expenditures from US$63 millions in 2005 to US$13 millions 

in 2011. 

These recent strategic actions have negatively affected the firm‘s relationships with universities and 

research institutes. As explained by a senior executive of the Institute of Paper Science and Technology 

(IPST), ―research centers in Canada, Sweden, Finland, and Brazil have all undergone transformation 

in their research programs as a result of a number of factors, one of which is that corporations are 

investing less in traditional research areas of pulping and bleaching. Because of that decline, most of 

the research groups aligned with the industry have moved into areas such as biorefining and into new 

materials such as nanocrystalline cellulose. The pulp and paper companies are keeping alert and 

tracking [these areas] but they are not driving their development. Other industries, such as the 

chemicals and composite materials industries are driving the investment and research at the university 

level. They also are hiring the PhDs whereas the traditional pulp and paper companies are not hiring 

PhD candidates. These new industries are recruiting and thus influencing what universities are focusing 

on in response to that demand‖ (Executive IPST, 2013). In other words, even though International 

Paper is relying on universities for new bleaching and pulping technologies, universities might not be 

able to deliver since companies have reduced their university support. As explained by an IPST 

executive ―if you were to look at the graduate programs in the world, except for China, you would see 

that most of the graduate programs [in pulp and paper] are declining in terms of participants and the 

capacity to deliver on research by the numbers and experience of the faculty‖ (Executive IPST, 

2013).Conclusions and Policy Implications 

The goal of this paper was to answer how industry-university relationships coevolve with changes in 

firm strategy, an important literature gap. We show that firms were particularly likely to form new 

university relationships when (1) integrating new positions in the value chain, (2) diversifying their 

industrial base, or (3) internationalizing the manufacturing base. In contrast, when firms narrowed their 

business and geographical scope, they reduced university links. This differs from existing literature, 

which finds the rate of external alliance formation to be higher when firms were in difficult market 
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situations (Eisenhardt & Schoonhoven, 1996). Our research suggests the opposite. When forest 

products firms were in weak strategic positions, they often moved down the value chain and divest 

technological capabilities and reduced university links. These ―competency-destroying‖ cycles tended 

to coincide with periods of economic downturn. 

A second finding refers to the locus of the firm‘s absorptive capacity. While this construct has 

traditionally been modeled in terms of the firm‘s R&D intensity (W. M. Cohen & Levinthal, 1990), our 

research suggests that the firm‘s absorptive capacity is also affected by the organizational form, that is, 

the diversity of the firm‘s manufacturing operations, and the geographic diversity of these operations. 

This finding contrasts with previous research findings that firms with centralized R&D labs spend more 

on university research (Bercovitz & Feldman, 2007). The finding also underscores important regional 

dynamics. If the locus of the firm‘s absorptive capacity resides in its manufacturing base, then 

deindustrialization also poses risks for universities and their research agendas with industry. 

Because of the dissimilarities in the time scale for change, universities can act as ―knowledge buffers‖ 

for of cyclical industries, helping firms to regain lost capabilities and allowing corporate technologies 

time to mature despite changes in firm strategy. However, this ―knowledge  buffering‖ capacity is 

limited, so that lack of industrial investment in university research can lead to a permanent capability 

loss if there is redirection of the university research focus to other areas. This finding has important 

policy implications. If industries stop investing in university research during periods of economic 

downturns, capabilities can be lost permanently. Regions might thus consider countercyclical 

investments in university R&D as a means of preventing the loss of specific  capabilities. 

The idea that firm strategy affects the formation and evolution of university relationships can be 

generalizable to other industries. The strategic change process of forest products firms, however, has 

features that may be applicable only to large, commodity-grade capital-intensive industries (e.g. 

mining, oil & gas). More research is thus needed to assess the coevolution of industry- university 

relationships in non-cyclical or technology-advanced industries. 
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1. Introduction  

Impact is many times perceived as the direct result from a collaboration effort between academia and 

industry or interaction with public sector organizations. New materials, technologies,  processes, 

patents or new start-ups are typical examples of impacts held forward. Such narrow view is however 

increasingly becoming challenged and a better understanding of ‗impact reach and significance  ́

beyond the immediate time horizon of research project outputs are called for. Contributions to a more 

sustainable society and to economy, health and culture in society are  alternative  and  more  future- 

oriented forms of impacts or outcomes from academic research that are increasingly discussed. This 

is illustrated not the least in the UK REF 2014 (Melville et al., 2015). Similarly, in the same spirit, 

the broadening of the concept of innovation goes beyond technology innovations to also include social 

innovation with the purpose to develop policies or to solve social needs and problems (Goldenberg, 

2004; Mulgan et al. 2007). 

Collaboration and engagement with society have been elements of the Swedish university law since 

the early 1970‘s and was further strengthened in the 1992 version of the law. Sweden is an interesting 

case when it comes to understanding how impact in a broad sense is created as a consequence to 

a national regulation, known as the ―teachers‘ exemption‖ which grants all rights of scientific 

discoveries to the researcher. This means that the traditional linear spin-out funnel i.e. that a university 

identifies important discoveries, form patents and sell licensees or start new companies (Clarysse et 

al., 2005) is not necessarily the only way to transfer knowledge from academia to society. As a result, 

Swedish universities are inducing alternative ways to stimulate the diffusion of research results to create 

societal impact using different university-industry interaction mechanisms (Jacobsson and Perez Vico, 

2010). 

One approach to stimulate various forms of university – industry interactions in Sweden is the 

initiation of so called VINN Excellence centres. These centres focus on creating international 

competitive research environments and networks for need-driven and multi-disciplinary research in 

close collaboration with industry. Both fundamental and applied research is in focus to generate new 

knowledge and technologies with the explicit ambition to create impact in the form of new products, 

processes and services. Each centre is financed by 70 MSEK on a yearly basis from Swedish 

governmental funds which constitutes one third from the centres complete funding (one  third  is 

financed from the host university  and  one third  from participating  companies). These centres 

were formed in 2007 and will be formally terminated in 2017 however with the goal for these centres 

to have become viable and hence survive using other financial means. Also, it was recently decided that 

a new call for VINN Excellence centre proposals will be announced during 2015 indicating the success 

of these centres. Since the centres have an explicit ambition to create impact through the development 

of close interaction between academia and industry without specifying desirable impact creation path 

mechanisms, they provide an interesting case when aiming to understand how to organize and manage 
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for societal impact. KTH – Royal Institute of Technology, Swedens‘ largest technical university with 

a faculty of about 3000 employees is the host for six Vinn Excellence centres. 

In this paper one of these centres, a material science centre, is target for a fine-grained and explorative 

investigation in order to understand how centres are providing means for impact in a broad sense. This 

is in alignment to the call for a more in depth understanding of university-industry interactions 

(Perkmann and Walsh, 2007). Advances in material sciences rely on a combination of skills in 

developing theoretical models, performing experiments and the use of knowledge from more basic 

oriented science with contributions from surface chemistry and physics. The analysis of the research 

centres is a prioritized action for KTH internally in understanding how European universities position 

themselves with regards to impact strategies. At a national level, the study contributes with policy 

relevant results, which can inform the development of a model for collaboration coordinated by the 

Swedish Innovation Agency (Vinnova 2014). 

2. Previous studies and state of the art 

Creating societal impact involves a broad range of activities; from understanding stakeholders‘ future 

and latent needs to be able to select and transform or translate academic result to practical solutions 

and to  evaluate the same. Understanding how a  university more systematically and effectively can 

organize to develop the skills, competences and roles needed in the different phases emerge as crucial. 

Previous studies recognize that advances in science, experimental activity and theoretical models can 

occur at different time, creating a dynamic between theoretical and experimental work (Galison, 1997). 

In the context of the material science centre studied here, this is a relevant observation since there 

is an interaction between the cutting-edge research on theoretical models for materials and the 

experimental work developing and testing properties of materials. Societal impact is many times 

broken down separating between more specific types of impact such as economic, health, cultural etc. 

or between different types of the functional impacts resulting from different types of interactions 

between academia and industry/public organizations such as resource, competence or network effects 

(Perez Vico,  2014). 

Questions about university-industry collaboration, impact and visibility for university-based research 

centres are in the core of this study and it draws on analysis of university-industry relations (Tijssen 

et al. 2009; Perkmann and Walsh 2009). Furthermore, from an organizational perspective, previous 

studies of hybrid-research environments including university and industry logics are of relevance 

(Thune and Gulbrandsen, 2010) by prompting questions about how to analyze their impact logic 

in terms of scientific publications (high impact journals), product development, teaching and education 

(engineers and PhDs for industry needs) and also in a broader societal context addressing grand societal 

challenges. In the contemporary social contract for science, knowledge is increasingly developed as 

a collaborative endeavour of co-production and co-creation to address some of the major challenges, 

such as climate change (Mauser et al. 2013; Gibbons 1999; Armitage et al. 2011; Lubchenco 1998). 
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Closely aligned to the discourse of impact creation is the research related to university-industry 

interactions. These interactions are crucial mechanisms for creating impact in a broad sense by 

enabling knowledge to diffuse from academia to industry and to the society (Etzkowitz, 2004; 

Jacobssen et al., 2010). In more recent literature, several models have been developed to categorise 

and rank different types of interaction mechanisms as well as to attempt to trace their influence on 

different types of impacts (Baraldi et al., 2013; Perez Vico et al., 2014). The result from these studies 

shows that even though there is a value in separating between different interactions mechanisms, 

linking these interaction mechanisms to a particular impact outcome is problematic. The underlying 

reason is the complex and intertwined relationships between different interaction mechanisms as well 

as their impact (Perez Vico et al., 2014). The call for more explorative studies with the purpose to 

describe more in depth how universities are organising and managing to enable different types of 

impact to be created emerge as crucial not only to inform university management but also policy 

makers. 

3. Methodology 

The analysis of the research centre is combining mainly three sources: interviews with researchers and 

company representatives at the centre, reports from external evaluations of the centre and centre 

internal documents. The study also draws on some bibliometric data about publication, co-authorships 

and journals where researchers affiliated with the centre publish their results, see Appendix for an 

overview of journals
1
. The approach of this study is to combine in-depth interviews with centre 

managers, scientists and industry partners. Questions relate to impact definitions, creation mechanisms 

and result. The analysis of strategic plans and national evaluation reports also benefit from an iterative 

analysis including researchers‘ expertise in centres and experiences from university-industry relations 

in areas of material sciences. This work draws on previous research and methodology development for 

analysis of university-industry collaboration including institutes, academia and industry (Larsen and 

Sjögårde, 2013; Larsen, 2004; Kihlander et al., 2011). The analysis of strategic plans and external 

evaluations of centres as part of the university organization also draws on studies of interdisciplinary 

as a discourse of innovation (Stehr and Wiengarth, 2000) and impact discourses from national 

priorities and strategic science (Senker, 1991). One significant national policy event in the Swedish 

context is the introduction of Strategic Research Areas (SRA) in 2008 (Gov Bill 2008/9) highlighting 

certain science and technology areas by defining 20 areas including, for example energy and material 

sciences. The sources used, such as reports from external evaluation of centres also outlines 

definitions and interpretations of impact, further discussed in results section of the paper. The result 

from the evaluation of impact has been of particular interest for the study in this paper. Not the least 

how impact was defined by the centre members as well as by the evaluation agency. 

                                                           
1 Analysis of the bibliometric data thereby provides scope for further analysis, and will be presented in a separate 
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4. Empirical setting 

The centre target for the investigation presented in this paper is a Vinn Excellence centre in the field 

of material science. The focus for the research performed within the centre is theoretical analysis 

and experimental characterization of inorganic materials, ranging from individual atoms to the 

macroscopic length scale. This includes research within several areas where the computational 

thermodynamics and kinetic studies of hard metals and steel is considered core competence. Models, 

software and databases for thermodynamic and kinetic simulations for these materials are developed 

by making use of approaches ranging from more fundamental atomistic modelling to experimental 

studies of the mechanical properties of solid materials. 

The vision of the centre is to within a time period of ten years being able to design industrially relevant 

materials in an integrated process involving all appropriate scales of length and time. Further, the 

resulting materials are aimed to obtain desired properties at minimum cost and time. The mission for 

the centre is ―to develop tools and competence for fast, intelligent and cost efficient product 

development for Swedish industry and the improvements of products and processes aims to contribute 

to a sustainable society‖. A rather broad range of materials and mechanical properties constitute the 

target for research i.e. enhanced magnetic, electronic and optical properties of hard materials, steels, 

bulk metallic glasses and quasicrystalline alloys. Fourteen different Sweden-based large and small 

material producing companies are associated to the centre whereof many of these are competitors. 

In addition to the company‘s financial contribution to the centre, researchers‘ in the companies are 

active in at least one research project either as project manager or as an active member. All researchers 

within the centre are employed at the same university, KTH. The centre started in 2007 building on the 

collaboration developed in a similar initiative. Hence, many of the representatives from the participating 

companies were familiar to each other as well as to many of the senior researchers already from the start 

of the centre. 

The management board of the centre is coordinated by a senior scientist while the head of the board 

is affiliated to one of the companies. The centre is organized around a project portfolio which is divided 

into two main themes; generic (i.e. fundamental) and applied research projects. The management of 

these projects is performed using a number of regular meetings on a quarterly basis. The  main 

interaction mechanisms between university and industry is considered to be the active participation 

of company affiliated researchers in ongoing research projects. However, other interaction 

mechanisms such as academic researchers having access to infrastructure for experimentation in 

companies, one- to-one meetings, yearly centre-days and an active homepage are also used. The 

coordinator of  the centre is spending a lot of effort to continuously inform participating companies 

about the progress in the different projects. In addition, the  PhD students are encouraged to spend 

time in the company facilities. In addition to the more traditional ways to organize for research, the 

centre has been active in developing a program with the aim to improve gender equality in the 

Swedish material research society. The financial support for the centre is used to finance a number 
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of PhD students and hence these projects constitute the core of the project portfolio. This also means 

that the PhD projects differ in terms how generic and applied these are in their character. 

The centre has over the years been evaluated by national agencies for three times. In the  latest 

evaluation, the impact created as a result from the activities performed within the centre was the target 

in contrast to earlier evaluations which were more unilaterally focused on scientific impact and 

organizational issues. 

5. Findings and interpretation 

The results of the study are described in three thematic areas; firstly, defining and organizing for impact, 

secondly managing both scientific rigour and practical relevance, and thirdly, the broad range of 

impact created. The interpretation of the results is presented in an analysis and discussion of two 

key themes: managing impact creation as a process and the focus on creating scientific impact in 

relation to broader societal impact. 

Defining and organizing for impact 

The vision statement of the centre expresses its ambition about what types of impact that is desirable. 

The vision emphasizes that within a time period of ten years, ―industrially relevant‖ materials are to be 

designed to obtain (by industry) desired properties at minimum costs and time. Further, the mission 

statement is providing an even more ambitious end-goal by declaring that the improvements of 

products and processes aim to contribute to a sustainable society indicating that the centre has adopted 

a rather broad definition of impact. 

The interviews with the respondents indicate that impact as a term is not frequently discussed within 

the centre. Other equivalent and more frequently used terms are discussions of the ―applicability‖ of 

the research performed in the centre or ―value for industry‖. For the most fundamental research projects, 

―the importance of the phenomenon under investigation for the solution of practical problems‖ is 

discussed as an indicator for a project‘s impact potential. This forward looking way of the impact 

agenda (Snickars et al., 2015) is contrasted with the backward looking perspective that is applied in 

the processes of research assessment evaluations like KTH Research Assessment Exercises RAE 2012 

that did include case examples of impact from research collaboration with industry in a similar vein 

as the REF 2014 in UK (HEFCE, 2015a). 

Impact is for most of the respondents understood as closely related to the output from the research 

projects; in the centre this means verified and validated tools and methods to be used for advanced 

material design. These tools are understood as important vehicles for speeding up the product 

development or material design processes within the companies participating since the tools enable 

companies to perform only a few critical experiments before scaling up their development and testing 

of new materials. 

The centres explicit ambition to generate impact is also reflected by the management having taken 

a number of measures to organise for impact to be created. First of all, the financial model does 
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not allow the companies to finance any company specific projects. Instead, the senior academic 

researchers are on a regular basis suggesting new projects for the management board. In most of the 

cases, these suggestions are approved. The division of the projects in the project portfolio between 

generic and applied projects is considered to have been a supportive mechanism as it better clarifies 

the different expectations and goals for all participants. This has allowed for the decision to also start 

projects investigating very novel types of material despite the company representative‘s initial 

hesitation. The trust shown for the suggestions for projects stemming from the academic researchers 

in combination with a responsiveness for the need as expressed by the participating companies is 

considered to be a key for generating the impact desirable according to the respondents. A crucial 

competence brought up is the ability to understand when to stop a certain project in order for it not 

to generate results too closely to the end-product of the participant companies. This ability to 

understand when a project needs to be finalized is developed by complementing the formal meetings 

in the centre with informal ones. The industrial partners are competitors but view the centre as a 

platform for collaboration to build new knowledge and competence. This is why it is important for 

the projects performed to be more fundamental than too applied since the latter risk to come up with 

results that interfere with one or several companies‘ proprieties. 

Interestingly, the national evaluation of the centre that had an explicit ambition to investigate the impact 

created resulted in a rather intense activity within the centre. Tracing what impact had been created 

and how was found to be a far from straightforward process. It required an intense communication 

and the set-up of dedicated meetings with the purpose to identify the different types of impact created 

within the participating companies. This effort resulted in the generation of short descriptions of 

particular impacts created in the different companies as well as other types of impact reaching beyond 

the centre and its partners for instance, the impact created through a gender equality project. Clearly, 

the national evaluation request for examples of impact created beyond the traditional ones such as 

number of publications, patents, licenses etc. nurtured valuable discussions on what impact is and can 

be in the centre. 

Managing both scientific rigour and practical relevance 

In the interviews conflicts between the demands to generate both scientific and practical relevance 

were seldom brought up as being problematic. The primary reason is the decision made in the centre 

to focus on generating scientific output which is rather fundamental in its character. This means that 

more basic academic research is in focus and hence the majority of the results generated are 

publishable. Considering that the companies are embracing scientific publications as an important tool 

for strengthening their scientific image by their names being visible in scientific papers, this strategy 

creates a fruitful win-win situation for both academia and industry. 

An additional reason to why a rather fundamental output is considered being highly valuable for the 

industrial partners is due to that these results are quickly transferred to practical usage. The underlying 

reason to this brought up by the respondents is due to that personnel from participating companies has 
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an active role in the projects and hence is familiar with the tools and methods developed. The quick 

and rather straight-forward transfer is further facilitated by the fact that many of the former PhD 

students in the centre are today employed in the companies. 

In addition to the creation of mechanisms for quick and smooth knowledge transfer the respondents 

working in the most fundamental projects in the centre brought up the importance in developing 

competence in translating practical needs in industry to form fundamental research needs or questions. 

The role of the software company participating in the centre was highlighted as crucial  since  its 

personnel were found to have developed a specific competence in understanding ―both worlds‖ and 

hence to be able to translate the problems as expressed by the engineers in the companies to more 

fundamental research questions. However, it was also embraced that even though interesting research 

questions were defined stemming from practical needs, it was far from straight forward for the 

researchers to separate between those problems that are easily solvable from those that are less. The 

need for the more fundamental projects to identify  several  problems  to  work  with  in  parallel  

was hence highlighted as an important strategy for the centre in order not to get stuck in one problem 

that may turn out to be far from solvable within the time frame of the centres existence. The centres 

ability to identify and translate needs and ―create a very effective industry pull for basic research‖ is 

further commented upon in the national evaluation documents. 

The broad range of impact created 

The impact created as a result from the activities in the centre is manifold and not always easy to 

capture. When respondents were asked to bring up examples of impact created in the centre some 

patterns emerged. The centre‘s strength is in theoretical models and contribution to software databases 

and well-trained material scientists and this was reflected in many of examples brought up. The models 

and tools speed up the product development or material design processes in the participating 

companies and hence provide examples of economic impact. The underlying reason is that these 

models are forcefully reducing the number of experiments needed to move forward; the models make 

it possible to select a few critical experiments. 

The research has also resulted in improvements of the software tools that are sold by the vendor 

of these and hence indirectly contribute to their increased sales figures. Improvements of these tools 

include both improvements to the underlying databases as well as improvement in the user interface. 

Not the least the latter was brought up as crucial as it was considered  to  have  contributed  to  an 

increased usage of simulations that else would have risked to be less used in practice if perceived as 

too complicated to make use of. In addition to these software based models, respondents brought up 

how the research many times resulted in even less tangible outcomes such as changing peoples way 

of thinking when designing materials. The evidence for such mind-shifting to have taken place was 

received through informal dialogues. 

Interestingly, tangible impact including products and near-market applications was  not  highlighted 

during the interviews as focus of collaborative efforts. Representatives from industry expressed that 
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often it is not the actual product, but rather the ―tools and methods that can be used to speed up the 

product development within the company and shorten the time for  products  with  several  years‖. 

Saving energy by lowering temperatures in processes and saving resources by being able to optimize 

material usage in products are yet other effects resulting from the use of the tools and  methods 

developed. A more recent project aiming to replace cobalt in alloys was brought up as an example 

of decisions made in the centre to not only address needs that are here and now but rather will 

contribute to a sustainable environment and hence go beyond in reach and significance. It targets 

impact also beyond the national boarder and the centres direct users. In addition the co-publication 

of articles and the participation in international conferences was brought up as a good way  to  be  

visible  in  the research community and promote the company. The usefulness of the research results 

was supported by company representatives: ―If these were not valuable we would not participate (in 

the centre). We are not doing charity here!‖ 

Also, the value of well-educated researchers from the centre is brought up as an example of a crucial 

impact generated. Many of the finalized doctoral students within the centre are today employed by the 

participating companies. Interestingly, the value of co-publications per se was also brought up as an 

important impact since it is seen as a device for enabling the high-tech image  for  participating 

industrial partners. 

In addition to the direct scientific impacts highlighted, the impact created through the gender equality 

projects was brought up by many of the respondents. Examples of impact created from this project 

were beyond the impact it was considered to have had on several of the respondents' personal ability 

to more effectively interact in university and industry interactions. Also the creation of a national 

network of female materials scientists and the influence of gender policies in the university as a whole 

was brought up as important results from this project. 

Managing impact creation as a process 

The analysis of the empirical result shows that when considering impact creation as a process, some 

factors emerge as crucial to handle when having an explicit ambition to create impact in a broad sense. 

These factors are further discussed below. 

In this study, several mechanisms were brought up related to how the need in practice is addressed. 

Not the least how practical problems are in need for a series of translations to form more fundamental 

research questions were highlighted. Research shows that the needs of practitioners are in general not 

well understood (Young and Borland, 2011). The underlying reason is partly related to that academic 

researchers and practitioners are engaged in two very different work processes. Researchers strive 

to generalize from findings in specific contexts while practitioners apply general principles to a 

particular case. Young and Borland (2011) claim that in order to solve the issue with the two groups 

having different ―practical ontologies‖ it is important not to only pay attention to the first chain of 

translation. 
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Researchers need to translate research results to enable a practical usage of these, something that 

requires increased interactions or a more systemic or active knowledge brokering (Young and Borland, 

2011). In the case centre, considerable effort for both its management and its senior researchers 

is related to understanding how to translate the need in practice to form also interesting research 

questions. The large number of meetings between academic researchers and participating company 

representatives, formal as well as informal in combination with the financial model not allowing 

company-specific projects that require extensive effort to identify problems that will contribute to both 

practice and research for many partners provides effective means for translation of needs in practice. 

A model which do not allow any industrial partners to finance single and partner specific projects 

emerge raises questions of technology as a commons (Wormbs, 2011) and how to manage a common 

pool of resources efficiently (Ostrom, 1990). 

In addition, the software vendor is found to act both as a translator of the needs from practice and as 

a translator of the research result to ensure the research becomes useful in practice. The active 

involvement of the company affiliated researchers in the ongoing projects and the large amount of 

former PhD students becoming employed in the participating companies also facilitate the translation 

of the research result to become of practical usage. The sharing of resources both in ongoing projects 

and through exchange in affiliation can also be considered to be an important mechanisms to build an 

absorptive capacity i.e. an ability to not only acquire but to be able to effectively transform external 

information and knowledge to innovative products, services etc. (Cohen and Levinthal, 1989; 1990). 

The development of an absorptive capacity is supported by internal routines, culture and earlier 

experiences of such transformation process. An absorptive capacity can also as shown in the centre 

in this study, be as crucial to build up in the academic environment when it comes to understanding 

how to translate the needs in practice as in the receiving companies. The importance in building what 

here is referred to as a dual absorptive capacity i.e. building the capacity in both industry and in 

academia is suggested to form an interesting area within the Triple Helix research. 

The management of the portfolio of projects is found to be critical. The active participation of 

researchers in the projects does not only provide means for a stronger commitment and engagement 

in the research; it also facilitates the transfer of knowledge which makes the time between the project 

completion and the use of the result in the companies shorter. The trust for the academic researchers 

and their suggestions for directions is yet another important factor. This trust is built up by three 

mechanisms; the history of the researchers in the centre to be able to come up with useful results, the 

positive evaluation of the centre in the national evaluations and the  dedication  to  intense 

communication by the management of the centre. 

Interestingly, the analysis shows that the centre has in conjunction to the national evaluation adopted 

a more comprehensive view of what impact is and can be. This is in line with an on-going policy 

at KTH framed in terms of ―Pathways to impact‖ that highlights the importance in considering several 

different aspects of impact. Another example is the KTH Research Assessment Exercises RAE 2012, 
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which collected and analysed impact cases from all disciplines to illustrate the broad range of impact 

created at KTH. Previous studies of relations between academia and industry in public sector research 

(Faulkner and Senker, 1998) also confirms this showing how industry‘s reason for engaging in 

collaborative efforts with academia being access to cutting edge theoretical work and models. Other 

studies of industry-academia collaboration (in ICT-applications) also stress access to academic 

networks as the ability getting access to future employees (Höjer et al., 2012). 

The evaluation of the centre performed on the commission of the national government, was found 

to initiate an intense effort for the management of the centre to identify what the research performed 

so far had generated in terms of effects in the industry and on a broader reach. The capture of the 

impact created was however found to be far from an easy task. The main reason is because a lot of the 

impact generated is far from visible. The examples brought up are found on a scale of more or less 

intangible and hence far from easy to measure. Further, the chain of evidence from bringing in the 

models in the companies to its effect on product development lead times is far from self-evident. The 

positive outcome from the exercise to identify impacts generated was a more comprehensive view of 

what impact is and can be. This finding is further supported by the first analyses of the REF 2014 

in UK (Melville et al., 2015), that indicates that the evaluation is considered valuable by those most 

heavily involved even though the burden is rather high. From the work with assessing impact in REF- 

documentation (Melville 2015; HEFCE 2015a), conclusions about the cultural impact on academia 

itself was highlighted. The importance for national evaluations to embrace a broad range of impacts 

can, based in the study presented in this paper be considered to be a crucial mechanism when it comes 

to support centres in understanding their role and how to improve their ways of working; it provides 

an opportunity to learn what in existing ways of creating impact in a centre works and what is in need 

for further improvement. 

The study shows the potential in developing an understanding for impact creation as a process that 

requires attention beyond the university-industry interaction; careful attention is required also in the 

need translation process as well as the impact capture process. 

Focus on creating scientific output in relation to a broader societal impact 

The study shows that surprisingly, the majority of the projects as well as its outcomes are geared more 

towards basic research and with tendency to avoid projects too close to final material designs and 

practical applications. This result has some support in earlier empirical findings in studies of public 

sector research and industry relations with university-based centres (Faulkner and Senker 1998; Höjer 

et al. 2012) but also challenge views of what industry requires and looks for in academic 

collaborations. Experimentally based material models  are  perceived  to  represent  the  level  of 

technology maturity that is able to build generic knowledge and at the same time enable the industrial 

partner to make unique material development in-house. Identifying the right format or  level  of 

maturity of the output generated is hence crucial in the centres. Demonstrators of innovative materials 

can be seen to function similar to cultural probes (Gaver et al., 1999) known to be  effective  in 
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identifying stakeholders latent needs and to spur novel ideas and products. This is particularly 

interesting considering that the dominating types of projects in the  project  portfolio  of  the  

centre studied is rather fundamental projects, and at the same time concerned with practical questions 

relating to new materials. Moreover, the interviews revealed that the broader societal impact of these 

projects is discussed in the centre and broader application of their knowledge is a motivation for 

researchers. So then, the question becomes: in what ways can a greater awareness of possible types 

of societal impact and ability to articulate these guide future investments in similar initiatives. The 

companies express the importance of the output from the centre to not being too close to final designs 

to avoid confidential issues as a consequence from that many of the involved companies are 

competitors. However, industry partners did stress the value of these theoretical models to save money 

(in practice) by reducing costs for materials and the value of models for experimental testing of 

materials. These different values for industry (value of theoretical models but also avoiding 

near-market product development with academic partners) represents a more nuanced discourse about 

industry and societal impact from university-industry collaboration. This discourse requires a 

familiarity in academia with work processes in industrial settings and, equally important, that industry 

partners recognize incentives for scientific excellence and publications. This interactive awareness is 

guiding work processes and science team behavior in academic-industry research environments. One 

example is the role of co-publication, which emerges as a valuable device for the centres in both 

internal and external processes in order for: 

• Academia to create both engagement and new knowledge (internal research processes carried out 

together with industry partners) 

• Industry partners to signal scientific excellence in science networks to attract skilled people. (external 

process of recruiting and ability to identify competence needs) 

The broad range of regular activities between researchers and participants is considered to facilitate 

effective means for impact. Perkmann and Walsh (2009) showed that that if a broader portfolio of 

activities is enabled between external collaborators and academic partners, it improves both the 

knowledge transfer and the academic excellence. The awareness among collaborators about different 

areas of application of new materials and the wide range of different types of research work required 

for advancing science and technology in this area is a key ability for enabling effective collaborative 

processes including a diverse team of scholars from different academic disciplines. 

The use of a broad range of activities are considered to support the development of what Cohen and 

Levinthal (1990) describes as 'absorptive capacity' where research activities in  companies (or other 

organizations) benefit the organization both by providing new innovations but also by creating  a 

capacity to absorb new ideas and recognize skills needed ahead. This way of reasoning was also seen 

in the case studied here and strengthens the view of the centre as a research environment with a broad 

understanding of a range of different types of impact. 
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6. Conclusions 

This study complements extant research by focusing on understanding how impact in a broad sense 

and not only as a direct result from academic research is facilitated. It is shown that economic impact 

in the participating companies is created and taking in consideration the direction  of  some  of  the 

projects, societal impact by focusing on sustainability issues (cobalt replacement) is also generated. 

The results of the analysis highlight impact in four main areas including: 1) tools and methods saving 

time, money and materials 2) education of skilled people 3) empirical analysis of materials which 

contributes to solutions of theoretical problems; and 4) impact through absorptive capacity and 

science-signalling (co-publications between industry partners and centre researchers). 

Further the study shows that some factors emerge as more crucial than others when academy is aiming 

to make use of centres as impact creators. The centre is found to engage in different aspects of research 

and development work in material sciences; from development of theoretical models to experimental 

work and more fundamental (basic) oriented research. One conclusion in relation to impact is that the 

case centre has created awareness among collaborators about different areas of application of new 

materials and the wide range of different types of research work required for advancing science and 

technology in this area. This awareness about areas of application and diversity of research in the 

centre is identified as a key ability for enabling effective collaborative interactions. It facilitates 

exchange relating to strategic research priorities of the centre including problem definition for 

academic research in relation to in-company research. In the case centre, considerable effort for both 

its management and its senior researchers is related to understanding how to translate the need 

(formulated by industry) in practice to form also interesting research questions. This is supported by 

previous studies; for example, Perkmann and Walsh (2009), which showed that if a broader portfolio 

of activities is enabled between external collaborators and academic partners, it improves both 

knowledge transfer to industry and the academic excellence. 

Interestingly the study showed that the national evaluation of the centre has several effects on the 

impact creation in the centre by creating attention to alternative forms of impact. It was found that the 

activities relating to the need translation process was amplified by the national evaluation of the centre 

and generated mechanisms for discussing scope and definitions of impact from the centre's activities 

among the different participants. In previous work, a broad range of regular activities between 

researchers and participants is considered to facilitate effective means for impact. Thereby, the 

findings in this study of a material sciences centre provide further empirical understanding of the 

dynamics between national-university-centre level of organizing for translation and interpretation of 

impact. At best, these processes can at a centre level create a vocabulary of impact suitable for learning 

processes, beyond reaching a common definition, which is meaningful for both academic and industry 

partners. In analysing the role of centres as impact creators, the study shows the potential in enabling 

the development of centres in academic environments already shown to be scientifically strong. 
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7. Policy implications and directions for further research 

The relation between scientific impact and the broader societal impact is not straightforward, but must 

be considered in the context of the policy landscape in which the universities and these centres are 

operating. The centre studied here was established from a call for VINN Excellence centres with the 

explicit objectives to deal with both basic and applied research and work to ensure that new knowledge 

and new technological developments lead to new products, processes and services. 

Following the launch of these centres, in 2008/09 the Swedish government launched  20  strategic 

research areas (SRAs), which would become a strong influence on universities‘ internal priorities. 

Interestingly, the impact of VINN Excellence centres were not evaluated before a new direction was 

taken geared more towards Challenge driven research. In the fall 2015, there is a new call in a program 

for long-term research collaboration (Vinnova 2015) which the purpose to: create new, internationally 

competitive centres with the mission to carry out user-oriented excellent research, which can be applied 

by industry and used in society. A special note in the call is that particular attention will be paid to 

how the centres relates to existing resources, such as strategic innovation areas, existing centre 

initiatives and internal (faculty funded) university research. This emphasis on relating new initiatives 

to existing infrastructures creates an intricate situation for analysing impact – both for university policy 

and for methodological considerations in assessing impact. 

University policy responding to this requirement to link new initiatives to existing research areas and 

centres is, on one hand, running the risk for enforcing existing infrastructures (at the expense of 

investment in novel areas) and doing more of the same type of research. On the other hand, the logic 

of strong links between existing and future research agendas is that it is a research investment strategy 

for creating strong research environments. The latter argument has, in Swedish and EU science policy, 

been linked to the research excellence agenda and also received some critique to enforce  existing 

structures at expense of renewal. Hence, one conclusion from the study concerns the relation between 

the impact agenda and discourses of scientific excellence. The results of the study points to the 

importance that centres of excellence have a ‗strong voice‘ and agency but also ‗literacy‘ in 

interpreting and understanding collaborators‘ incentive structures. This is a prerequisite for promoting 

new areas of enquiry in collaboration with industry to ensure renewal and diversity of initiatives. 

Furthermore, to prevent lock-in, also recognize such incentives, which may enforce existing structures 

and research directions at the expense of novel approaches. 

The methodological questions relates to how to assess impact from different types of research 

activities drawing on a broader set of information sources from both academic and industry partners, 

including information based on publication activities. By incorporating a broader perspective of impact 

from research activities and incorporating experiences from the scientists and representatives from 

industry, we can also capture some dimensions of impact which are at the core of research centres, but  

may be receiving less attention if applying the interpretation of impact used in international examples, 
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such as the REF
1
, describing impact as ―an effect on, change or benefit to the economy, society, culture, 

public policy or services, health, the environment or quality of life, beyond academia‖. With this 

definition, some dimensions of impact from collaborative  research in centres (such as co-publication 

as a way to signal excellence to attract skilled people) would be of relevance to industry but serve 

another purpose for the researcher responding to academic incentives of scientific publishing. A 

concern is raised for the REF to not embrace a broad enough definition where impact from teaching 

is not included, and industry‘s reluctance to reveal sensitive results, as illustrated in (HEFCE 2015b): 

―While the definition of impact used by REF is broad, there are certain activities that are not included, 

such as public engagement and impact on teaching in the home institution. In addition, some types 

of impact are harder to claim due to difficulties in providing appropriate supporting evidence, 

including where findings are commercially sensitive. The case studies, academics point out, are 

therefore not fully representative of the range of impacts occurring across the entire university sector. 

―The empirically grounded analysis in this study provides some conclusions that the use of iterative 

enquiry between centres‘ researchers and industry representatives are necessary in order to: 

• gain understanding about different types of impact and the relation between scientific excellence, 

industry applications and societal impact based on a solid knowledge base about impact dimensions 

that are decisive for specific science fields. 

• build a capacity to discuss and interpret the different types of bibliometric measures of impact in 

relation to specific science fields where scientist are experts in fast emerging fields and bibliometric 

analysis of their publications can reveal these trends after a few years. 

The study prompts questions about impact logics in hybrid-organizations where knowledge production 

is involving university centres and also being guided by industry. How do organizations cope with 

(sometimes) conflicting logics operating at the same time? How does the contemporary university 

incorporate de-centralized ‗nuclei of excellence‘ and represent and cutting edge  scientific 

environments guided by idiosyncratic logic of how impact is best created, captured  and 

communicated? These are some interesting questions for further research concerned with university- 

industry impact aiming at an improved empirical understanding of impact logics that that may 

challenge our understanding about knowledge production and how university centres act as knowledge 

carriers in hybrid organizational settings. 

Working towards uncovering future applications is not an easy task; neither is identifying synergies 

between different types of impact categories in research, teaching and industry development work. 

While national evaluations of impact usually focus on time-window of five to ten years, a longer time 

perspective is many times required to capture significant impact. This is shown in studies of ‗sleeping 

beauties‘ in natural sciences (with Mendel‘s genetics as an example, see further van Raan 2004). This 

is also paid attention to in a recent debate in the UK about the Haldane principle that brings light to the 

limits of these evaluations to capture work by old scholars which (today) are proved to be 

                                                           
1 REF 2014: Assessment framework and guidance on submissions, Definition of impact for the REF (p.48) 
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commercially successful, with examples of J.R.R.Tolkien and stories of Narnia by C.S. Lewis (see 

further THE 2015). 

Another avenue of further research relates to the area of material sciences more directly and how 

demonstrator activities can be used to identify user needs in industry – but also more broadly in society 

– reaching user groups that are future potential users of new materials. This motivates a combined 

method of approaches for analysing scientific incentives and practices, scientific output (articles) and 

validating with interviews with scientists in the field analysed as an iterative process. Furthermore, 

to capture impact categories that goes beyond directly measureable impact, such as new ways of 

thinking about design of products with new materials, the centres‘ own accounts of  their impact 

deserves to be told and warrants further combined method analyses. 
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Appendix: 

Journals for publications by research centre, years 2008-2015. Top-10 journals (more than one 

publication identified) accounted for 63 percent of these publications. Later years (2012-14) showing 

highest frequency of publications/year. 
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1. INTRODUCTION  

The university-industry relationship in research and development (R&D) is a long-standing 

collaboration. Recent changes in the characteristics of this relationship, particularly on the growth of 

university patenting and the formal transfer of technology, have attracted considerable attention to the 

academic environment as well as to the public policies structuring (MOWERY et al., 2001; BRESCHI 

et al., 2008; LISSONI et al., 2009; PERKMANN et al., 2013).  

In the American continent, particularly in Latin America, government policies of most countries have 

backed the model "Sábato triangle", which focuses on the Academy-Industry-Government relationship. 

In Brazil, not very differently, reformers recognize gaps and inadequacies of the top-down model of 

science policy, although this gap has contributed in the 80s, for the reformulation of the university 

structures from the bottom-up movement of incubators in municipalities and universities scattered 

throughout the country. From 1990s, there is a significant concern with the application of more dense 

models, such as the Triple Helix (ETZKOWITZ et al., 2005).  

With the clear difficulty of segmenting the branches of education and development, public education 

policies in Brazil are now protected by the Federal Constitution revised in 1988, in which education is 

a "right of all and duty of the State and the family". All its subsequent regulation gives the university a 

role in social and sustainable development, as well as in inserting the country in the international 

scenery, to the point of triggering a significant expansion in the last decade the Brazilian Federal 

University System.  

The understanding of science technology and innovation system of a country requires the use of 

several innovation indicators, among them patent statistics. The filing of patents from universities has 

contributed to trigger several studies in the US and European countries in recent decades (LISSONI, et 

al.; 2008; 2009; THURSBY et al., 2009; LISSONI, 2012; PERKMANN et al., 2013). However the 

main studies related to the Brazilian case have focused on the institutions that hold the applications for 

university patents and lay emphasis predominantly on protection requests made in the domestic 

market(PÓVOA, 2008; AMADEI and TORKOMIAN, 2009; QUERIDO et al., 2011; OLIVEIRA and 

NUNES, 2013).  

The studies presented in Europe related to academic patenting have emerged mainly as a counterpoint 

criticism that European universities contribute little to innovation compared to the US academic 

panorama. From this perspective, and in response to it, the concept of academic patenting was 

expanded, extending data analysis for those who have actually participated in the invention and not 

just focusing on the applicants of patent. Thus the "academic patenting," was distinctly defined by 

Lissoni (2012) as: "any patent signed by at least one academic scientist, while working at his or her 

university".  

That way, the academic patent can be of two types: "University academic Patent" when the university 

figure as an applicant of the patent; and ―academic non-university patent‖, when the university does 

not appear as applicant for the patent, but have an inventor with connection to a university.  
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In Brazil, the academic sector has a significant contribution to technological development, when 

measured by patent indicators. This is because, Silva (2014), found that more than 60% (233) of the 

published patent applications by PCT (Patent Cooperation Treaty) way with Brazilian priority in the 

period 2002 to 2012, contain as inventors teachers that are formally linked to a Higher Education 

Institution (HEI), but do not appear in this designated patent ownership compared to university patents. 

The study demonstrated statistically that the real contribution of the Brazilian academic sector 

accounts for 19.5% of total 3106 patent applications published by the PCT. This is much more than 

previously admitted when analyzing the data under the sole perspective of the applicant. Out of the 

233 (38.5%) academic patents classified as ―academic non-university patent‖, it was found that in 173 

(74%) inventors have professional docent bonds with public higher education institutions and in 60 

(26%) have professional docent bonds with private institutions (SILVA et al., 2014).  

It is important to note that in Brazil the legal system differs when it comes to public and private 

universities. It is also known that the scheme covers different connotations even in the public 

academic environment in the analysis of local, state and federal institutions. These distinctions may be 

answers to regional disparities in the country. This is because the Brazilian universities are young and 

at different stages of maturity, autonomy and financial resources when compared to European and 

American institutions.  

Even though the contribution of the Brazilian academic universities has a significant role in the 

country‘s technological development, research gaps in the university-industry interaction are still 

latent. The same happens to the factors that lead academic inventors to establish institutional 

collaborations, but don‘t make reference to their respective link institutions in formal patent 

applications.  

The gap between science and technology is also presented in other emerging countries, however, 

considering Brazil is the seventh economy in the world, it is true that the Brazilian innovation capacity 

is still unsatisfactory and requires a more efficient innovation system and further integration into 

global innovation networks (CHAN and DAIM, 2012).  

This paper seeks to analyze the situations and institutional collaboration‘s properties of the applicant's 

field of Brazilian academic patents PCT published with Brazilian priority in the period 

2002-2012.Within this universe, it also seeks to identify the propensity of interaction with the 

productive sector comparing ―university patents‖ and ―academic non-university patent‖.  

Section 2 presents the importance of universities in the innovation process. In section 3 academic 

patenting in Brazil will be presented. The method is described in Section 4. Section 5 exposes the 

results and discussions. Section 6 refers to the conclusions and future perspectives.  

2.  DEBATE ON ACADEMIC PATENTS BACKGROUND  

The international literature has already demonstrated analysis regarding the effective participation of 

inventors linked to academic institutions in the commercialization of knowledge. This analysis, 

especially in Europe, happened due to what became known as "European paradox", since the 
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European academic system has a sound scientific basis, but would have many problems in knowledge 

transfer in economically viable technologies (LISSONI et al., 2008).  

The difference of patent records held by European universities in relation to the US, allows a 

preliminary connotation that the European academic system contributes little to patent activities, 

however Lissoni et al. (2008) have concluded that European universities do not contribute less than 

American. In fact, the answer is related to differences in legislation, since a significant part of patents 

that have university inventors in Europe are under ownership of companies, government agencies and 

non-profit organizations, or are registered by the inventor himself, in an independent way.  

To these facts, the author considers that European universities were less likely to require the 

ownership of patents, given the "privilege of the professor", which was common in many European 

countries until the last decade. This privilege gave the industrial property rights over the research‘s 

results, paid for by their own universities, to the academic inventors (LISSONI et al., 2008; 

DAMSGAARD and THURSBY, 2013). This differs from the US in which the Bayh-Dole Act, 

approved in the 80's, allows American universities to have participation rights in Industrial Property 

issues publicly funded.  

In general, while countries like Denmark, Finland, Germany and Norway have made their IPR laws 

more similar to the Bayh-Dole Act, Italy, on the contrary, introduced the professor's privilege in 2001. 

In the case of Sweden, for example, the professor's privilege had a lot of influence until the last decade, 

just like the role of funding agencies in the case of countries such as Italy and France, where these 

agencies impose control over the intellectual property rights of researches that have been financed by 

them (DAMSGAARD and THURSBY, 2013). In Brazil, the main innovation agency, Financiadora de 

Estudos e Projetos (FINEP), allows the parties to decide the questions related to intellectual property 

issues. This decision is regulated by a separated agreement and the parties are required only to inform 

the agency about the outcome of IPR negotiations on the projects it funded.  

Although the participation of HEIs in National Innovation Systems is widely discussed and accepted 

in academic and political context, the participation of inventors is still questioned (DAMSGAARD 

and THURSBY, 2013). In Brazil, it can be said that the situation is more discursive when analyzing 

the participation of inventors linked to public universities, particularly the federal institutions.  

In this sense, when analyzing the contributions from universities, one must check the teaching work 

contract format with the institution, given that also from the Innovation Law 10,973/04 advent, Brazil 

has stimulated development of collaborations between universities and the productive sector, as well 

as the promotion and favoring to form spinoff and startups based on scientific knowledge and 

technological base for the purpose of innovation.  

The Brazilian innovation law had strong inspiration of the US legislation (Bayh-Dole Act), which 

encourages the public-private relationship and guides the process of IP management in universities. 

Brazilian law also decreed the creation of Technology Transfer Office (TTO), called Technological 

Innovation Nucleus (NIT) in the federal universities, which is the body responsible for all policy and 
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appropriability of the institution management.  

Although the NIT has a significant role in the increase in patent requests from Brazilian universities 

(PÓVOA, 2008; OLIVEIRA and VELHO, 2010), the appropriability question is just one of their 

actions. In fact, there are few NIT that effectively perform all the activities required by the Brazilian 

law. This fact can be attributed to the short structure period of NIT, the internal regulations of the HEI 

and the lack of qualified technical personnel. The latter is supplied, palliative, for scholarship students 

and interns (ARBIX and CONSONI, 2011), which reflects that the landscape of regulation and 

operation is still incompatible with the dictates of the Law.  

It is noteworthy, too, the role played by FORTEC, the representative body of managers for managing 

the innovation policy and industrial property activities and technology transfer in universities and 

research institutes. The FORTEC initiative, established in 2006, is an integrated effort done by the 

country's knowledge institutions in the pursuit of a legitimate representative body on IPR issues to 

allow professional training and exchange of experiences on the subject (OLIVEIRA and VELHO, 

2010). From raising awareness to the issue of industrial property in Brazil, FORTEC has become an 

institution similar to international organizations such as AUTM (United States), Réseau Curie (France), 

Praxis-Unico (UK), among others.  

Academic patents have a number of different statistical applications. They are the main indicators of 

Technology Transfer activity and are key indicators of university-industry relationship. This is due to 

the fact that they provide important information both at institutional and individual level. Academic 

patents can also be a useful indicator of business activities, as they often provide the basis for the 

creation of firms.  

However, the analysis of patenting arising from universities have led to a deep discussion of IP issues 

on the academic sector, and not only related to universities, but to all kinds of scientific institutions 

that catalyze and convert scientific progress in technological development. Nevertheless, many studies 

on the Brazilian academic patenting have been restricted to applicants of patents, and are focused on 

the domestic market.  

In this context, it is important to highlight the role of academic institutions for economic growth. 

These are barns of knowledge available within the systemic environments. Even though universities 

are not in the center of the National Innovation Systems model, it is remarkable the major role they 

play in innovation systems, responding to the growing demand from companies in terms of innovation. 

In this respect, it is possible to see a greater involvement of universities in the innovation process.  

By assuming that knowledge is a consensual part in the innovation process in national and regional 

systems and, in turn, recognizing that the university is a catalyst in the knowledge production, one can 

assume, then, that the inventor is a creative agent and conveyor of expertise and technology 

(ETZKOWITZ, et al., 2000).  
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3.  ACADEMIC PATENTS: THE GEOGRAPHY OF ACADEMIC BRAZILIAN INVENTORS’ 

CONTRIBUTION  

The commercialization of knowledge generated by universities as inputs for industrial innovation has 

led to the analysis on ways and potential of the Academy's knowledge transfer to the firm. Literature 

has shown that companies see patents and scientific publications as the main outputs of knowledge 

transfer carried out by universities (BEKKERS e FREITAS, 2008).  

Patent systems seek to encourage the development of inventions, through the granting of a temporary 

right to economic exploitation in exchange for the release of technical information. Patent statistics 

have been used as indicators of inventive activity, innovation and, therefore, technological progress 

(GRILICHES, 1990; OECD, 2005).  

In this context, universities and their faculty have played a major role in the development of new 

technologies. They have also contributed to the dynamics of the industrial sector, both indirectly, by 

widening the scientific basis, and directly, through scientific publications and economically useful 

knowledge with industrial application (LISSONI et al., 2008).  

In Brazil, the need of university-industry interaction to boost economic development and promotion of 

innovations is widely spread. It was from 2004, mainly driven by the promulgation of the Brazilian 

Innovation Law (Law 10,973/04), that several mechanisms to facilitate collaboration in the 

publicprivate relationship were established. With strong inspiration in US law (Bayh-Dole Act), Brazil 

has also created institutional offices inside the universities in order to manage the IP of its faculty.  

While the need for university-industry interaction is a reality in all countries that aim technological 

development, in practice it is far from being a relatively easy action. In Brazil, it can be said that this 

relationship becomes even more complex, since a substantial part of Brazilian science comes from 

public institutions, especially universities. This is configured, then, in a recent system in collaboration 

with the productive sector.  

It is still possible to verify that in Brazil, students of Brazilian graduate programs are prepared to play 

much more academic than business activities. To these facts, it is disclosed that only 0.4% of PhD 

trained in the country are absorbed by the most innovative companies in Brazil (VELHO, 2007; 

DAGNINO, 2007). This scenario certainly puts Brazilian universities as strong potential in the share 

of technological development, particularly measured by patents indicator.  

Europe has presented several studies regarding the effectiveness of academic participation for the 

production of technological knowledge. This is mainly a return to the criticism that European 

universities don‘t do much for the patenting action and, consequently, for innovation, compared to the 

US academic panorama. From this perspective, and as a response to it, the concept of academic 

patenting was expanded, extending data analysis for those who have actually participated in the 

invention and not just focusing on the applicants of patent applications.  

In this paper, we consider academic patenting, as defined by Lissoni et al. (2008), when the patent 

results of an academic research contribution performed by a formally linked professor. So, from now 
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on, it is considered as a university patent all those owned by the HEI and as an academic patent the 

ones comprising the university patents and the patents signed by inventor with academic link 

(LISSONI, 2012). The latter, shall be called ―academic non-university patent‖ (SILVA, et al., 2014).  

In order to analyze the Brazilian scenario, using the concept of academic patenting, Silva (2014), 

found that the contribution of HEI is much more significant than previously admitted.  

This has been possible through the analysis of all PCT patents documents published in the period 

2002-2012, totaling 3106, in which we find that the contribution of Brazilian universities in the 

technological development, measured by patents, corresponds to 19.5%. The documents analyzed, 372 

correspond to "university academic patents" and 233 ―academic non-university patent‖ as shown in 

Figure 1:  

 

Figure 1 Annual evolution of academic PCT patent applications with Brazilian Priority published in 

the period 2002-2012. Source: Adapted from Silva, 2014. 

4.  RESULTS AND DISCUSSION  

4.1 COLLABORATION OF UNIVERSITY PATENTS  

The patents and their inventors‘ data can bring information as collaboration networks for research 

development. Such networks may also represent a greater degree of interaction and knowledge transfer, 

since the actors involved tend to share information between groups for obtaining technical progress 

(LISSONI, et al.; 2013; THURSBY, et al.; 2009).  

Table 1 refers to institutional interaction of patent applications under ownership / co-ownership of the 

universities. In this case, it may be suggested that Brazilian universities work isolated, since 66.7% of 

patents are assigned exclusively to universities. These patents may even have institutional 

collaborations between research groups from other universities, but without interaction among other 

non-academic institutions.  

From the total number of applications for university patents, it is visible that in only 19.4% there is 

real interaction with companies. One may suggest, too, that the inventions originating from 
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universities have low interest to the market. Unless they manage to be transferred or licensed.  

Table 1 Interaction of Brazilian university patents published through PCT, 2002-2012. 
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Total % 

(a) UNIV  8 9 11 9 13 19 33 39 38 22 47 248 66,7 

(b) UNIV- INDUSTRY 0 0 0 4 4 7 6 16 11 11 12 71 19,1 

(c) UNIV-ARD 1 0 5 2 0 1 3 3 2 6 1 24 6,5 

(d) UNIV-ARD- INDUSTRY 0 0 0 0 0 0 0 0 1 0 0 1 0,3 

(e) UNIV-IPP 0 0 0 2 2 1 4 1 0 1 8 19 5,1 

(f) UNIV-ARD-PRI 0 0 0 0 0 0 0 0 0 3 0 3 0,8 

(g) UNIV-ISFL 0 0 1 0 0 0 0 0 0 1 1 3 0,8 

(h) UNIV-ARD-NPI 0 0 0 0 0 1 0 1 0 1 0 3 0,8 

     TOTAL 9 9 17 17 19 29 46 60 52 45 69 372 100,0 

 

Total UNIV+ INDUSTRY * 0 0 0 4 4 7 6 16 12 11 12 72 19,4 

* Sum of (b) + (d).  

It is worth mentioning the work of development agencies in the process of collaboration and financing 

of inventions from universities. According to Table 1, the ARD come up with a total of 31 patent 

applications under their ownership or co-ownership, being the year 2011 especially relevant with 10 

patents applications. These correspond to the Fundação de Amparo à Pesquisa do Estado de São Paulo 

(FAPESP) with five patent applications and the Fundação de Amparo à Pesquisa do Estado de Minas 

Gerais (FAPEMIG) also with five patent applications. However, it is important to say, that the 

identification of partners for the possible technology transfer or licensing is not in the development 

agencies‘ IP policy (MCTI, 2013).  

The structure of most Brazilians NIT is still maintained by personnel without a permanent contract, 

mostly scholarship students and interns (ARBIX and CONSONI, 2011). In this case, there are few 

who actually perform market analysis identifying the countries with the best potential for the 

protection of the invention. Thus possibly the professor is in charge of the distribution possibilities, 

due to his network, culminating in licensing agreements or technology transfer.  

In this scenario, it can be inferred that Brazilian patents granted to universities and development 

agencies are fragile regarding the dissemination of knowledge and consequently transfer of technology 

to the productive sector and society. In this case, as seen in Table 1, patents assigned to universities 

and development agencies account for 73.1% (272) of all university patents.  

4.2 COLLABORATION OF ACADEMIC NON-UNIVERSITY PATENTS  

Currently, empirical researches have shown that the analysis of academic patents solely from the 

applicants‘ point of view do not reflect the actual contribution of universities and their faculty on 

innovation activities. This is justified since a substantial portion of patent applications may be owned 

by another holder (THURSBY et al., 2009; STERZI, 2013).  

In a previous study, it was found that 74% of ―academic non-university patent‖ are granted to 

inventors of public universities (SILVA, et al., 2014). The Table 2 shows that academic non-university 

patents have greater interaction with the productive sector, since 48.9% (INV ACAD + INDUSTRY) 
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of patent applications have collaboration with the firm. However, this falls under the assumptions that 

these patents are coming from faculty consultants or from cases in which the academic has a direct 

participation in the company, for example, spin off. (THURSBY et al., 2009). However, in Brazil, for 

consultancies carried out by Professor tied to federal public universities is necessary to have the 

permission of the university. The Professor is allowed only a number of hours a year to conduct 

consultancies. This and provided in legislation and also depends on the type of contract that the 

teacher is subject.  

Similarly, it is also possible to verify in Table 2, that there is a significant percentage under the 

inventor‘s ownership in an independent way, i.e. without collaboration with other institutions. This 

can occur lack of knowledge of the professor to the procedures and rules for industrial property arising 

from the university. Lissoni (2012) also argues that the higher the status of the scientist, the university 

have less control over their industrial property rights.  

Table 2 interaction academic non-university patent published through PCT, 2002-2012 
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(a) INDUSTRY 5 1 2 6 8 14 8 10 21 17 14 106 45,5 

(b) PRI 1 1 0 1 2 3 0 0 3 4 4 19 8,2 

(c) ARD 5 1 8 1 2 1 0 0 0 0 0 18 7,7 

(d) INDIVIDUAL 4 2 2 5 4 15 4 8 10 7 6 67 28,8 

(e) INDUSTRY-ARD 1 0 0 1 2 0 0 0 0 0 0 4 1,7 

(f) NPI 0 0 1 0 0 0 1 1 3 5 1 12 5,2 

(g) INDUSTRY-NPI 0 0 0 0 0 0 1 0 0 0 2 3 1,3 

(h) ARD- INDUSTRY -NPI 0 0 0 1 0 0 0 0 0 0 0 1 0,4 

(i) ARD-NPI 0 0 0 0 0 0 1 1 0 0 0 2 0,9 

(j) GOV 0 0 0 0 0 0 0 0 0 0 1 1 0,4 

    TOTAL 16 5 13 15 18 33 15 20 37 33 28 233 100,0 

 

INV ACAD + INDUSTRY * 6 1 2 8 10 14 9 10 21 17 16 114 48,9 

* Sum of (a) + (e) + (g) + (h) relative to the total academic inventors in cooperation with companies. 

It is also worth to note that the ―academic non-university patent‖ assigned to development agencies 

have a significant decrease from the year 2007. As shown in Table 2, from the 25 published patent 

applications with the participation of agencies, only 03 have been published after the innovation law. 

This may be a result of increased attention of agencies regarding patent protection coming from 

inventors linked to university. This happens because the Brazilian Innovation Law establishes 

universities have the right to hold on the resulting IP from its faculty‘s research and using the 

University infrastructure.  

4.3 COLLABORATION IN THE CATEGORY OF ACADEMIC PATENTS  

In the last decade, a set of instruments were structured to support scientific and technological 

development in Brazil. Since the restructuring of the Sector Funds, the Industrial Property Law, the 

Law of Innovation and tax incentives, the expansion of federal universities, as well as the strong 

performance of development, federal and state agencies, and the National Institute of Industrial 
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Property (INPI) itself, are key factors to boost Brazilian innovation.  

Given the new concept of academic patents, not only comprising patents under ownership of the 

universities, but also the incorporation of patent signed by an academic inventor (LISSONI, 2012), 

and from the database built for the Brazilian scenario, it was possible to identify, as shown in Figure 1, 

that the Brazilian academic environment relates little to the productive sector, where more than 40%  

(247) of patent applications are under solely ownership of universities, while 11.7% (71) are related 

only to Industry-University (I-U) collaboration. This, considering the total of 605 academic patents 

held for the period 2002-2012, is shown in Figure 2.  

 

Figure 2 Institutional Collaboration of academic patents with Brazilian priority published through PCT, 

2002-2012.  

Yet, it is also notorious the significant percentage of patents under ownership of academic inventors in 

an individual way (11.1%), establishing a gap of causes that lead the inventors not to link their 

academic institutions in patent applications.  

In this context, some hypotheses have been raised, from the absence or poor operability of the NIT at 

the University; the patent comes from actions and researches that are older than the researcher‘s bond 

with the University; the researcher's relationship with the University; faculty/researchers lack 

knowledge about the domestic policy and Industrial Property legislation; or patenting was purposely 

conducted without the knowledge of its bond institution.  

Another interesting point brought by the figure is the collaboration and the important role of 

development agencies in promoting Brazilian technological development. In this category are public 

institutions for research support at both the federal and state levels. In IP issues, for example, the main 

innovation agency, Financiadora de Estudos e Projetos (FINEP), allows the universities to decide 

about the issues related to intellectual property rights, requiring only the information about the 
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negotiations on the projects it funded, while the CNPq demanded the maximum percentage of 3% for 

the economic gains of the research also financed by it (RN034/ 2008). This last measure was only 

repealed in September 2014, when the CNPq shall no longer require economic participation. The 

partners are able to define the ownership in patent applications over the intellectual creation that 

resulted from projects or scholarships financed by the agency. However, at the state level, it is up to 

each development agency, represented mostly by the Research Support Foundations, the definition of 

economic and financial gains policies in appropriability issues.  

The university-industry-government collaboration widely debated in the Triple Helix model certainly 

establishes the importance of synergy in order to promote the disruption of Brazilian universities‘ 

institutional walls and reach maturity in the process of technological development. However, even 

though the fact the investment in the academic environment has already occurred for several decades, 

the transfer of technology still lacks expansion (ETZKOWITZ, 2012).  

5.  CONCLUSION  

This paper brings the potential to collect data for use in the scientific and political/strategic 

environment regarding the patents indicators, broadening the concept of academic patenting and 

introducing relevant quantitative data to the decision-making process of the universities‘ institutional 

policies.  

It shows that the Brazilian academic collaboration is still limited when related to the productive sector, 

in this case, companies, since this relation occurs in only 11.7% of the academic patents requests 

published by way of PCT in the period 2002 to 2012.  

It is worth noting that the analysis found ―academic non-university patent‖ are more likely to interact 

with the productive sector and other institutions, in relation to university patents. It was also observed 

that 45.5% of non-university patents are assigned exclusively to companies. From the data, this may 

imply that the much dreamed university-industry collaboration occurs when the university does not 

figure as applicant of the patent application.  

The methodology developed here is not yet used on an ongoing basis by the Higher Education 

Institutions (HEIs) in Brazil. This is due the fact it lacks a database that enables the cross-checking of 

teachers with patent bases provided by national and international offices.  

As a perspective, it is considered that the methodology here proposed and the academic patents case 

study will make it possible to increase the management efficiency of inventions production activities 

in which the university is involved and might boost the effective analysis of technology transfer 

coming from the academic environment to the productive sector and consequently to society.  

However, it is necessary to go deeper in the understanding of knowledge transfer and licensing of 

academic patents. It is also essential to understand the causes that lead academic inventors not to link 

the universities in patent applications.  
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Abstract:This study is conducted to investigate the relationships between antecedents (knowledge 

attributes, organizational attributes, network attributes) and consequent of university to industry 

knowledge transfer and the role of uncertainties as moderating variable that might affect the 

relationship between university to industry knowledge transfer and the alliance performance based on 

transaction cost economics, resource-based theory, and knowledge-based theory. The questionnaires 

are sent to 500 CEOs of the firms in Indonesia. Sixty two of useable questionnaires are returned 

yielding response rate 12,40%. Through multiple regression analysis and moderated regression 

analysis, three hypotheses are not supported include: the ambiguity of knowledge negatively affect the 

transfer of knowledge; structural dimensions and relational dimension positively affect the transfer of 

knowledge. This may be explained due to Indonesia culture that more emphasis on the principles of 

closeness, trust, and mutual openness between the alliance partners to develop and build an alliance 

or cooperation between organizations. This resulted in the ambiguity of knowledge that occurs due to 

the complexity of knowledge, partner protectiveness, cultural and organizational distance, and asset 

specificity that might inhibit the process of knowledge transfer. Four hypotheses are supported, 

include: organizational age negatively affect the transfer of knowledge; decentralization, 

organizational size, and absorptive capacity are positively affect the transfer of knowledge. Based on 

Moderated Regression Analysis the criteria, it can be concluded that the organizational uncertainty is 

quase moderator. The study is expected to contribute the strategic management literature to fill the 

gap in the study of university to industry knowledge transfer within university and industry alliance. 

This study is also expected to support the development of "research partnership" between academics 

and practitioners as platform to solve the problems in industry. There are some limitations in this study 

that should be considerate for future research, include:  First, the sample of study consist of several 

industries that industry composition in the sample may indicate the presence of variability of 

performance between the industries so that control over the effect of industry need to be done, however 

in this study the effects of the industry has not done. Second, the alliance performance measurement was 

measured by the level of institutionalization still using perceptual knowledge transfer methods that can 

lead to bias in the measurement. Third, this study used data mostly obtained through mail surveys that 

can lead to biases that cause analysis results are not good. 

Keywords: knowledge attribute, organizational attributes, network attributes, uncertainty, knowledge 

transfer. 
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1. Introduction 

The issues concern on university to industry knowledge transfer have increased the last few years, but 

the positive impact and benefit for both involved parties in the alliance is still being a debate that should 

be considered in the decision-making related to alliance decision (Glaister & Buckley, 1996). The 

debate is triggered by the fact that the alliance is often not achieved the set goals, not even a little 

alliance formed a failure. This condition raises a dilemma for the organization to participate in alliance 

as the organization wants to benefit from the alliance involvement, on the other hand the organization 

has concerns that the alliance does not deliver the results as expected (Lin & Chen, 2002). This 

phenomenon provides a challenge for researchers to be able to investigate the determinants of university 

to industry knowledge transfer within university and industry alliance. 

Eventhough it has been many theoretical and empirical literature that discuss university to industry 

knowledge transfer within industry alliance with universities, research centers, and public research 

organizations (Mowery and Rosenberg, 1989; Ham and Mowery, 1998; Rogers et al., 1998), in fact, 

there is still very few studies thet conducted based on comprehensive data to explain the transfer of 

knowledge from university to industry  through university and industry alliances, especially in 

Indonesia. Those circumstance lead to the needs of government special attention to the issue of 

university to industry knowledge transfer within university and industry alliances through the 

establishment of policies that facilitate and regulate cooperation between the two parties. 

Anatan (2014a, 2014b) discussed that the starting points of the Indonesian Government policies in 

supporting university to industry knowledge transfer activities within university and industry alliances is 

the determination of government regulation by Law 18/2002. This regulation became the basis of 

knowledge and technology application and development strategy in Indonesia through the national 

system of science and technology. The most important targets to be achieved are to strengthen linkages 

of research, to develop and to apply science and technology, and to increase knowledge transfer 

activities through research partnerships.  

Another policies to support university to industry knowledge transfer within university and industry 

alliances outlined in the Buku Putih Penelitian (White Paper Research) in 2006 that discusses the 

development and application of science and technology during the years 2005-2025. Media Indonesia, 

May 4th, 2013 in Humasristek news columns mention that the Government needs to develop a policy 

that focuses on building and strengthening self-reliance through the mastery of science and technology, 

especially in the areas of food security, new energy, transport, information and communication, defense 

and security, health and medicine. 

To manage the higher education autonomy to be more productive in research and social development, 

the Indonesian Goverment established the Higher Education Act (Law on Higher Education) No. 12 of 

2012 to confirm that university in Indonesia has an autonomy to manage both academic and 

non-academic activities to produce good research quality and to reduce commercialization in education. 
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This policy was developed to support knowledge transfer activities within university and industry 

alliances as ownership is supported autonomy, it is expected that the university and industry alliance 

will give positive impact on both university and industry. For university, it is expected to improve the 

quality of research that focus on promoting research with the orientation of patents that applied in the 

industry world. And for industry, it is exoected to improve its performance and competitive advantage. 

Eventhough government policies have been established to support the transfer of knowledge from 

university to industry, several obstacles such characteristics and technological knowledge, technical 

skills required, differences in mission and cultural are the main challenges that must be managed to 

drown out conflict of interest in the alliances. Therefore, a systematic understanding in managing 

intellectual property through knowledge transfer activities within university and industry alliances must 

be improved, particularly in Indonesia which is still very low. Identifyingdeterminants of university to 

industry knowledge transfer within university and industry alliance is needed to improve the 

effectiveness of knowledge transfer from university to industry so that the interests of cooperation can 

be improved. 

A literature review by Anatan (2013a) classifies the influence of knowledge transfer on performance 

(Tsai, 2001; Pedersen, 2003; Kotakobe, 2003; Szulanski, Capetta, & Jensen, 2004; Dhanaraj, Lyles, 

Steensma , & Tihanyi, 2004; Echols & Tsai, 2005; Smith, Collins, & Clark, 2005; Kabanoff & Brown, 

2008), competitive advantage (Liao & Hu, 2007), the development of new products (Smith et al., 

2005), innovation (Tsai, 2001; Ramasamy, Goh, & Yeung, 2006; Rothaermel & Hess, 2007; 

Weterings & Koster, 2007; Kang, 2009), technological capabilities (Renko et al., 2001; Baba, Shichijo, 

& Sedita 2009 ), and quality improvement (Levin, 2000). Most research on university to industry 

knowledge transfer also concerns on testing the role of mediating and moderating variables focus on 

the influence of the learning capacity that mediate the relationship between knowledge transfer and 

performance (Levin, 2000; Simonin, 2004; Smith et al., 2005); the effect of moderating variables 

collaborative know-how, learning capacity, duration of alliance enter the moderate the relationship 

between knowledge ambiguity and knowledge transfer (Simonin, 1999) and the uncertainty and causal 

ambiguity that moderate the relationship between knowledge transfer and performance (Daghfous, 

2007; Tsai, 2001; Szulanski, 2004); and antecedents variable of knowledge ambiguity (Simonin, 1999) 

and human resources (Minbaeva et al., 2003). 

In Indonesia, the availability of conceptual and empirical literature on knowledge transfer from 

university to industry within university and industry is still very few and limited. Many empirical 

studies conducted in developed countries, thus resulting gaps in the study of the transfer of knowledge 

through university and industry alliances in many developing countries, especially in Indonesia. This 

study was conducted to fill the gaps in the development of conceptual and empirical literature on 

knowledge transfer from university to industry within university and industry alliance in 

Indonesia.This circumstances has motivated researcher to test an integrated proposed model of 

antecedent, moderating, and the dependent variables to identify the determinants factors that influence 
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the success of knowledge transfer from university to industry. This study was conducted to develop an 

integrative model proposed transfer of knowledge to identify the determinants of knowledge transfer 

and its impact on performance based on Transaction Cost Economy (TCE), Resource-based View 

(RBV), and Knowledge-based View (KBV) to explain the relationship between variables.  

Antecedents of knowledge transfer into three categories: knowledge attributes, organizational 

attributes, and network attributes (Lyles & Salk, 1996; Szulanski, 1996). The consequences of 

knowledge transfer is measured by the level of institutionalization of knowledge transfer activity 

(Santoro & Gopalakrishnan, 2000). The uncertainty includes technical and organizational uncertainty 

as a moderating variable between the transfer of knowledge and the level of institutionalization of 

knowledge transfer. 

The urgency and authenticity of this study can be explained by some differences in this study with 

previous studies, include: First, this study examine the integrated model of antecedents variables, 

moderating variables, and dependent variable, and not fragmented as previous studies. Second, most 

studies of knowledge transfer in strategic alliances are still ignoring the role of environmental 

uncertainty in describing the transfer of knowledge on the performance of the alliance, in this study 

variable environmental uncertainty is proposed as a moderating variable that may explain the 

inconsistent result of the relationship between knowledge transfer and organizational performance. 

Third, network attributes in this study include the structural dimension, relational dimension, and 

cognitive dimensions. Previous studies focusing more on the relational dimension, particularly the 

trust factor. The existence of a significant gap in terms of culture and mission between both parties 

would be the possibility of the main reasons the trust factor is an important issue in the formation of 

alliances between universities and industry (Anatan, 2014a; b). 

Empirical research on the university to industry knowledge transfer is still rarely done in Indonesia 

because of lack communication between universities and industry, mission and culture differences 

between universities and industry. In addition, the conceptual and empirical literature related to the 

issue of university to industry knowledge transfer in Indonesia is very limited resulting in significant 

research gaps compared to other countries. These constraints provide value-added to the results of the 

study on university to industry knowledge transfer in Indonesia. 

Several research questions in this study include: 1) Does the antecedent factors (knowledge attributes, 

organizational attributes, and network attributes) has significant influence on knowledge transfer 

within universities and industry alliances? 2) Does the transfer of knowledge has significant influence 

on the institutionalization of knowledge transfer. 3) Does the environmental uncertainty (uncertainty 

and organizational techniques) moderate the relationship between the knowledge transfer and 

institutionalization of knowledge transfer? 

2. Hypothesis Development 

2.1Knowledge Attributes  
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In this study, knowledge attributes is measured by knowledge ambiguity as the most important predictor 

of organizational knowledge (Levin and Cross, 2004; Simonin, 1999; Szulanski et al., 2004). 

Knowledge ambiguity refers to the condition inhibits the transfer of knowledge that provides protection 

and lead to the difficult imitation by competitors and impede the transfer of knowledge intra and 

inter-organizational (Coff et al., 2006). Based on TCE perspective, knowledge ambiguity has a negative 

impact in strategic alliances decision making, because the strategic alliance decision is made when a 

perceived low costs incurred. In this study, knowledge ambiguity adopted Simonin (1999) which 

includes tacitness, asset specificity, complexity, experience, partner protectiveness, cultural distance, 

and organizational distance. The overall results of empirical studies indicate that a high level of 

knowledge ambiguity, not only become "imitation barrier" for competitor, but also inhibiting the 

activity of knowledge transfer in university and industry alliance (Anatan 2014a). Therefore the 

following hypothesis is developed:  

Hypothesis 1: Ambiguity knowledge negatively affect the knowledge transfer 

3. Organizational Attributes 

Organizational size, organizational age, decentralization, and absorptive capacity are used to measure 

organizational attributes in previous research (Van Wijk et al., 2008). 

Organization Size 

Serenko et al. (2007) defines organization size as the amount of labor. Many empirical studies indicate 

that the effect of organizational size on knowledge transfer is positive (Dhanaraj et al., 2004; Gupta & 

Govindarajan, 2000), negative (Makino & Delios, 1996; Connely & Kollowey, 2003), and has no effect 

(Tsang, 2002), so that it is concluded the effect of firm size on the transfer of knowledge is inconclusive. 

Majority of studies assessing the effect of organizational size on knowledge transfer has a positive 

effect (Gupta and Govindarajan, 2000) due to large companies and subsidiaries that engage in strategic 

alliances may have more resources to high-quality resources are the intellectual capital of the 

organization to support the knowledge creation process in improving their ability to offer 

non-duplicative knowledge (Anatan, 2013a).  

On the other hand, Connely and Kollowey (2003) conducted a study that result in a negative relationship 

between organization size and knowledge transfer resulting from a change in social interaction. This 

result can be explain by the fact that labor in small organizations is more flexible than in large 

organizations, in terms of cultural adjustment, so that the greater the size of the organization will be the 

more difficult process of knowledge transfer. In explaining the role of organization size, RBV indicated 

that alliance will occur in conditions of resource interdependence between alliance partners, both 

tangible and intangible resources, such as knowledge and skills. The larger the organizations the more 

resources they have that will benefit the knowledge transfer activities (Anatan, 2014a). Therefore in this 

study, hypothesis is developed as follow:  

Hypothesis 2a: Organizational size positively affect the knowledge transfer 
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Organizational Age 

The organizational capability to learn and to adapt environmental changes is determined by the 

organizational age or the length of its operation in business environment. The older organization is 

considered to have limited ability to learn and adapt to changing circumstances change (Cyert & March, 

1963), while younger organizations have the advantage of learning more than the older organization 

(Frost et al., 2002). Some of the empirical studies result show that organizational age has no effect on the 

transfer of knowledge (Powell et al. , 1996; Gray & Meister, 2004; Yli-Renko et al., 2001).  

According to KBV, the essence of an organization is the ability to create, to transfer, to integrate, and to 

exploit knowledge assets. Study conducted by March (1963) in Van Wijk et al. (2008) stated that the 

older the organization will lead to more sluggish and have limited ability to learn and to adapt to the 

changing environment, and the results of an empirical study of Frost et al. (2002) shows the negative 

influence of the organization age on knowledge transfer.  Based on the study condusted by Cyert and 

March (1963) and Frost et al., (2002), this study is developed the following hypothesis:  

Hypothesis 2b: Organization age negatively affect knowledge transfer 

Decentralization  

Decentralized organization synonymous with the granting of autonomy to each unit in the organization 

for the development and creation of knowledge within the business unit. Gupta & Govindarajan (1991) 

condusted a study that result in the higher level of autonomy will be positively related to the creation and 

development of knowledge. This conclusion explained by the result that headquarters tend to reject the 

proposal submitted by the business unit because of the centralized organizational structure, while 

decentralized organization will tend to be more adaptive, innovative, and able to adapt to complex 

business environment than organizations with a centralized structure thet lead to minimalization of the 

total cost in the process of knowledge transfer. The underlying theory of decentralized decision is that 

the value increased by minimizing the total cost and the cost of knowledge transfer and knowledge 

transfer control in accordance with, similar to the essence of TCE that emphasizes the minimization of 

costs (Anatan, 2013a; 2014a). This study developed the following hypothesis:  

Hypothesis 2c: Decentralization positively affect the knowledge transfer 

Absorptive Capacity 

Absorptive capacity refers to the organization's ability to recognize, assimilate and apply new external 

knowledge (Cohen & Levinthal, 1990). According to KBV, it plays an important role in on 

inter-organizational knowledge transfer process that determined by the similarity between the basic 

knowledge possessed by alliance partners. While similarities in specific knowledge has a negative 

correlation with organizational learning (Lane & Lubatkin, 1998). Study conducted by Szulanski (1996) 

and Mowery et al. (1996) provide empirical evidence that absorptive capacity facilitates 

inter-organizational knowledge transfer. While study conducted by Gupta and Govindarajan (2000) and 

Lane et al (2001) has real contribution in transferring knowledge across units within the company. 

Therefore, it is generally concluded that absorptive capacity has an important role in increasing 
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knowledge transfer both intra-organizational and inter-organizational (Anatan, 2014a). This study 

developed the following hypothesis:  

Hypothesis 2d: Absorptive capacity positively affect the knowledge transfer 

4. Network Attributes 

Van Wijk et al. (2008) explain that network attributes are the antecedents of knowledge transfer that 

involved the operation attribute at dyad levels and related to social resources inherent in a relationship 

that includes social linkages, trust in a partnership relationship, and value systems (Anatan, 2013a). 

Based on KBV, knowledge as social capital, especially tacit knowledge is the most valuable factor in the 

organization because it is difficult to transfer, thus providing a sustainable competitive advantage. 

Although tacit knowledge is difficult to transfer between organizational boundaries, empirical studies 

prove that social capital is an important facilitator of knowledge transfer (Yli- Renko et al., 2001 in 

Anatan, 2014a;b). 

Structural Dimension 

Structural dimension includes relationships pattern between the actors from the perspective of social 

interaction and network engagement (Nahapiet & Ghoshal, 1998). Social interaction refers to how 

organizations maintain close personal relationships with alliance partners. Network engagement 

associated with a specific way related to each other in the network that facilitate the process of 

knowledge transfer and acquisition in alliance. This process is highly dependent on the level of 

closeness and engagement between alliance partners (Krackhardt, 1992). Previous study study proved 

that the strong engagement that lead to the increased intensity of relationships in the network is an 

effective tool in the process of knowledge transfer within and between organizations involved in a 

strategic alliances and enhanced the levels of knowledge transfer within alliance (Hansen, 1999). 

Therefore the hypothesis is developed as follows:  

Hypothesis 3a: Structural dimensions positively affect on knowledge transfer 

Relational Dimension  

Relational dimension refers to Inkpen and Tsang (2005) in Anatan (2014a;b) which focuses on trust that 

describes the relationship itself and the nature of the assets that are rooted in it. Trust can be described 

as the belief that the word and promise of alliance partners are reliable and the alliance partners will 

fulfill their obligations in a partnership. Previous studies found trust between the partners has a positive 

influence on knowledge transfer, as the increase in the willingness and commitment of organizations 

partner to understand the new external knowledge (Lane et al., 2001). The study conducted by Cavusgil 

et al., (2003) proved that the strength of alliance relationship is indicated by the level of trust, 

commitment, and high-quality and intense communications that ultimately have positive impact on the 

process of knowledge transfer. Some studies indicate that a high level of confidence that can also inhibit 

the transfer of new external knowledge as a collective blindness (Lane et al., 2001; Yli-Renko et al., 

2001), However, in general relational dimension is associated with an increase in the transfer of 
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knowledge (Van Wijk, et al., 2008). The ability to obtain information and useful knowledge from 

alliance partners is proportional to trust in the alliance, therefore the hypothesis is developed as follows:  

Hypothesis 3b: Relational dimensions positively affect knowledge transfer 

Cognitive Dimension  

Cognitive dimension in this study include shared goals and shared cultures which refers to Inkpen and 

Tsang (2005) Shared goal is the degree to which organizational members share a common 

understanding and approach to the achievement of the task and the outcome depends on the type of 

network, tasks, and outcomes that may vary. Inkpen and Tsang (2005) refers to the concept of shared 

visions that focus on efforts to achieve collective goals and aspirations of the members of the 

inter-organizational networks. When there are shared visions, members have the same perception of 

how they should interact with each other (Anatan, 2014a,b). Shared visions is help to integrate the 

knowledge to the alliance partners in the alliance, therefore the hypothesis is developed as follows:  

Hypothesis 3c: Cognitive dimension positively affect knowledge transfer. 

5. Knowledge Transfer and The Institutionalization of Knowledge Transfer 

The differences results of studies in explaining the effects of homogeneity in relationship between 

knowledge transfer and the institutionalization of knowledge transfer indicate that there are other 

variables that may influence such as moderating variable (Hedges and Olkin, 1985; Hunter and Schmidt, 

2004). Based on RBV theory, business strategy manager is seen as an attempt to find the best 

compromise between orgaization with a dynamic environment and uncertain, with emphasis on factors 

internal to the organization. The moderating variables in this study adopted Daghfous (2007), which 

examines the role of uncertainty as the moderating variable in explaining the relationship between 

knowledge transfer and its consequence.  

Daghfous (2004) conceptualized uncertainty as lack of knowledge about technology and its impact on 

the organization. The uncertainty include technical uncertainty and organizational uncertainty in the 

strategic alliance (Westphal et al., 2006; Goerzen, 2007). Song & Montoya-Weis (2001) found that 

technological uncertainty has a moderating influence as a significant variable in explaining the 

relationship between knowledge transfer and new product development projects in universities and 

industry alliances. Waldman et al. (2001) found that environmental uncertainty moderates the 

relationship between leadership characteristics and performance of the organization in the process of 

knowledge transfer through university and industry alliances. Based on the findings in this study 

hypothesized that: 

Hyphotesis 4: The relationship between knowledge transfer and the level of institutionalization of 

knowledge transfer activities is moderated by the level of uncertainty. 

Hyphotesis 4a: The relationship between the level of institutionalization of knowledge transfer and 

knowledge transfer activity will be stronger when there is low level of organizational uncertainty. 

Hyphotesis 4a: The relationship between the level of institutionalization of knowledge transfer and 
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knowledge transfer activity will be stronger when there is low level of organizational uncertainty. 

6. Research Methodology 

Sample of the Study  

The population of the study included all manufacturing and service companies operating in Indonesia. 

The study used a survey method to manufacturing and service companies who have committed 

cooperation or alliances with universities in Indonesia. Sample of the study was carried out through 

non-probability method, purposive sampling. 

Technique of Data Collection 

This study uses the cross-sectional data, sampling technique was performed using the technique of 

self-administered mail survey addressed to the CEO who is responsible for the cooperation project 

university-industry alliances. Distribution of the questionnaire carried out for three months. To improve 

the response, the researcher is following the suggestions put forward by Isaac and Michael (1990) by 

using the free system and subsequent mailing to the respondent.  

Operationalization of Research Variables  

All of the variable measurement used multiple-item scales with consideration of this scale has the 

advantage of ease of testing the reliability and minimize the effects of errors in the analysis of statistical 

variance (Loo, 2002).  

Knowledge Attributes, measured by the ambiguity of knowledge which refers to the uncertainty inherent 

and can not be reduced to conform to the components and underlying resources of knowledge and how 

these components interact (Birkinshaw et al., 2002; Simonin, 1999). The measurement adopted from 

Simonin (1999) which includes 13 items measured using questions 1-7 Likert scale, scale 1 = strongly 

disagree, 7 = strongly agree. 

Organizational Attributes, include size, age, decentralization and absorbtive capacity (Van Wijk et al., 

2008). Size refers to the classification based on the amount of labor that divides the organization into 

seven size categories which includes: a. 0-100 labor, b. 101-250 labor, c. 251-500 labor, d. 501 - 1000 

workers, e. 1000 - 2500 labor force, f. 2501-3000 labor, g. > 3000 workers (Ramasamy et al., 2006). Age 

represents and measured based on the length of time the company operates that categories as: a) 0-5 

years, b) 6-10 years, c) 11-15 years, d) 16-20 years, e) 21-25 years, f) 26-30 years , g)> 30 years. 

Decentralization adopted from the study conducted by Tsai (2002) consists of three questions measured 

by Likert scale 1-7, scale 1 = strongly disagree, 7 = strongly agree scale. Absorptive capacity refers to an 

organization's ability to recognize, assimilate and apply new external knowledge (Cohen & Levinthal, 

1990). Instruments adopted from Minbaeva et al. (2003) which refers to the conceptualization of Cohen 

and Levinthal (1990), consists of five questions about the ability of labor and 3 questions related to 

overall work motivation. The fifth statement is measured with a Likert scale 1-7, 1 = very much below 

average, 7 = very much above average. While the three questions measured using a 1-7 Likert Scale, 

Scale 1 = strongly disagree, 7 = strongly agree scale. 
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Network Attributes, includes three main dimensions of social capital: structural dimensions, relational, 

and cognitive (Inkpen & Tsang, 2005; Nahapiet & Ghoshal, 1998 in Anatan 2014c). Structural 

dimension, refers to the relationship between actors in the network adopted from Nahapiet and Ghoshal 

(1998) and Tsai and Ghoshal (1998), consists of four questions by  Likert scale 1-7, 1 = strongly 

disagree, 7 = strongly agree scale. Relational dimension, focuses on the belief that refers to the belief 

that the word and the promise of reliable alliance partners and that the alliance partners will fulfill their 

obligations in a partnership (Inkpen and Tsang, 2005). Trust instrument consists of three questions were 

measured by 1-7 Likert Scale, Scale 1 = strongly disagree, 7 = strongly agree scale. Cognitive dimension 

include shared goals and shared cultures (Inkpen and Tsang, 2005). The shared goal is the degree to 

which organizational members share a common understanding and approach to the achievement of the 

task and the outcome depends on the type of network, tasks, and outcomes may vary. Shared cultures 

associated with the corporate culture that is shared and understood by the alliance partners. The 

instruments adopted from Tsai and Goshal (1998) consists of four questions measured by 1-7 Likert 

Scale, Scale 1 = strongly disagree, 7 = strongly agree 

Knowledge Transfer, defined as a process in which the unit (group, department, or division) is affected 

by the experience of the group, department, or other division (Liao & Hu, 2007). The instrument 

adopted Simonin (1999) which consists of three question measured by 1-7 Likert Scale, Scale 1 = 

strongly disagree and 7 = strongly agree scale. 

Institutionalization of Knowledge Transfer, refers to level of institusionalization of knowledge transfer 

activities, adopted from Santoro & Gopalakrishnan (2000), consists of eight items measured by 1-7 

Likert scale, Scale 1 indicates very low, Scale 7 shows very high. 

Uncertainty, refers to the lack of knowledge about technology and organizational factors. This study 

adopted Daghfous (2004) measurement which consists of five statements measured by Likert scale 1-7, 

1 indicates very low s, 7 indicates very high. 

7. Data Analysis and Discussion 

Respondent Profile 

A total of 500 questionnaires sent to manufacturing and service companies that have relationship with 

the university. Questionnaires were sent to the CEO of the company. Seven respondents are not 

willing to participate, 5 questionnaires filled incompletely and could not be used in the analysis. The 

total of questionnaires returned and can be used in subsequent analyzes isf 62 questionnaires yielding  

a response rate of 12.4%. 

The results of data analysis showed that the respondents profile based on specific types of university 

and industry alliance are research universities and consortia (29%), research grants and donations for 

research and development (22.6%), research cooperation project between partners (17.7%) , contract 

research (9.7%), cooperative education programs (12.9%), informal forums and workshops (1.6%), 

individual consultation with a particular researcher or professor (4.8%), and collaboration through 
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brockers associations (1.6%).  

Based on the responsibility, 100% of respondents stated that they have a job related to the university 

and industry alliances. Based on the position in the company, 67.7% of respondents said the work 

related to the president, owner, CEO, director, vice president, general manager, and 32.3% said the 

working group's head of operations, director of operations, deputy vice president of plant operations 

manager operations manager, and head of the department. 

Based on the industrial sector showed most of the companies involved in this study is a 

government-owned enterprises (53.2%), private companies (32.3%), joint venture (11.3%), others 

(3.2%). Based on the business,  most of the companies involved in this study engaged in agriculture, 

forestry, and fisheries, communication services (27.4), finance and insurance (25.8), electricity, gas 

and water supply (12.9%), others (3.2%), transport and storage (30.6%). 

Based on the motivation of involvement in the alliance, the results showed the motivation involved in 

university and industry alliances include: gain access to financial support from the alliance partners 

(3.2%), the support of technology and knowledge from alliance partners (19.4%), gain tacit knowledge 

and technological know -how from alliance partners (30.6%), use of facilities and resources provided 

by alliance partners (40.3%), publications and patent acquisition (6.5%). Based on the presence or 

absence of an agreement between the alliance partners, 88.7% of respondents answered had an 

agreement, and the remaining amount of 11.3% did not have a special agreement. 

The results of the data analysis associated with the intensity of communication in universities and 

industry alliance showed as much as 32.3% of respondents stated that the activities carried out 

in-house training course within a period of> 2-3 months, 32.3% of respondents within a period of 2-3 

months, 21% of respondents in the period every month, and 14.5% of respondents in each weekly 

period. 46.8% of respondents stated that the training organized by the partners made within> 2-3 

months, 14.5% of respondents answered over a period of 2-3 months, 24.2% answered within each 

month, and 14.5% answered within each weekly .  

Training activities organized by other institutions are mostly done within 2-3 months (46.8%),> 2-3 

months (21%), every month (22.6%), every week (8.1%). Student internship conducted during daily 

(12.9%), weekly (19.4%), monthly (29%), 2-3 months (12.9%), and> 2-3 months (25.8%). Activities 

visit and explore alliance partner sites conducted during daily (8.1%), weekly (6.5%), each monthly 

(16.1%), 2-3 monthly (1.6%),> 2-3 monthly (67.7%). Development of cooperation between the 

research department of the alliance partners conducted during weekly (3.2%), each monthly (14.5%), 

every 2-3 months (12.9%),> 2-3months (69.4%). Involvement in curriculum development to meet the 

needs of the industry conducted within each month (9.7%), every 2-3 monthly (22.6%), and more than 

2-3 monthly (69.3%). 

Validity and Reliability Test Results 

Based on the results of validity testing using factor analysis, there are several items of questions that 

must be removed and can not be used in subsequent analyzes. Some items of questions derived from 
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the antecedent variables (knowledge attribute) consists of knowledge 1 (factor loading value of -.263), 

cultural 2 with a factor loading value (0.139), motivation 2 clustered on decentralization question 

items (factor loading value 0898), and decentralization questions 1 and 2 are clustered on the item 

with the size question loading factor values (0.596 and 0698). Item 3 technical uncertainties question 

the value of the loading factor 0888 is also excluded from the analysis because clustered in question 

item organizational uncertainty. From the results of reliability testing indicated by the value of 

Cronbach's Alpha values obtained Cronbach's Alpha for knowledge attribute (0.658), organizational 

attributes (0.814), the attributes of the network (0.652), the transfer of knowledge (0.962), moderating 

variable uncertainty (0.707), and institutionalization of knowledge transfer (0.873). 

Statistic Descriptive 

Based on descriptive statistical analysis showed the average of the highest respondents is the notion that 

independent, alliance partners have a high level of expertise in the appeal of technology / process of the 

company, with a mean of 5.66 (standard deviation 0571). Low answer shown in the organizational 

culture and leadership style is very similar to the alliance partners of the company, with an average value 

of 3.61 (standard deviation 0817).  

Based on the test results of descriptive statistical analysis for organizional attributes, it showed the 

average of the highest respondents is the opinion that labor in the alliance partners have behavior that is 

so help improve the performance of companies with a mean of 6.16 (standard deviation 0.451). Answer 

lows shown in the statement related to decentralization is that the partner organization, the central office 

has the largest power remedy decide whether to collaborate or not with other units within the 

organization, with an average value of 3.61 (standard deviation 0.817). 

The descriptive statistical analysis for network attributes showed the average of the highest 

respondents is the statement that the alliance partners personally know the company with a mean of 

6.03 (standard deviation 0.625).  Low answer shown in the statement that the in decision-making 

process, organization must understand the culture alliance partner , with an average value of 4.48 

(standard deviation .0936). 

The descriptive statistical analysis result for uncertainty showed the highest average related to the 

statement that the benefits of cooperation associated with a clear idea about the impact of technology 

and new knowledge to the development of individual skills within organization, with a mean of 4.95 

(standard deviation 0664). Low answer shown in the statement that the benefits of cooperation related 

to the development of a clear idea about the impact of technology and new knowledge on the 

organizational function with an average value of 4.65 (standard deviation of 1,472). 

The average (mean and standard deviations) for knowledge trasfer showed the highest average of 

respondents answer is the statement that cultural conflict is not a significant constraint in the process 

of knowledge transfer from alliance partners with a mean of 4.94 (standard deviation of 1,377). The 

low answer shown in the statement that the company has reduced its dependence on technology with 

other organizations since the start of the alliance, with an average value of 4.65 (standard deviation of 
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1,472). 

The descriptive statistical analysis showed the highest average of respondents answer about 

uncertainty is the statement that the benefits of cooperation associated with a clear idea about the 

impact of technology tdan new knowledge to the development of individual skills within your 

company with a mean of 4.95 (standard deviation 0664). Answer lows shown in the statement that the 

benefits of cooperation related to the development of a clear idea about the impact of technology and 

new knowledge on the functions of your other company with an average value of 4.65 (standard 

deviation of 1,472). 

The descriptive statistical analysis ) for the level of institutionalization of knowledge transfer showed 

the average of the highest respondents is the statement that the number of students recruited by the 

alliance partners based on formal cooperation with your alliance partners with a mean of 4.65 

(standard deviation 0.925). The low answer  shown in the statement that the level of your company's 

participation in the writing of research publications by researchers in the industry with an average 

value of 4:02 (standard deviation 0.839). 

Hypothesis Testing for Antecedents Variable 

To test the hypothesis test 1 (knowledge ambiguity negatively affect the transfer of knowledge), the 

hypothesis 2a (organizational size positively affect the transfer of knowledge), hypothesis 2b 

(organizational age negatively affect the transfer of knowledge), the hypothesis 2c (decentralization 

positively affect the transfer of knowledge r), hypothesis 2d (absorptive capacity positively affect the 

transfer of knowledge), hypothesis 3a (structural dimensions positively affect the transfer of knowledge), 

hypothesis 3b (relational dimension positively affect the transfer of knowledge), the hypothesis 3c 

(cognitive dimension positively affects the transfer of knowledge) in this study used multiple regression 

analysis techniques. Table 1. shows the results of testing these hypotheses. 

Based on the hypothesis testing results obtained by multiple regression, the coefficient of determination 

(R2) is 0666. This demonstrates the ability of the model to explain the variation in the dependent 

variable by 66.6% and the remaining 33.4% is explained by variables outside the model. F value of 13 

205 with a significance level of 000. shows that jointly or simultaneous independent variables 

significantly explain the dependent variable. To test each hypothesis be partially based on the significant 

value. Based on the results of statistical analysis, there are three hypotheses are not supported. The third 

hypothesis include: Hypothesis 1 (ambiguity knowledge negatively affect the transfer of knowledge) 

with a significance value of 0.235; Hypothesis 3a (structural dimensions positive effect on knowledge 

transfer) with a significance value of .216, hypothesis 3b (relational dimension positive effect on 

knowledge transfer) with a significance value of .413. 

There are two hypotheses are supported by the 10% level of confidence that the hypothesis 2b (age 

companies negatively affect the transfer of knowledge) with a significance level of .072, the hypothesis 

2c (decentralization positively effect on the transfer of knowledge) with a significance level of .086. The 

rest are supported at 5% confidence level include: Hypothesis 2a (firm size has positive influence on the 
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transfer of knowledge) with a significance level of .004, the hypothesis 2d (absorption capacity 

positively effect on the of knowledge transfer) with a significance level of .002, the hypothesis 3c 

(cognitive dimension positive effect on transfer knowledge) with a significance level of 000. 

Table 1 Hypothesis Testing for Antecedent Variables 

 

Model 

Unstandardized 

Coeff 

Standardized 

Coeff 

 

t 

 

sig 

B  SE Beta 

(Constant) 7.132 3.179  2.243 0.29 

Ambiguity .489 .406 .141 1.202 .235 

Organizational Age -.209 .114 -.232 -1.837 .072 

Organizational Size -.334 .110 -.533 -3.043 .004 

Decentralization .195 .112 -.215 1.752 .086 

Absorptive Capacity 1.100 .342 .418 3.220 .002 

Structural Dimension -.367 .293 -.159 -1.252 .216 

Relational Dimension .142 .172 .120 .825 .413 

Cognitif Dimension -1.480 .253 .755 -5845 .000 

 

Hypothesis 1 (ambiguity knowledge negatively affect the transfer of knowledge) is expressed not 

supported, this can be explained by the culture in Indonesia which more emphasis on the principles of 

closeness, trust, and mutual openness between the alliance partners to develop and to establish an 

alliance or cooperation between organizations. This resulted in the ambiguity of knowledge that occurs 

due to the complexity of knowledge, partner protectiveness, cultural and organizational distance, asset 

specificity that might inhibit the process of knowledge transfer can be minimized. Thus, in this study, 

the hypothesis ambiguity knowledge negatively affect the knowledge transfer is not supported. 

However, if the condition in which the level of confidence and attachment between the alliance 

partners is high and beyond reasonable limits, this also will have a negative impact on the process of 

knowledge transfer, therefore hypothesis that structural dimensions positive effect on the transfer of 

knowledge and relational dimensions positive effect on knowledge transfer is not supported in the 

study. 

The positive impact of organizational size on knowledge transfer can be explained as follow, most of 

small organizations has a lack of resource and ability to understand the concept of knowledge transfer, 

that may lead to the slow in implementing the systematically knowledge transfer policy. While large 

organizations tend to have the resources and financial capabilities are much more successful in 

supporting the process of knowledge transfer. While the negative impact of organizational age on 

knowledge transfer can be explained as the older age of the organization are considered to have 

limited ability to learn and adapt to changing circumstances change.  

The positive impact of decentralization on knowledge transfer can be explained as follow. A 

decentralized organization will tend to be more adaptive, innovative, and able to adapt to complex 

business environment than organizations with a centralized structure. Decentralized organization has a 

strong orientation on use, acquisition, and transfer of knowledge that also had an impact on the 

perception of freedom between the units and increase the motivation and desire to share knowledge 
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within the organization. Value maximization occurs when the party responsible for making the 

decision to have knowledge valuable to the decision being made. In an organization, to minimize the 

total cost of requiring the allocation decision of the chairman on the lower level that can be achieved 

through a decentralized organizational structure (Anatan, 2013a). Regarding the positive impact of 

cognitive dimension on knowledge transfer, when goals and visions are shared between the alliance 

partners, the alliance members will have the same perception of how they should interact with one 

another that might lead to the positive impact in the process of knowledge transfer. 

Hypothesis Testing For Technical Uncertainty 

Moderated regressions analysis is used to test and to provide empirical evidence the hypothesis 4, 4a, 

and 4b which regard to the influence of uncertainty as moderating variable in explaining the 

relationship between the transfer of knowledge and performance of the alliance. 

The results of hypothesis testing are summarized in Table 2. Block 1 shows that the first entered is 

variable knowledge transfer. This block shows the value of R2 of .077. When the technical uncertainty 

variables included in equation (Block 2), the value of R2 increases to .170 and ΔF of 6.057. The increase 

is significant with a significance value of 0.04. This shows that 17.0% of the variation of variables 

institutionalization of knowledge transfer can be explained by the variable transfer of knowledge and 

technical uncertainty, while the rest is explained by other factors. In the next stage (Block 3) when the 

interaction variable, knowledge transfer and technical uncertainty, inserted into equation, the value of 

R2 increases to .176 with a .10 significance level. Based on the Moderated Regression Analysis criteria, 

it can be concluded that the variable of organizational uncertainty is a quase moderator. 

Table 2. Hypothesis Testing for Technical Uncertainty 

 

Model 

Standardized 

Coef 

t test  

R
2 

 

∆R
2 

 

∆F 

 

Sig 

B t Sig 

1 (Constant) 4.298 18.625 .000 .077 .077 4.980 .029 

 Knowledge Transfer 

(KT) 

-118 -2.231 .029 

2 (Constant) 3.377 5.182 .000  

 

.170 

 

 

.170 

 

 

6.057 

 

 

.004 
 Knowledge Transfer 

(KT) 

.108 -2.124 .038 

 Technical 

Uncertainty (TU) 

.305 2.581 .012 

3 (Constant) 1.775 .650 .518 .176 .176 4.166 .010 

 Knowledge Transfer 

(KT) 

.225 .406 .686 

 Technical 

Uncertainty (TU) 

-.070 -.604 .548 

 Interaction Variables 

(KT.TU) 

.639 1.130 .263 

Hypothesis Testing For Organizational Uncertainty 

The results of hypothesis testing are summarized in Table 3. Block 1 shows that the first entered is 

variable knowledge transfer. This block shows the value of R2 of .077. When the organizational 

uncertainty variables included in equation (Block 2), the value of R2 increases to .101 and ΔF of 3.323. 
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The increase is significant with a significance value of 0.043. This shows that 10.1% of the variation of 

variables institutionalization of knowledge transfer can be explained by the variable transfer of 

knowledge and organizational uncertainty, while the rest is explained by other factors. In the next stage 

(Block 3) when the interaction variables inserted into equation, knowledge transfer and organizational 

uncertainty, the value of R2 increases to .102 with a .097 significance level. Based on the Moderated 

Regression Analysis criteria, it can be concluded that the variable of organizational uncertainty is a 

quase moderator. 

To succeed knowledge transfer within university and industry alliance, there should be a synergy 

between both parties to encourage mutual development and to avoid any negative possibility, such as to 

become a parasite to one another. The availability of synergy between both parties is expected to 

benefits the development of cooperative climate by giving incentive and stimulus to the industry. In 

order to make synergy with academics, policies are needed such as tax exemptions for industries that 

want to perform functional synergies with universities. University can perform a variety of innovation 

through R & D to be able to translate innovation culture into a technology, and to create a market for the 

product, so that through R & D, innovation culture translated in modern technology, and provide 

knowledge-based economic development through mutually beneficial cooperation with the industry. 

Agro industries, electronics and information technology industries, automotive industries, and textile 

industries becomes potential industries to increase economic growth in Indonesia which has specific 

problem that generally most local industry is a subsidiary outside of the licensing industry which has 

several limitations in terms of innovation-based research and development (Anatan, 2013c).   

Table 3. Hypothesis Testing for Organizational Uncertainty 

 

Model 

Standardized 

Coef 
t test 

 

R
2 

 

∆R
2 

 

∆F 

 

Sig 

B t Sig 

1 (Constant) 4.928 18.625  .077 .077 4.980 .029 

 Knowledge 

Transfer (KT) 

-.118 -2.231 0.029 

2 (Constant) 4.337 8.118 .000  

 

.101 

 

 

.101 

 

 

3.323 

 

 

.043 
 Knowledge 

Transfer (KT) 

-.124 -2.339 .023 

 Organizational 

Uncertainty (OU) 

.129 1.271 .209 

3 (Constant) 5.122 1.812 .075  

 

.102 

 

 

.102 

 

 

2.207 

 

 

.097 
 Knowledge 

Transfer (KT) 

.-285 -498 .620 

 Organizational 

Uncertainty (OU) 

-.046 -.073 .942 

 Interaction 

Variables (KT.OU) 

.036 .283 .778 

The important thing to create synergy between university and industry, the university must eligible to 

work as a research and development (R&D) institute since R&D facilitate the development of creative 

ideas to contribute the problem solving in industry through the innovations produced. On the other hand, 

industry should also be willing to open up to the university to conduct a variety of research collaboration 
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through engage in joint research which the expected results of the research can be used to increase the 

productivity of product quality improvement. The Government as the third parties has to provide 

incentives for researchers who produce quality research, such as the availability of research funding not 

only from the industry, but also from the government to produce innovative idea that will be beneficial 

for the industry in particular, and society in general. 

8. Limitations and Suggestions 

This study still has some limitations such as: First, research sample includes several industries so that 

the composition of the industries in the sample may indicate the presence of variability in performance 

between industry so that control over the securities industry needs to be done, but in this study the 

effects of the industry has not done. Second, the performance measurement alliance activity was 

measured by the level of institutionalization still using perceptual knowledge transfer methods that can 

lead to bias in the measurement. Third, this study used data mostly obtained through mail surveys that 

can lead to biases that cause analysis results are not good. Future study might use direct survey to 

ensure that the respondents are the exact target respondents as determined in the research design, 4) 

This study uses a simple regression analysis and moderated regression analysis to analyze the data 

obtained due to limited data and existing research time. To get a better test results, including testing of 

the role of intervening variables included in it, further study bias using SEM or path analysis method. 

This research is expected to provide benefits to the company in Indonesia to establish alliance with 

university to facilitate the process of knowledge transfer activities. The result is expected to contribute 

to the academic particularly in strategic management literature. Theoritically, the results of this study 

are expected to be input for subsequent researchers to understand the conceptual and empirical issues on 

university to industry knowledge transfer within university and industry alliance to support the 

development of intellectual capabilities and professional knowledge for researchers in the field of 

management through the application of theory in the industry. Practically, this study is expected to 

support the development of "research partnership" between academics and practitioners that will 

become the platform for resolving the problems in the industry. 
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Abstract. The Triple Helix theory suggests that the dynamic trilateral interactions among university, 

industry, and government can help to generate novel knowledge and technology that are increasingly 

more important in economic development. However, there is usually missing linkage between 

university and industry in terms of technological collaborations, especially in emerging economies. 

Through the firm-level observation of a Chinese technological intermediary organization‟s business 

practice, we conceptualize the substantial role of intermediary organizations in bridging the gap 

between university and industry. Specifically, we find that intermediary organizations can align 

academic research output and business technological demand, reduce opportunism behaviors in 

technological transactions, and relieve the problem of geographic stickiness of knowledge in 

technological search of universities and firms. The findings enrich the Triple Helix theory and provide 

important policy implications.  
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1. Introduction  

In the era of knowledge economy, science and technology are playing increasingly significant role in 

national economies [1,2]. The Triple Helix theory states that the dynamic trilateral interactions among 

university, industry, and government can help to generate novel knowledge and technology that are 

increasingly more important in economic development [3,4]. The Triple Helix theory suggests that the 

university is one of the main sources of new technologies, and the cooperation between university and 

industry infuses critical research talent and necessary financial resources into the creation of 

innovation capability and competitive advantage [3].  

However, regardless of whether these institutions are separate or overlapping spheres to each other, 

scholars have recognized that there are significant frictions between academic research effort and 

industrial technological needs [5]. Firstly, universities have traditionally focused on research and 

teaching tasks, and they are still largely regarded and ranked by their scientific contributions in the 

measure of publications and patent applications. But business firms need to develop market-desired 

products and services to generate revenue and profit. So there are significant differences in the 

objectives and behaviors between the two sectors [6]. To emerging economies, the gap between 

academia and industry is even wider. Taking China as an example, teaching was the  

primary task for universities until after the economic reform especially after late 1990s that 

universities started to focus increasingly on scientific research and scholarly publication. As the same 

in other economies, many of these research outcomes are experimental and immature for immediate 

commercialization. On the other hand, most Chinese firms are small to medium low-cost 

manufacturers that have only in recent years begun to transform and upgrade themselves, but they 

have not accumulated enough slack resources for high-risk high-input research and development 

activities [7]. These realities rationalize these firms‘ favor of mature innovative technologies over 

novel but immature technologies.  

Secondly, there is mistrust between universities and firms. Trust is usually built on a network of close 

relationships (i.e., ―guanxi‖) in Chinese culture [8,9]. However, the cooperation between universities 

and firms is often case-by-case short-term relationships. These non-repetitive transactions create the 

incentives for and fear of opportunism behaviors [10], and the prevention measures of these 

opportunism behaviors increase transaction costs.  

Thirdly, innovation and knowledge is characterized by geographic stickiness [11]. The radius of a 

university‘s impact on local firms is limited, so the cooperation between the university and firms tends 

to stay within a certain geographical boundary.  

The above tenets to various degrees hinder the cooperation between academia and industry. Based on 

our observation, we propose that intermediary organizations serve a critical role in helping universities 

and firms to overcome the interferences and bridging the relationship between the two sectors. 

Specifically, intermediary organizations can:  
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1. Align academic research production and firms‘ technology consumption through helping firms to 

identify and select mature technologies and helping universities to hatch experimental discoveries to 

industrial technologies.  

2. Reduce opportunism behaviors and the cost of prevention through the use of online platform to 

convert individual transactions between university and firm to open and verifiable record to facilitate 

repetitive and stable long-term relationships.  

3. Reduce the geographic stickiness of knowledge through information sharing by the online platform 

to enable universities and firms to expand their search range of technology.    

We attempt to use a case study of Keyi Web, a technological intermediary organization, to explore 

how it bridges the gap between universities and firms and subsequently conceptualize the effects of 

intermediary organizations on the relationships between academia and industry within the structure of 

the Triple Helix theory. Eventually, we hope to offer insights for broader implications in policy 

making with regard to how governments in emerging economies can help to establish specialized 

intermediary organizations and develop regional innovation ecosystem to accelerate the conversion of 

innovative outcome into regional innovative capability and sustainable competitive advantage.  

2. Theoretical Background   

Triple Helix Theory. The Triple Helix system, evolving from the national systems and ―mode 2‖ 

systems, is a theoretical framework describing the trilateral relationships among academia, industry, 

and government in the activities of technological and knowledge development. The theory recognizes 

the global trend of the decrease in government-directed innovation effort and the step-up of the 

academia‘s role in technological development and knowledge generation for sustaining regional 

economic development. There are several variations of the Triple Helix model, mainly in how the 

government, academia, and industry relate to one another. As pointed out by Etzkowitz and 

Leydesdorff (2000), one variation is that the three institutions are separate spheres with strong 

boundaries dividing them but each has interactions with the other two institutions [3]. Another 

variation is that the three institutions overlap one another, with each taking the role of the other and 

with hybrid organizations emerging at the interfaces.  

Missing Linkage between Academia and Industry. 

Because of the traditional differences in the purpose of university and industry [5], the collaboration 

between the two spheres in innovation activities remains a challenge (see Fig. 1). Firstly, universities 

are more focused on scientific research, while firms value problem-solving solutions. Secondly, it is 

difficult to establish a network of trusted relationships by individual universities or firms because the 

cooperation of innovation activities is often times temporary and universities have unique expertise 

while firms‘ technological problems vary. Lastly, knowledge is sticky and stays in proximity, so a firm 

is unable to search and utilize existing knowledge or innovation capacity in a distant location [11]. 

Therefore, universities and firms may be confined to a specific geographic area to find external 
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knowledge or potential collaborator [13].   

Because of these attributes, the ties between academia and industry are weak or at least can be 

strengthened. Therefore, other entities such as the government and intermediary organizations can help 

to bridge the innovation gap between the two sectors. Government 

 

Fig. 1 Gap between University and Industry in Triple Helix Model 

 The Effect of Intermediary Organizations in Innovation.  

Intermediary organizations as a facilitator of business transactions naturally take the role of forging 

relations and enhancing the ties between facilitated parties. In the arena of technological innovation, 

scholars have found that intermediary organizations also play a constructive role. For example, Liu, 

Shou, and Xie (2013) find that intermediary organizations enhance the innovation capability of micro-, 

small-, and medium-sized enterprises by helping them to scan and identify external resources and 

integrate them with internal resources for technology development [12]. Wolpert (2002) points out that 

secretive in-house innovation process is often ineffective and a network of intermediary organizations 

can facilitate information sharing among contracting firms while keeping them private [14]. Wagner, 

Hoisl, and Thoma (2014) argue that professional service firms such as patent law firms grant firms 

access to knowledge depository and help them break knowledge localization and overcome path 

dependency in organizational learning [15]. Through the investigation of intermediary organizations in 

the electronic games industry in UK, Sapsed, Grantham, and DeFillippi (2007) find that the 

effectiveness of intermediary organizations is contingent upon key design choices and brokerage 

capabilities [16]. In our paper, we focus on intermediary organizations that facilitate the 

interorganizational collaboration of technological development between research institutions and 

business firms (see Fig. 2).  

3. Methodology   

We use case study as the research methodology. In this study, we try to explore the 

mechanisms about how the intermediary organization bridges the gap between universities and 

industry in terms of technological collaborations. As mentioned by Eisenhardt (1989), case study is 

effective in building new theory [17], and the qualitative method can help us explore new theory by 

investigating novel phenomena [18].  
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Fig. 2 Role of intermediary organization 

Case Selection. Keyi Web (www.1633.com ), developed and hosted by Xiamen ZhongKai 

Informational Technology LLC in 2007, is a technological intermediary organization that manages the 

largest technological service website in China. Keyi Web established an online platform for 

technology buyers and suppliers to interact and transact. The case of Keyi Web is selected because it 

fits the context of our study. Especially, Keyi Web developed a new business that mainly focuses on 

transfer and commercialization of technologies from universities, serving the role of bridging the gap 

between university and industry. Since its startup in 2007, Keyi Web has facilitated a large amount of 

technology transfers from universities to firms for commercialization through the online platform and 

related services. This allows us to collect enough data to investigate how Keyi Web bridges the gap 

between university and industry in terms of technological collaborations.  

Data Collection. Data in this study were collected by both interviews and archives. As shown in Table 

1, we visited the headquarters of Keyi Web four times from July 2011 to April 2015, and conducted 

in-depth interviews with senior managers and the business owner (see Appendix 1 for interview 

questions). All of these interviewees have been working in the firm for more than two years, some 

since the start of the business. Especially, the business owner was interviewed in July 2014, and he 

told us a lot of stories and details about the growth of the firm. Therefore, it can ensure that we can 

gain accurate and complete information about the firm‘s business. Each of interviews lasted about two 

hours, and some of them were interviewed again through telephone or email for confirmation. 

Additionally, we collected available archive data including relevant industrial reports and internal 

documents.   

Data Analysis. Typical content analysis method was utilized to code data from various sources [19]. 

We created five categories based on the data coding. These categories are (1) technological 

collaboration between university and industry, (2) gap between university and industry, (3) 

opportunism behaviors, (4) knowledge stickiness, and (5) role of intermediary organization. Then we 

used the method of analytic induction [19,21] to analyze data and proposed hypothetical explanation 

http://www.1633.com/
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of the observed phenomena. In the process of analytic induction [20,21], we iterated data with 

proposed theory, compared the data from different sources, and lastly, we suggested a theoretical 

pattern that fitted data from all sources. First, we defined the phenomenon that we tried to explain. 

Second, a tentative theoretical explanation of that phenomenon was suggested. Third, researchers 

discuss whether the hypothesis fitted the facts in the phenomenon. Fourth, if the tentative theoretical 

explanation did not fit the data, either the theoretical explanation was reformulated or the phenomenon 

to be explained was re-defined. Last, the procedure was continued until a theoretical explanation 

emerged that could be applied to observations.  

Table1 Details of Interview 

No. of 

Interview  

Interviewee  Time  Duration of 

interview  

1  The manager responsible for online 

resource development  

July, 2011  About 1.5 hours  

2  The manager responsible for interaction 

with Universities  

November, 

2012  

About 2 hours  

3  The business owner  July, 2014  About 2.5 hours  

4  The general manager  April, 2015  About 2 hours  

4. Result  

Case Description. Keyi Web integrates diverse resources in its online database (see Table 2). To date, 

there are more than 250,000 registered technologies available for commercialization. More than 

100,000 technological experts are registered on the website, and they are real-name authenticated, 

which ensures the reliability of the information. There are more than 20,000 professional third-party 

service providers that are institutions specialized in a specific field of technological services for firms. 

Keyi Web has business relationships with more than 200 universities, which are important sources of 

technological innovation projects for firms. Keyi Web has successfully established collaborations with 

more than 200 regional government agencies and has helped some regional governments build local 

online technological market to provide technological services for firms in their jurisdiction.   

Table 2 Technological Innovation Resources on Keyi Web 

Resource Categories Number Notes 

Technologies >250,000 Updated daily with more than 150 

Technological experts >100,000 All experts are real-name authenticated 

Professional service providers >20,000 6 categories and 80 subcategories 

Registered universities >200  

Regional government agencies About 200  

Registered firms About 1,200,000  

Technologic Services Provided by Keyi Web. Fig. 3 show the servicing process of Keyi Web. 

Initially, Keyi Web gathers and integrates diversified technological resources (registered technologies, 

experts, universities, professional technological service providers, etc.) in its online database. 
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Frequently, there will be technology exhibitions that are focused on specific technological fields, and 

these exhibitions can enhance interaction between universities and firms. Then, Keyi Web helps to 

evaluate and price intellectual properties, which can shorten the length of negotiation between 

transacting partners. Subsequently, Keyi Web provides the service of matching technological 

demander with suppliers. If the two partners are matched with each other, then it will be the 

transaction process including contracting signing, payment underwriting, and property transfer. 

Service ends when the transaction is completed.   

 

Fig. 3 The Servicing Process 

Keyi Web provides online and offline services for firms and universities (see Fig. 4). There are two 

types of online platforms: One is the PC-based technology transfer platform that is focused on formal 

technological exhibition, matching between demand and supply, and technological transactions via 

personal computers, the other is mobile-based technological social network that accommodates the 

informal interactions via mobile devices such as mobile phone, ipad, etc. There are also offline service 

support teams providing offline services such as technological training and consulting.  

 

Fig. 4 Services Provided by Keyi Web 
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As shown in Fig. 4, Keyi Web provides online and offline services to link the technological demand of 

firms with technological supply of universities. Through the online platform, universities can register 

their outcome (technologies), and exhibit their potential technological and service capacity. In the 

meantime, firms can search for innovation projects or report technological problems in their 

technological innovation projects on the online platform. With online platform, Keyi Web can provide 

talent hunting services and technological solutions to firms‘ technological problems.  

Furthermore, Keyi Web integrates resources and capabilities of universities to provide offline services 

for firms, such as technological training and consulting.  

The Role of Keyi Web in Bridging the Gap between Universities and Firms. As suggested in 

Section 2, there are three main missing linkages between university and industry in terms of 

technological collabortions in emerging economies. In this section, we will examine how the 

intermediary organization bridges the gap between them by overcoming these barriers of technological 

collaborations.  

Keyi Web uses the following machanisms to reduce discrepancy between university‘s research output 

and firm‘s technological demand. Firstly, Keyi Web tries to use its online platform to match a firm‘s 

technological demand with technological supply, and to a large extend reduce the descrepancy 

between research output and technological demand derived from information asymmetry. Through the 

online platform provided by Keyi Web, firms can post their technological demands, and experts or 

professors of universities can publish their technologies on the online platform. Based on the database, 

Keyi Web match technological demand of firms with technological supply provided by universities. 

Furthermore, Keyi Web provides online communication tools for technological buyers and suppliers 

to negotiate. In order to reduce the time and cost of negotiation, Keyi Web tries to standardize the 

procedures of negotiation and transaction. More impportantly, Keyi Web collaborates with some 

professional service providers to envaluate technologies. If the price of technologies is determined 

through technological evaluation, the negotiating process can be sped up.  

Secondly, Keyi Web provides value-added services for SMEs to help them to evaluate and select 

technologies provided by universities. Generally, SMEs cannot evaluate and select technologies by 

their own. One reason is that SMEs rarely have inhouse R&D activities, and as a result they lack the 

absorpitve capacity to understand and assimilate external technologies [22, 23]. The other reason is 

that new knowledge or technologies developed by universities are generated mainly for the purpose of 

publication or patent apllication instead of transfer and commercialzation. The scientific language in 

the technological documents is hard to understand for engineers of SMEs. In order to address the issue, 

Keyi Web integates related capabilities of registered experts or third professional service providers to 

help SMEs to evaluate and select technologies.   

Thirdly, Keyi Web tries to align the direction of research of universities with technological demand of 

firms in their interactions with experts or professors. For example, with the support of government 

policy, Keyi Web provides financial incentives such as rewards and bonuses for experts and scholars 
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who are involved in the process of technological transfer and commercialization, so that technological 

suppliers can receive additional benefits from Keyi Web and the government besides the direct 

revenue from technological transfer. Furthermore, Keyi Web often arranges scientist delegations from 

universities to visit industiral clusters to help them to better learn the needs and wants of industry. To 

some degree, these activities can increase professors‘ interest in developing technologies focused on 

commercialization, not just on publication.  

Keyi Web uses the following mechanisms to reduce opportunism behaviors and friction in the process 

of technological transactions. First, Keyi Web provides third-party payment platform for  

completing transactions. As shown Fig. 5, the actors in the transactions have to be real name 

authenticated before they can use their membership to place orders and make contracts. There is also 

the service of payment underwriting provided by Keyi Web. Before technological documents transfer, 

the payer should transfer the fund to the account of the third-party payment platform of Keyi Web. 

After being confirmed by technology buyer, the fund is then transferred to the seller by the third-party 

payment platform. In this way, the opportunism behaviors in the technological transaction process can 

be reduced to a large extent.  

 

Fig. 5 The Transaction Process 

Second, by providing the online technology trade platform to firms and universities, Keyi Web is able 

to obtain and display transaction history of its members, effectively converging individual trades into 

verifiable records. The continuously accumulating transaction record becomes a continuing credit 

rating of members, which to a large degree reduces the temptation of opportunism behavior.   

Keyi Web uses the following mechanisms to reduce the geographic stickiness of knowledge by 

extending their radius of technological service beyond their traditional boundaries. First, by using the 

online platform, Keyi Web can integrate technological resources in wider geographic range. Firms and 

universities from different areas of China registered on the online platform. Therefore, firms and 

universities far away from each other can interact with each other on the online virtual community, 

and then negotiate and even complete technological transaction online. In this way, the geographic 

stickiness of knowledge can be relieved to some degree. As following typical examples of services 

show, using services provided by Keyi Web, technologies of universities can reach out to firms that 



 

 219 

are farther away, and firms can select appropriate technologies from more universities.  

Second, Keyi Web collaborates with local governments to establish local online technological markets. 

These online local markets are to promote the technological collaborations among local universities 

and firms. In the meantime, Keyi Web integrates these resources into a larger platform of Keyi Web. 

The local firm can also have access to more technological resources of universities from different 

areas.  

Typical Examples of Keyi Web’s Services. To describe the practice of Keyi Web, we provide three 

examples in which the intermediary organization provided its services to enhance technological 

collaboration between universities and firms.  

Example 1. Hongle Solar Tech LLC is a developer, manufacturer, and seller of solar thermal 

collectors located in Haining city, Zhejiang province, China. After HainingTao Tech Trade Platform, a 

website supported by Keyi Web, is established, it has organized a series of training sections regarding 

online technology trades for local firms. Hongle‘s technology chief manager Chu Lifei was invited to 

the training, where he announced an unsolved technological problem and sought solution proposals 

through Keyi Web.   

The staff of Keyi Web carefully collected detailed descriptions of the problems of existing technology 

and materials in production, and forwarded the information to the project matching team. In August 

2014, Keyi Web connected Hongle to Nano Technology Institute of China Science Academy. Due to 

the differences in solution direction, the cooperation ended without a result. Keyi Web‘s project 

matching team further communicates with Hongle, identifies the firm‘s acceptable solution directions, 

and continues to search for the best solution among available universities. In early September 2014, 

Keyi Web facilitated another match between Hongle and Suzhou Research Institute of Wuhan 

University. Hongle approves the solution proposal, but the cooperation ended in the stage of price 

negotiation.  

Although the first two matching were not successful, Hongle was very approval of Keyi Web‘s 

matching service and continued to use Keyi Web to search for suitable technological solutions. 

Eventually, in an online matching conference hosted by HainingTao Tech Trade Platform, Hongle was 

connected to a senior scholar and associate dean of College of Materials Science at Nanjing Tech 

University who had a strong research record and rich cooperation experience with industry. After 

several rounds of communication and Keyi Web‘s coordination, the two have finalized the agreement 

of cooperation and signed the contract on HainingTao Platform.  

Example 2. Xiamen Oukai Tech LLC is a developer and manufacturer of food stabilizers located in 

Xiamen, Fujian, China. In May 2014, Oukai submitted a request to Keyi Web for a cellulose-related 

technology. After receiving the request, Keyi Web‘s matching team conducted a detailed analysis of 

Oukai‘s technological needs and recommended three experts based on the keywords of their expertise. 

Eventually, Oukai selected Prof. Xiong of Xiamen University as their collaborator. With the 

subsequent assistance of Keyi Web, The project was successfully completed.  
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Example 3. Deya Culture Group is a media corporation focused on developing strategies and ideas for 

advertisement, animated films and videos, software R&D, and education headquartered in Xiamen, 

Fujian, China. On August 26, 2014, Deya submitted a service request to Keyi Web for the 

development of a corporate office administrative software in the service industry. After receiving the 

request, Keyi Web‘s matching team identified the specific needs of Deya and recommended three 

academic institutions based on their technological capacity. Eventually Deya selected Xiamen 

University as their final candidate. With the assistance of Keyi Web in the subsequent negotiation, the 

two parties have signed a final contract on September 28, 2014.     

5. Discussion   

Contribution. In this paper, we propose that intermediary organizations provide three key benefits to 

the tie between university and industry. Firstly, intermediary organizations reduce the  

discrepancy between university research output and firms‘ technological demand. On the one hand, 

intermediary organizations serve as a search engine for firms to acquire information about existing 

technologies, and serve as a filter to purify the results and help firms to identify mature technology. 

Because of their professional insights, intermediary organizations know about the available technology 

and the trend in technological development. Accessing intermediary organizations‘ information will 

help update firms‘ knowledge base and information flow. Beyond information searching, intermediary 

organizations can also help firms to identify appropriate technology or technology producer by 

carefully evaluating the needs and using their prior experience. On the other hand, intermediary 

organizations provide a scope for universities repurpose their research effort beyond the point of 

scientific discovery, helping them to hatch desired technologies and transform university laboratory 

into innovation generator.   

Secondly, intermediary organizations reduce opportunism behavior and thus frictions in technology 

transactions. The cooperation between the university and the firm is often case-by-case and therefore 

temporary. Intermediary organizations through the establishment of online trading platform can 

construct a track record of transactions open for peers to review while keeping the innovative result 

confidential. This service effectively reduces the possibility of opportunism behavior and increases the 

incentive for record building.  

Thirdly, intermediary organizations can help universities to reduce the geographic stickiness of 

knowledge by extending their radius of technological service beyond their traditional boundaries. By 

providing the search capability and brokerage service through networking activities, intermediary 

organizations acquire unique and critical knowledge of members in the network and therefore can 

facilitate better communications and interactions between universities and firm, allowing them to 

reach potential partners beyond their geographical boundary.    

With these results above, this study mainly has two theoretic contributions. Firstly, this study enriches 

the literature of the Triple Helix Model by examining the role of intermediary organization in bridging 
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the gap between university and industry. The Triple Helix theory suggests that interactions among 

university, industry, and government can create new knowledge and technology, which is the engine 

of development of economies [3]. Especially, the Triple Helix Theory stresses the importance of 

universities in economic development [2]. However, this study suggests there is missing gap between 

university and industry in terms of technological collaborations, especially in emerging economies 

such as China. The study addresses the problem by suggesting that intermediary organizations can 

help bridge the gap between university and industry. Evidence from a case study, we propose that 

intermediary organizations can align academic research production and firm‘s technology 

consumption, reduce opportunism behaviors in technological transactions, and relieve the problem of 

geographic stickiness of knowledge in technological search of universities and firms. Therefore, this 

study enriches the Triple Helix theory by extending it in emerging economies, and examines the role 

of intermediary organization in enhancing and catalyzing the interaction between universities and 

firms.  

Secondly, this paper also contributes to studies about intermediary organization by examining its 

operational mechanisms to promote the collaborations between universities and firms. Prior studies 

about intermediary organization mainly stress its relatively passive role about technological 

information diffusion and innovative resource integration for SMEs in the innovation process [7,16]. 

Based on prior literatures, this study suggests that intermediary organization can reduce opportunism 

behaviors by its innovative transaction process, and align academic research production and firm‘s 

technology consumption through its interactions with universities and firms. Therefore, this study 

enriches the research of intermediary organizations by stressing the aggressive  

role in innovation process in linking knowledge generation of universities with technology 

commercialization of industry.    

Policy Implication. From the case study of the intermediary organization, we suggest following 

policy implications. Firstly, firms and universities can rely on intermediary organizations to enhance 

their technological collaborations. In emerging economies where there exist imperfect technological 

markets with a substantial gap between the demand for commercial technology and the supply of 

scientific output, policy makers should recognize that intermediary organizations can bridge the gap 

between university and industry with regard to technological collaboration. With the role of 

intermediary organization, the technological demand from industry and supply from university can be 

matched, the friction of transaction and opportunism behaviors are reduced, and geographic stickiness 

of knowledge is also relieved.  

Secondly, a good business model is necessary for intermediary organizations to sustain their business 

in services for firms and universities. In designing the business model, basic services, such as 

technology registry, basic exhibition of technological demand and supply, can be free of charge, which 

can attract more registered users to interact on the online platform. Because of networking externality 

effects [24], the increasing numbers of registration will draw in additional universities and firms. The 
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growing depository of technological talent and larger user pool will become a valuable asset for 

intermediary organizations to profit from and a business client to provide other value-added services 

(e.g., turnkey solution for technological problems, customized exhibition of technologies).  

Thirdly, governments should provide support to promote the growth of intermediary organizations, as 

financial support from government is vital to the livelihood and growth of intermediary organizations 

in their infant age. A favorable industrial policy, such as subsidies, tax breaks, or government 

contracts, will help intermediary organizations to address the initial financial difficulty and eventually 

benefit the local economy.  

Limitation and Future Research Direction. Firstly, this research is a single case study to explore 

how the intermediary organization moderates the tie between university and industry with regard to 

technological collaborations. As suggested by Eisenhardt (1989) [17], single case study is effective to 

explore new and unexpected phenomena, but is relatively weak to support and validate a robust theory. 

Therefore, additional cases are needed in the future to further examine the model about the role of 

intermediary organizations in bridging the gap between university and industry.   

Secondly, this study only examines the role of intermediary organization in facilitating the ties 

between university and industry. Future studies can study other intermediary organizations to 

investigate their roles in enhancing the other relationships between university and government as well 

as between industry and government in the Triple Helix theory.   

Thirdly, we examine the role of intermediary organization from the theoretical perspective of 

opportunism behavior and geographic stickiness of knowledge. Future studies can use other theoretical 

perspective in strategic management, such as of network resources [25,26], inter-firm social networks 

[27,28], to examine how universities, firms and intermediary organizations create and share network 

resources and how they interact with each other to form social networks to enhance their innovation 

performance.  

6. Conclusion  

The Triple Helix theory suggests that the dynamic trilateral interactions among university, industry, 

and government can help to generate novel knowledge and technology that are increasingly more 

important in economic development. However, there is usually missing linkage  

between university and industry in terms of technological collaborations, especially in emerging 

economies. Firstly, universities have traditionally focused on research and teaching tasks rather than 

technological transfer and commercialization. Secondly, there exists mistrust between universities and 

firms. Thirdly, innovation and knowledge is characterized by geographic stickiness. Using a case 

study, this paper carefully examines how the intermediary organization is able to serve a constructive 

role in bridging the gap between university and industry. Specifically, we find that intermediary 

organization is able to align academic research production and industrial technology consumption, 

reduce frictions of technological transactions by discentivizing opportunism behaviors, and relieve the 
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problem of geographic stickiness of knowledge by helping university and industry in search capability.  
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[29]. Appendix 1  

Interview Questions  

1. Can you please introduce us the history of the company?  

2. When did the company start the business of ―University Town‖? What kind of ideas drove the 

business? What are the characteristics? What is the status of it in the Keyi‘s whole businesses?  

3. When did you take part in this department? What kind of business did you do before?  

4. How does the ―University Town‖ go in the online resources? (the amount of registered universities, 

research institutions, experts and companies)  

5. How does Keyi Web expand online resources?  

6. What is the profit model of Keyi Web?  

7. Did you face some problems when you contact with universities and companies? Can you please 

specifyhow did your company solve these problems through some examples?  

8. How about the engagement of universities? How does Keyi increase the engagement of 

universities?  

9. How does Keyi increase the engagement of companies?  

10. Did the company face some problems in commercialization and collaborations with universities?  

11. Are there some opportunism behaviors in the technological transactions? How does Keyi solve  

these problems?  

12. Did you help companies and universities expand the scope of technology search and cooperation? 

Can you give us some examples?  

13. Can you please introduce us the process of technological transactions? How does it keep the 

transactions smooth?  

14. Can you please introduce us real name registration? What is the specific role and function? What 

the future plan of the business of Keyi Web?  
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mechanisms through which firms may obtain idiosyncratic knowledge not easily imitated by competing 
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arm‟s-length relationships and purposefully generate novel combinations of resources and 
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1. Introduction  

Firms which develop external links connecting them with other firms, research institutions and 

universities, and government bodies often find themselves at the centre of complex triple-helix 

networks which facilitate their capacity to innovate (Leydesdorff 2000; Etzkowitz 2008). However, 

gaining competitive advantage from university collaboration is not straightforward. The open nature of 

academic science is at times in conflict with companies‘ need to protect technologies and appropriate 

value. Academics are motivated to publish scientific papers rather than develop novel solutions for 

firms driven by time-sensitive product development. Furthermore, science starts with known 

conditions and tries to uncover unknown results, whereas technology and innovation are driven by an 

idea of the final result, and the researcher tries to solve the necessary conditions to produce the desired 

outcome (Nightingale 1998). Dissimilar cognitive foundations thus raise challenges. The issue is how 

managers may overcome these obstacles and structure their relationships with universities in ways that 

provide more value for the firm.   

Despite the rich debates on alternative models of innovation processes in firms and innovation policy 

(Mytelka and Smith 2001), the linear model implicitly guides much public policy. The notion of a 

linear, well-defined, step-by-step innovation process may invoke another related notion: the third role 

of universities may be organized in market-like transactions with a focus on arms-length transactions 

and contracts. Generally, market-based exchanges are characterized as discrete contracts between 

autonomous buyers and sellers. These transactions are ―sharp in‖; indicating that they are 

accompanied by a clear-cut, complete and monetized agreement. They are also ―sharp out‖ in the 

sense that the provider‘s obligation of performance and the buyer‘s expected payment are 

unambiguous. In this scenario, the university becomes a true market actor on par with private firms. 

The problem lies in the way the justifiable need to prove the efficient and transparent use of public 

policy investments can lead to an emphasis of easily measurable outcomes rather than the real drivers 

of innovation (McKelvey 2014). From the perspective of the firm and from a broader societal 

perspective, universities have much more comprehensive roles in the knowledge economy than the 

linear model assumes (Hughes and Kitson 2012), and there is much more to it than patents, start-ups 

and licensing (Salter and Martin 2001; Lester and Sotarauta 2007). The vantage point of this paper is 

this broader notion of the universities‘ roles, and the contention that the organizational dynamics of 

the broader relationships remain under-researched (Perkmann and Walsh 2007).   

On the other hand, there is a comprehensive literature on firm to firm relationships and alliances 

(Hamel 1991; Gulati, Nohria et al. 2000; Lunnan and Haugland 2008), and the potential of creating 

competitive advantage and rents from alliance relationships and the key factors driving them (Dyer 

and Singh 1998). An extensive literature exists on this issue. This paper adds to that literature by 

introducing the triple helix (Etzkowitz 2008) on the scene. As mentioned, the firm-university 

relationship from the perspective of the firm, is our main focus. However, government is also strongly 
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involved by owning the respective universities, by offering financial support to the innovative firms, 

and by participating in projects.   

2. State of the art: triple helix and the resource based view  

In the triple helix perspective, universities play a role as a source of firm-formation and regional 

development in addition to its traditional role as a provider of trained persons and research based 

knowledge. According to Etzkowitz and Klofsten (2005) the triple helix model comprises three 

elements. First, the university takes a more prominent role for innovation. Second, collaborative 

relations among the three institutions are increasingly the outcome of interaction rather than a 

prescription from government. Third, the boundaries between the institutions become blurred as each 

institution takes the role of the other. Universities commercialize products and services, and firms 

carry out high quality research. An active role for the university in regional economic and social 

development, rather than constraining itself to the traditional roles of providing human capital and 

research, is the defining characteristic of the entrepreneurial university (Etzkowitz and Klofsten 2005). 

Empirical studies of the triple helix indicate that the synergy between university and industrial R&D 

enhances the sustainability if firms, and suggest that university R&D plays a vital role as a mediator 

among the three spheres in the triple helix system (Kim, Kim et al. 2012). Campbell et. al (2004) have 

documented that consulting relationships, research grants or contracts, and researcher training 

represent major points of intersection between university and industry. The government and industry 

relations typically relates to public financing and equity positions.  

Taking the perspective of the firm in this ecology, we invoke the resource based theory to study the 

potential collaboration with universities may have to enhance the firms‘ competitive advantage. The 

resource-based view of the firm (RBV) is based on the notion that resources owned by the firm have 

the potential to provide sustainable competitive advantage when they are valuable, rare, inimitable and 

not readily substitutable (Barney 1991; Peteraf 1993; Peteraf and Barney 2003). Resources or 

capabilities are valuable when they enable the firm to conceive or implement strategies that improve 

its efficiency and effectiveness. If these capabilities are commonplace and easily available, firms may 

develop similar strategies, products and services, giving no firm a competitive edge. Valuable and rare 

organizational resources may thus obviously be a source of competitive advantage. However, valuable 

and rare  

organizational resources can only be sources of sustained competitive advantage if other firms cannot 

obtain them by direct duplication or substitution. Resources are costly or hard to imitate when the link 

between resources or capabilities and a firm‘s sustained competitive advantage is causally ambiguous, 

or the development of those resources are dependent on socially complex processes (Dierickx and 

Cool 1989). First-mover advantages may be lasting when events in that evolution have significant 

effects on subsequent events, when path dependence allows a firm to gain competitive advantage in 

the current period based on learning and development of resources in earlier periods. Examples of 
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socially complex resources include interpersonal relations among managers in a firm (Hambrick 1987), 

a firm‘s culture (Barney 1986), a firm‘s reputation among suppliers (Porter 1980) and customers 

(Klein and Leffler 1981). In some cases, it might be possible to specify formally and intellectually 

how these socially complex resources add value to the firm. However, the hard currency often lies in 

the complex innovation processes and implementation, which often evolves in a reciprocal interaction 

between employees, managers, customers, suppliers, universities and government agencies with 

considerable local learning. The relationship between the firm and a university may be characterized 

along the same lines, as these relations evolve over time, involve personal relations between firm 

researchers and professors at the university.  

Gulati (1999) expanded the theory arguing that the source of value-creating resources and capabilities 

should extend beyond the boundaries of the firm by introducing the concept of network resources. 

From a RBV perspective, these network resources are unique and may enhance the performance and 

innovative capacity of the firm. This logic is easily transferred from firm-firm relations to 

firm-university collaborative relationships.   

Standard and tradable links to universities are easy to imitate, and can hardly serve as a foundation for 

sustainable advantage. Building collaborative relations, on the other hand, may develop into inimitable 

and costly to substitute network resources. Since they often include informal and personal relations, 

these collaborative efforts may be hard to discover in the first place, especially to outsiders. Second, 

lasting relations are characterized by high degrees of trust, which facilitates transfer of tacit knowledge. 

Furthermore, since innovation processes are complex and iterative in nature, collaboration is 

dependent on relationships, mutual interests and reputation, and less guided by a formal structure of 

authority, but rather by networks and relational contracts (Macneil 1980). These contracts have 

another advantage: Academics tend to appreciate projects that are not overly specific, leaving them 

with discretion to the methods and objectives.   

The RBV predicts that firms are motivated to collaborate with universities to access complimentary 

resources. This has been confirmed by empirical findings. Hanel and St-Pierre (2006) claim that 

research activities undertaken in partnership with a university complement, rather than replace R&D 

undertaken by the private sector firms. Partnering with universities may furthermore serve as stimulus 

for future R&D investments in the collaborating firms (Beise and Stahl 1999). To conclude, firms 

collaborate to access complementary resources in order to develop new markets, gain access to 

production and distribution networks, to facilitate learning and capability development, and to address 

issues related to research and technology.   
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3. Research method  

This paper is based on a comparative case analysis approach. We selected three locations that were 

matched in the sense that each location was home to a university based in a relatively small region. To 

obtain variation, locations with respective universities that differ on important dimensions such as 

history, age and size were chosen. Furthermore, locations with different dominating industries were 

selected. We conducted interviews with firms having varying degrees of relations to three universities, 

located in different city regions.   

In principle, the use of a rigorously matched trio should make it possible to move from single 

idiosyncratic cases to a more generalizable causal model. However, in practice even the matched cases 

have many dimensions of difference that do not lend themselves to control. As such, the main benefit 

of comparison is not so much to generalize the findings as to inject greater rigor into the qualitative 

understanding of the cases, particularly by drawing contrasts between them.   

In each location, we conducted about an equal number (5-7) of business and university representatives, 

respectively. We used the same questionnaire for both categories of respondents, as we wanted the 

opinions and reflections from both sides to the same issues.   

The members of the project team were mainly recruited from each of the three universities. Their 

historical and contextual knowledge of key players in the region – both in academia and in business - 

was particularly helpful for the research. At the same time, we made conscious efforts to ensure 

neutrality of our analysis (Markusen 1999). Two researchers participated in each of the interviews to 

ensure reliability. The project manager took part in all interviews. In addition, the project team 

included a member from a university in Sweden. To ensure comparability and sharing of data within 

the project team, all interviews were taped and transcribed. The interviews were then analyzed in a 

joint workshop with the full project team.   

4. Findings and interpretation  

Firms create value from their collaboration with universities when they go beyond formal, 

arm‘s-length relationships and purposefully generate an idiosyncratic combination of resources and 

capabilities. These relationships include relations-specific assets, access to complementary knowledge 

and capabilities, substantial flow of knowledge between the firm and the university, and the effective 

governance mechanisms that reduce transaction costs between them.   

5. Relation-specific assets  

Firms know that universities are different from themselves in many respects. Identifying 

complementarities and realizing the potential for additional value creation require investments in the 

specific relation: “It is important to meet face to face and learn each other‟s different mindsets. In the 

collaboration with a university, there are things you can and ought to do, and things you definitely 

should leave alone. There are visible and invisible borders in both camps”.  
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Firms develop lasting relation-specific assets by establishing joint research centers with a university. 

By their contribution to joint centers, the firm demonstrates a long-term commitment to the 

partnership. An example is COREC (Center of Oil Recovery) which was initiated by an oil company 

to increase the knowledge on improved oil recovery from existing fields through extensive research, 

competence building and education of new students at the University of Stavanger and the research 

institute IRIS. The research projects within COREC have released both public funding and funding 

from other oil companies in the same license. The joint research center has contributed to considerably 

higher reserve estimates for the Ekofisk field and given a boost to the bottom line of the company.  

In some centers with public funding, a larger number of companies participate. Government money is 

more easily accessible when a group of firms or even the entire industry benefit. Under these 

circumstances, it is harder for the individual firm to turn these benefits into a competitive edge: 

―We‘ve had enough of centers. We are very selective as the centers are organized with an arm‘s length 

distance to us in the projects, offering a lack of individual flexibility‖. In these arrangements 

relation-specific assets from the perspective of the individual firm is minimal, and potential 

competitive advantage will depend on differentiated absorptive capacities in the respective firms.   

Relation-specific assets may also arise in so-called joint industry projects (JIP), often used in the oil 

and gas industry. This multilateral form of project organization consists of at least one research 

institution and several firms, along with public financial support. In a JIP, the research institution 

suggests a work program, including scope and cost, on which the firm responds. A joint industry 

project typically has a huge potential and high risk, which is the rationale for participation. The risks 

and costs are shared between a larger number of participants. “Without risk, the upside is limited”. 

Participating students may later become visible on the radar screen for employment in firms through 

the latter‘s sponsoring masters and project work. These assignments may later evolve to lasting 

relationships with the university.  

Start-up firms based on commercialization of university ideas represent a special case. These firms 

tend to cluster around the industries where the local university possesses knowledge and resources at 

the international research front. Firms located in the proximity may develop lasting competitive 

benefits through their personal relations to the inventor at the university. These benefits turn into 

sustained competitive advantage when the inventor also acts as an entrepreneur to set up the firm or is 

hired as a  

consultant. They may not only provide up-dated knowledge, but reputation and goodwill, which 

normally serves a new and unknown company well.   

Universities do not physically move. Their curriculum may change, however. For firms having built a 

competitive advantage by neighboring a university that provides a superior labor market, such 

amendments may constitute some risks. These risks are taken down when the superior knowledge of 

the local university is associated with the unique natural resources in the region. The Arctic University 

in Tromsø specializes in research and commercialization of products and services related to satellite 
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communication and earth observation (proximity to the North Pole), marine biotechnology (cold 

waters), and fisheries. Those resources are there to stay and long-term commitments to collaboration 

with the local university offers a potential to the firms in the region to stay in front of the global 

competition.  

Firms sponsoring doctoral degrees invest in potential future relation-specific assets. Gaining benefits 

from these investments require an on-going contact with the student and the project, which is 

dependent on the capacity and competence in the firm. In our cases, even in large global companies, 

lack of capacity rather than financial resources limits the sponsorship.   

6. Complementary knowledge and capabilities  

University researchers have access to the brainpower of specialized colleagues and bring a different 

perspective than that in corporate environments. They are usually also less vested in commercial 

interests compared to other partners such as suppliers, vendors and consultants who may have their 

preferred solutions to problems (Perkmann and Salter 2012). The potential for complementary 

knowledge is thus substantial. A successful search for a university partner includes two relations: 

finding the right university and the right person or research group. Firms may improve the chances of 

finding universities with relevant, complementary knowledge by having ongoing activities of search 

and screening. Scouts, liaison officers or gatekeepers are concepts invoked to describe dedicated 

internal functions in the firm to identify partners and sources of relevant knowledge and technologies. 

Reputation and prior experience play an important role in this process (Gulati 1995; Powell, Koput et 

al. 1996). A firm‘s position in an industrial network and/or the national or global research community 

can also contribute.   

Some search processes are informal and non-systematic. Having in mind that we focus on 

relationships, search is often initiated at the individual level. Costs are always involved, motivating 

limited search. Turning to his or her own alma mater typically makes a starting point. Some professors 

are constantly visible and highly reputed, which also may demarcate search processes. More or less 

accidental acquaintances at conferences or exhibitions may also initiate lasting relationships. Other 

firms may take on broader and more rational lenses, often searching at the institutional level: which 

university has more  

to offer? Some firms study scientific papers in their screening efforts. It also works the other way 

around when the university on its own initiative markets itself and presents its core knowledge areas to 

firms.   

Identifying complementarities implies discovering common ground. In today‘s economy, firms have 

become more innovation and knowledge driven, which motivates them to seek university 

collaboration. In universities, commercialization is no longer confined to the periphery of campus life 

(Bok 2003). In other words, the language and mindsets have become more similar to that of private 

business, which mitigates the different dominant logics described above. However, firms are not 
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always able to realize the potential complementarities and benefits in joint research projects with a 

university. Differences in time horizons and the degree of openness need to be balanced, and both 

partners need to think through how such rigidities can be turned into mutual benefits. These obstacles 

exist for all firms; competitive advantage may be awarded to those that use their entrepreneurial spirit 

to overcome them.  

One solution is to include significant and research-based customers of the focal firm in the projects. 

Meeting the end customer face to face enables the university-researcher to appreciate how users 

actually make use of new technologies, ambiguities may be sorted out and utilized constructively 

(Brun, Sætre et al. 2008), and the interaction between the developer and the user may increase the 

benefits of complementary perspectives. Idiosyncratic relations to customers or suppliers are utilized 

as a supplement to participation in industry-wide projects. SMB‘s may join industry-wide and 

government sponsored projects, as they do not have the capacity in-house: ―We don‘t have a R&D 

department, and bring the generic knowledge from the joint industry projects to projects with our 

suppliers. We learn to know what we want and differentiate ourselves‖. The joint projects add and 

renew the tool kits in the focal firms, which may combine them to gain competitive advantage.   

The local university is not always able to offer relevant complementarities to the firm. Some firms 

approach the university nevertheless, because the university may connect them to other universities. 

This brokerage role may be important, as the use of the university‘s network reduces the transaction 

costs of the firm and the time to search for knowledge vital to stay in front of the competition.  

Firms also recruit employees with the specific purpose to collaborate with universities and research 

institutions. These efforts enhance the absorptive capacity of the firms and signal to the research 

community that the firm is committed to find novel, science based solutions. Complementarities may 

include more than knowledge generation: ―The collaboration is based on trust and a solid foundation. 

It‘s a win-win situation. The university provides us with a reputation and an image of an innovative 

firm and a constructive contributor to the industry‖.   

Joint firm-university efforts are not limited to bilateral agreements. Several firms or in principle an 

entire industry may be involved in projects with one or a few universities. It sometimes makes sense 

for firms to fund open, long-term research although the knowledge is shared by competing firms. 

Leading industry players, government and the university may become aware that collective action is 

needed to address  

fundamental challenges experienced by the entire industry. The fish farming industry provides an 

example. The industry has several common challenges related to fish health, nutrition, breeding, 

product quality and farming technology.   

It also works the other way around, when a large, well-established firm invites the whole research 

community to explore new frontiers: ―Last year our firm established a comprehensive Arctic program 

where we invited the research community to come up with the right questions to ask as our business 

move north. We will support proposals to how the issues should be tackled. We don‘t know all the 
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questions, and we don‘t comprehend all our needs‖.  

Complementarities and synergies are typically invoked to motivate alliances or mergers. They often 

come with misfits included, however. For firms and universities the search for complementary 

capabilities and knowledge includes a careful review of areas in which the relationship actually has a 

potential of misfits. In the case of firm-university collaboration, there may be complementarity in 

knowledge content and technological solutions, but lack of fit in terms of organizational processes, 

incentives and decision processes. Misfits may occur when both the firm and the university require IP 

rights. Firms competing on unique technology and solutions are particularly vulnerable if these unique 

resources are reduced in value through university collaboration. A large international supplier to the 

energy industry laments: ―We have lost the opportunity to patent because professors had published the 

results on a conference‖. It is interesting to note that the extensive group of businesses that develop 

and supply technology to the oil companies exhibit a different dominant logic (Prahalad and Bettis 

1986) that the oil companies. The former may obtain competitive advantage through the ownership to 

the technology, whereas the oil companies may achieve superior value creation and competitive 

advantage through smarter use of the technology. Hence, it is more straightforward to identify and 

utilize complementarities with the oil companies than their suppliers.  

The interests of firms and universities are highly complementary when they strengthen their respective 

reputations. Through collaboration on cutting-edge research related to the Arctic, firms in Northern 

Norway market themselves and build their reputation as an innovative firm searching new solutions. 

Simultaneously, the university may build an international reputation as they are attracting both 

financial support and partners from renowned global companies. In the competition between 

universities, highly profiled conferences mark their professional territory.   

Misfits may arise in established relations based on informal, implicit contracts when the institutional 

context is altered. Firms used to personal contacts with a selected group of professors may experience 

being referred to a university administration and contract department instead, insisting on ownership 

to the research results: ―The informal communication is crucial. Now, however, the signals have 

changed: The omnipotent administration obstructs collaboration. The university requires complete 

contracts and every hour and activity invoiced. They want to publish and own the knowledge‖. Thus, a 

paradoxical  

situation has evolved: As the universities are required to commercialize and fill their ―third role‖ as 

business developer, they become more difficult to collaborate with for parts of the established 

industry.  

Companies may receive public funding in order to undertake research with a university, but contract 

research is not always straightforward. It does not offer sufficient benefits as two cultures collide: ―We 

want to develop products fast, the university has a slower pace. We expect results; they present 

concept sketches. They present feasibility studies that they think we can develop and commercialize. 

The hours are running with no results‖. In other words, the dominant logics of the firm and the 
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university need to be attuned to each other in order to utilize the potential complementarities. Misfits 

occur when the university and the firm has contrary incentives as when faculty prioritize to publish the 

research results. The trick for managers is to appreciate the longer-term thinking of academics, as it 

may overcome their own tendency to look to the next quarter. ―Going long‖ with academics can 

unlock a range of new possibilities and even create a new innovation ecosystem that may offer 

competitive advantage five or ten years into the future (Perkmann and Salter 2012).  

7. Substantial flow of knowledge between the partners  

In order to utilize the potential of complementarities, knowledge-sharing routines need to be 

established and developed between the university and the firm. Knowledge sharing routines constitute 

a regular pattern of interactions that permit the transfer, recombination or creation of knowledge 

(Grant 1996). In the case of university-firm collaboration, these routines are sometimes highly 

personal, based on trust and tacit knowledge. Personal relations may have a large potential upside, and 

is hard to copy. That is precisely the reason why they may come to an abrupt end if involved persons 

leave. This makes the case for more institutionalized and broader communication channels that 

facilitate knowledge sharing over the long term.   

Establishing joint research centers is a way to institutionalize knowledge sharing and create relation 

specific assets. Routinizing knowledge sharing aid firms and universities to improve their absorptive 

capacity (Cohen and Levinthal 1990). Cohen and Levinthal introduced that concept for the firm as a 

freestanding entity with internal innovation processes. From our perspective, absorptive capacity can 

be conceptualized as a function of the source as well as the recipient (Dyer, Kale et al. 2007), as 

exemplified by the following quote: ―The better academia knows us, the better they see opportunities 

for research through our lenses. With very few exceptions external proposals are highly relevant to us‖. 

Accordingly, partner specific absorptive capacity is an important contributor to knowledge sharing in 

firm-university relationships. Firms may strengthen their absorptive capacity by employing ―scouts‖ 

or ―gate-keepers‖, specialists that monitor and collaborate with research institutes and universities. For 

firms such a capacity developed over time may constitute a sustainable competitive advantage.   

These broad mechanisms of interaction may motivate faculty to approach the firm with relevant 

proposals. In fact, companies intentionally build these relations to harvest ideas from the university. In  

large firms managers may not always know what their employees know, or have the capacity to learn: 

―We want the institutes and universities to find the best resources we have and collaborate with them‖. 

External researchers with excellent working relations to the firm and familiar with their goals and 

strategies may help them out.  

On the other hand, there is a risk that firms fail to absorb the lessons from collaborative projects. The 

firm can mitigate this risk by assigning an internal champion to work alongside the academic partner. 

A large oil company with a substantial number of projects with universities has designated dedicated 

employees to manage the respective relations: ―I have 50 colleagues with the responsibility to monitor 
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and follow up our research programs. No project is initiated without this dedicated person taking 

ownership to the project. If that person quits, and we don‘t find a substitute, we cancel the project. It is 

crucial that we possess a technical expertise that can implement and use the results. This case 

underlines that the firm needs to be present at both a strategic level as well as the technical level.   

In research-intensive industries, the need for knowledge flows between the partners is substantial: 

―Our collaboration with the university is long-term, and is based on personal contacts and trust. We 

have PhD students with supervisors from the university, joint research activities, joint presentations at 

conferences, and joint activities towards the European heart and lung association. There is more 

collaboration and less cash. The university takes part in ―strategic research‖ in the company in a truly 

trustful and open way. They share data and research and produce scientific papers‖. The firm recruits 

from several international and national universities with whom they are engaged in long-term projects. 

Thus, the projects serve as a selection mechanism for new talent.   

Newly established companies based on university research may secure continued access to updated 

knowledge through collaboration with the inventor. When the employees are educated at the same 

faculty as the inventor, trust based relations may ensure resources that are hard to imitate.  

8. Effective governance mechanisms  

Long-term collaborative relationships require effective governance mechanisms. On the one hand, 

contracts and ownership structures are needed to protect both firms and universities from opportunistic 

behavior of the other. With considerable and valuable resources involved and at risk, these issues are 

often settled in a specialized contract department at the university, or the university seeks external 

advice with lawyers. For firms, entering formal contracts represents familiar ground, although 

specifics may occur related to university contracts. However, effective governance structures go 

beyond formalities. Growing and high levels of asset specificity in a relationship are best safeguarded 

through trust and reputation in controlling opportunistic behavior (Gulati 1995) as high interfirm 

innovation related asset specificity create transactional difficulties. Firm performance improves when 

transaction costs are reduced. However, in firm-university relationships knowledge sharing may have 

an even greater impact on the bottom line through technology breakthroughs and new products and 

services.  

Governance structures include both formal contracts and informal mechanisms based on trust and 

reputation both to the university and individuals. A so-called framework agreement is built on a 

formal contract, and may include a larger number of projects. These agreements are scalable, in the 

sense that contracts and routines are developed and then replicated for many underlying projects, 

including contracts on IP rights and publication of results. Framework contracts may both satisfy the 

firm‘s need for time-sensitive projects and results, and the academics‘ preference for longer-term 

relationships and the search for entirely new knowledge.   

Obviously, transaction costs are reduced once the framework is in place. These agreements are used 



 

 238 

both for research and for education of PhD students. The students are generally free to publish their 

results without intervention from the sponsor. There are exceptions, however. There may be limits to 

what kind of internal data the student can publish. It is crucial that contracts regulate repeated behavior 

that may have major impact on the present and future performance of the firm.   

In deep and extensive innovation processes, the exact outcome cannot be defined. Consequently, 

formal contracts are hard to write; and relational contracts (Macneil 1980) are more convenient and 

effective, provided trustful relations. The driver of the partnership is the motivation to share 

knowledge (often including confidential knowledge) and the potential upside in the collaboration. The 

formal contract is there to reduce transaction costs and mitigate against potential breaches of the 

informal agreements.   

The joint industry projects (JIP‘s) described above is another effective governance structure. In that 

structure knowledge is shared across several firms and one or more research institution or university. 

It is an interesting case where competing firms share and create new technology, and common in the 

oil and gas industry. Firms taking individual ownership to technology developed in JIP are the 

exception, not the rule: ―Our firm and two other oil companies decided not to claim ownership. We 

would rather see the entrepreneur (an oil service provider) succeed. Then the new solutions will be 

marketed more broadly. This attitude is a fantastic part of the Norwegian energy industry. The attitude 

of our firm is to research for use, not to own‖. Participating firms in a JIP provide data from their 

respective oil fields. Interpretation of geological data, that is transforming data to usable knowledge, 

constitutes a potential competitive advantage for the oil companies, so the data should not be tied to 

particular companies or oil fields. The extent to which data may be identified is regulated in the 

contract.   

In both JIP‘s and joint centers, the contract regulates the right to publish. Generally, researchers in the 

centers are free to publish, albeit with a requirement from sponsoring firms to approve abstracts, 

sometimes also the papers: ―As a firm, we expect not to be a victim to professorial misconduct. They 

cannot use our logo in their presentations; we do not want to convey the impression that we accept the 

results. If a technical solution turns out to be a failure, our company will in that case run a risk of 

blame. We should only be mentioned as a financial source.‖  

In most interorganizational collaboration efforts, a joint management function or collaboration hub is 

established in order to improve knowledge management, monitor the results and facilitate intervention 

and accountability, and not least provide an arena to discuss new opportunities. The 

―Academia-agreement‖ between Statoil and a few universities includes an organizational entity aimed 

to ensure that these functions are carried out. ―It is a tool to nurture a long and good relationship with 

strategically important universities‖. The long-term collaboration is managed through a committee 

with three members from Statoil and three members from the respective universities. The 

collaboration functions as seed capital for generating more comprehensive centers and new projects. 

The oil company is engaged in contract research with a far larger number of universities; hence, the 
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Academia-contract is exclusive and represents a specific investment with a consciously selected few. 

It serves as an effective governance mechanism through its allocation of resources to prioritized 

activities and faculties. It also facilitates a flow of both strategic and professional knowledge between 

the partners. Internal coordination conflicts between a purchasing department and the R&D unit are 

resolved by lifting decisions into this function. Both education and research activities are included. 

Since several universities benefit from this type of collaboration, the company has an unparalleled 

opportunity to draw on complementarities from a differentiated set of universities.   

As the borders of the firm are becoming more transparent, the parallels between internal coordination 

and coordination of external relationships become more salient. In firm-firm collaboration, the 

relational capabilities can learn from the experience of the firm in its internal coordination 

mechanisms. However, in the firm-university relationship, this may not be straightforward, since the 

structure and culture of the university are different. Partnering with universities where the 

management of the firms was educated seems to mitigate this cognitive distance. Cognitive proximity 

is sometimes a better predictor of firm-university collaboration than geographical proximity. 

Companies with a long history of university collaboration are well acquainted with the reputation of 

the university, so when the university presents proposals for research, the company trusts that 

sufficient competence is available. However, they may assess whether other universities are more 

competent.   

Firms need access to new solutions, not necessarily IP rights; they may be indifferent to whether they 

own a new technology or have an exclusive license agreement. As an exclusive license partner they 

want to influence where the IP-owning firm patents. ―We discussed with a university whether to 

patent. We decided not to, of two reasons: it was hard to define what should be patented, the process 

became too complicated. We could not stand the fuss. We want freedom to operate and put the 

solution to work. Secondly, we seek straightforward routines: if the solutions are developed internally, 

we own the rights, if developed externally we pay to get access. All hybrids are complicated.  Our 

business is to develop and market good products, not administration.‖  

9. Conclusion and implications  

Increasingly, firms need to incorporate scientific and technological knowledge into their innovations. 

To accomplish this objective, business managers need to manage their relations to the universities, 

research institutions and relevant government agencies. In this paper, we have combined the 

perspectives from triple helix with the resource based perspective on firm strategy to analyze the 

potential benefits of university collaboration for firms. This combination offers the opportunity both to 

study the micro foundations of the triple helix model as well as mechanisms that may offer 

competitive advantage at the firm level.   

This perspective departs in many respects from the linear model implicitly guiding much public policy 

on science and the economic incentives for universities. This model suggests that public investments 
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in basic science lead to applied research and new technology, which in turn leads to economic growth 

through commercialization of product innovations and new companies. Based on real cases, this paper 

tells a different story. First, universities have much more complex roles in the knowledge economy 

than assumed by the linear model (Lester 2005; Deiaco, Hughes et al. 2012). Our story is more in line 

with the concept of the engaged university or academic engagement (Perkmann, Tartari et al. 2013) 

The latter is defined as ―knowledge-related collaboration by academic researchers with non-academic 

organizations‖ (p.424). Second, firms need to invest not only in technology, but also in their relations 

to the university in order to identify complementarities and build absorptive capacity both in their firm 

as well as in the university. These relations are broad, and include collaborative research, contract 

research, consulting, teaching, and informal networking activities, and is practiced by a far larger 

proportion of academics than commercialization. In line with triple helix arguments, collaborative 

relations among the three institutions are more the outcome of interaction and search for benefits 

rather than a prescription from government. Secondly, the boundaries between the institutions become 

more transparent as firms and universities build absorptive capacity across their respective borders.   

Value creation from university collaboration requires the firm to develop capabilities to search for the 

right partners (both at the institutional and individual level) and to coordinate activities across the 

organizational barriers. To fully exploit the potential of complementary resources, assets specific to 

the linkage, effective knowledge-sharing routines and governance mechanisms including both 

contracts and trust-based relationships are required. Relational capabilities do come with a cost, but 

they represent vital resources for firms, often hard or impossible to imitate. In particular, they possess 

some of the attributes of causal ambiguity and isolating mechanisms that render them sources of 

sustainable competitive advantage. Market leaders are most vulnerable to imitation or copying, and 

would thus have much to profit by strategically manage their relationships to universities.  Firms 

exposed to tough competition and sensitive to other firms being able to imitate their products, seem to 

prefer bilateral  

agreements with the university: ―We want a close relationship based on trust. We need to trust the 

university that they don‘t steal our ideas. For many years we have collaborated successfully with NN 

University‖.   

Not all firm-university relationships are successful. The firm and the university may be too far apart to 

explore and exploit complementarities in knowledge and routines. Furthermore, not all collaboration 

with academia is motivated by competitive advantages in the individual firm. Some industries may 

have common challenges in meeting regulatory requirements or environmental issues, so it makes 

sense to build an industry commons. In addition, joint research projects are generally more attractive 

for the government to support, as knowledge is shared and not patented by individual firms. In these 

projects, the university does not only provide knowledge and technology, but acts as a knowledge and 

financial broker between the government and the industry. Under these circumstances, it is hard for a 

firm to capture idiosyncratic knowledge.   
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The university may create benefits for the firms through broad initiatives at the regional level. The 

obvious example is its traditional role in supplying talents to the regional labor market. Corporate 

managers stress the need for talent and human resources and emphasize the role for universities not 

only to educate candidates, but also to attract talent to the region in the first place. Secondly, some 

managers argue that the university should serve as a public space for ongoing or potential 

conversations about the future direction of technologies and markets. To illustrate, firms need to take 

consideration of climate change, an issue so complex that firms with fewer resources need help to 

establish facts. Universities, with their international network and participation in the international 

knowledge frontier, are well equipped to sketch future scenarios for the firms. Ongoing conversations 

with the university may help firms to carve out competitive and sustainable strategies in a fast moving 

global economy. Furthermore, some universities shoulder the role as director and coordinator of 

regional knowledge development and sharing, by acting as leaders of local clusters of related firms.  

Collaborating with universities is an activity in which firms learn from experience and develop 

broader and deeper ways of mutual engagement. Firms that invest early and extensively in university 

relationships may achieve sustainable competitive advantage. It is a well-established fact that new 

knowledge builds on prior knowledge. The more knowledge that resides within a firm, the better 

equipped the firm is to acquire and absorb new knowledge. If new knowledge is turned into 

innovations, a firm consequently may develop a stream of innovations providing both new products 

and services, as well as novel processes to make productivity gains.   

10. Policy implications  

Today the third role of universities is measured by a limited set of activities such as patents, licenses 

and start-ups of new companies. These proxies can be misleading and attract attention away from the  

real mechanisms and impacts on business innovation. Government and policy makers should 

appreciate the breadth and depth of value creating relationships between universities and firms, and 

develop incentives that motivate universities to engage more in such relations. When part of the grants 

from the state is performance based, not only patents and licenses should count, but include the 

broader engagement with industry.  

University strategies for regional development will have stronger impact if the specifics of the firms 

and the region are taken into consideration.  

11. Directions for further research  

This paper is based on three case studies of Norwegian universities, and the results cannot be 

generalized without further studies form other contexts. More studies are needed to get a firm grasp on 

what really goes on in a triple helix ecology and the mechanisms used to build and utilize their 

relationships. Such studies should include the effectiveness of formal and informal institutions and 

how incentives (or lack of) impact the degree of and the outcome of the collaborative efforts.  
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Abstract： This paper investigates an emerging concept of an innovation platform, which may be a 

relevant concept especially for fast-developing countries because a majority of the definitions related 

to it often contains qualities like open, agile and cost-efficient. Innovation platform has been 

acknowledged in both academic literature (Consoli & Patrucco, 2008; Cooke & De Laurentis, 2010; 

Asheim, Boschma & Cooke, 2011; Uotila, Harmaakorpi & Hermans, 2012; Bathelt & Cohendet, 2014) 

and in public policies (e.g. Vinnova, 2009; European Comission, 2013; Finnish Ministry of 

Employment and the Economy, 2014). The concept remains fuzzy due to various parallel definitions, 

as well as a lack of definitions when used as a substitute to some related term. However, innovation 

platform seems to be an emerging concept related to open, democratic and user-driven innovation 

economy, and often embedded to wider urban and local development processes. Therefore, it is worth 

looking into in detail. Innovation platform is renewing and widening the Triple Helix Model. Thus, 
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this literature review offers a fruitful soil to frame this discussion.  

The innovation platform is in the need of a deeper scrutiny and a formulation of a more solid 

definition(s). This paper addresses the gap in the innovation and Triple-Helix literature and sets to 

study innovation platforms conceptually in order to systematize its use as a model in research and 

policy-making. The paper investigates what is new and different between various concepts on  

innovation platforms. The position among intermediaries, clusters, incubators or science parks and 

other related concepts should be clarified in the course of the exercise.  

The aim of this paper 

is to make sense of the various innovation platform concepts and to develop a framework of the 

different roles and functions of innovation platforms in university-industry collaboration from the 

Triple-Helix perspective. The research question of this paper is: How do you recognize an innovation 

platform when you see one? (c.f. Markusen, 1996) i.e. How to define and positon the concept of 

innovation platform?  
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1 Introduction  

Innovation platform is an emerging concept in both recent academic literature (Consoli & Patrucco, 

2008; Cooke & De Laurentis, 2010; Asheim, Boschma & Cooke, 2011; Uotila, Harmaakorpi & 

Hermans, 2012; Bathelt & Cohendet, 2014) and in public policies (Vinnova, 2009; European 

Comission, 2013; Finnish Ministry of Employment and the Economy, 2014). In the Triple Helix 

Model, innovation platform may be a relevant concept especially for fast-developing countries 

because a majority of the definitions related to it often contains qualities like open, agile and 

cost-efficient (e.g. Rannikko & Kajanus, 2014; Consoli and Patrucco, 2008;  Lazzaretti, Capone & 

Cinti, 2010).  

The emergence of university-industry-government interactions – the Triple Helix – can be identified 

as a key factor in regional development (Etzkowitz, 2005) as the concept has been used as an 

operational strategy for regional development and to enhance the knowledge-based economy 

(Leydesdorff, 2013). The Triple Helix Model emphasizes the importance of network relationships 

among academia, industry, and government and states that universities can play an enhanced role in 

innovation in knowledge-based societies (Etzkowitz & Leydesdorff, 1998, 2000; Etzkowitz, 2000; 

Leydesdorff, 2000; Leydesdorff, 2006; Leydesdorff & Meyer, 2006).  

Discussion on innovation platforms is related to innovation intermediaries (e.g. Howells 2006; Wise 

2014). Especially Cohendet, Grandadam, Simon and Capdevila (2014) have raised to issue of the 

importance of a `middleground ` in local knowledge creation processes. They see that the 

middleground as an intermediary offers a platform for innovation communities that connects 

indivuduals with organizations and institutions (Cohendet et al., 2010, 2011; Gradadam et al., 2013). 

Hereupon, operating strategically on the interface between the public and the private sector, 

innovation platforms offer infrastructures that enable the links between universities, industry and 

government to be strengthened. Therefore, innovation platforms seem to offer cost-efficient and 

effective models for the Triple-Helix model, which makes an innovation platform an interesting object 

of study.  

The aim of this paper is to make sense of the various innovation platform concepts and to develop a 

framework of the different roles and functions of innovation platforms in university-industry 

collaboration from the Triple-Helix perspective. The paper will do so by reviewing the existing 

literature of innovation platforms and concepts related to it and then analyzing them to map 

similarities and differences in the concept and related terms. This will help in answering the research 

question of the paper: How do you recognize an innovation platform when you see one? (c.f. 

Markusen, 1996) i.e. How to define and positon the concept of innovation platform?  

The analysis of this paper will focus on (1) openness of innovation platforms (to whom is the platform 

open to and how are the participatory models in the platform build and who do they encourage to 

participate); (2) the stage of the innovation process (exploring/examining/exploiting); (3) in what level 

is the innovation platform discussed (abstraction; policy; micro vs. theoretical).  
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This paper proceeds according to the following: the second part of the paper will discuss the 

theoretical frame and relevance of the paper. Also the methodology of the paper will be introduced. 

The third part focuses on the literature review discussing the different dimensions the concept of an 

innovation platform has. The last part discusses the importance of the concept as an emerging one in 

the Triple-Helix –model and connects is to a wider academic and policy discussion, also some 

conclusions are made.   

 2 Theoretical frame and relevance  

 2.1 University-industry interface  

Etzkowitz ś Triple Helix Model (2000) has become the leading analytical tool for 

government-university-industry relationships. The Triple Helix model will be used to analyze the 

concept and variations of innovation platform. Applying the Triple Helix Model at the regional level 

of co-creation and open innovation will help to understand how innovation platforms may bring actors 

together and facilitate innovation activities.   

The Triple Helix Model emphasizes the importance of network relationships among academia, 

industry, and government and states that universities can play an enhanced role in innovation in 

knowledge-based societies (Etzkowitz & Leydesdorff, 1998, 2000; Etzkowitz, 2000; Leydesdorff, 

2000; Leydesdorff, 2006; Leydesdorff & Meyer, 2006). The model was firstly introduced in 1995 by 

Etzkowitz and Leydesdorff and has been used wildly in academic literature since then, especially in 

the context of knowledge-based economy and innovation (e.g. Leydesdorff, 2006; Jacob, 2006, 

Etzkowitz, 2008).  

The emergence of university-industry-government interactions – the Triple Helix – can be identified 

as a key factor in regional development (Etzkowitz, 2005) as the concept has been used as an 

operational strategy for regional development and to enhance the knowledge-based economy 

(Leydesdorff, 2013).  

According to Etzkowitz and Klofsten (2005) the common objective of knowledge-based economic 

development in the world is the creation of an innovating region. They characterize an innovating 

region as having the capability to move across technological paradigms and periodically renew itself 

through new technologies and firms generated from its academic base. Furthermore, an innovating 

Region requires multiple knowledge bases to be able to renew itself. (ibid, 2005.) While knowledge 

production used to be located primarily in scientific institutions and structured by scientific disciplines, 

its locations, practices and principles are now much more heterogeneous (Gibbons et al., 1994).  

The construction of an innovating region is highly dependent upon building a network of public and 

private actors within the innovation ecosystem that may form entities, which can provide new 

expertise and knowledge. The importance of these networks and linkages between different  

geographical spaces and systems of innovation (local, regional, national and global levels) had been 

highlighted in academic literature (Bunnel & Coe 2001, Freeman 2002, Asheim & Isaksen 2002, 

Bathelt et al. 2004, Amin & Cohendet 2005, Cooke 2005).  
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Etzkowitz & Klofsten (2005) argue that knowledge-based economic development can be traced to 

specific actors, typically operating in collaboration with each other.  

These linkages are important because they increase knowledge spillovers and learning, strengthen 

absorptive capacity, and provide companies with helpful input from related actors (Wise 2014)  

Innovation policy may play a role in strengthening linkages and fostering learning processes between 

actors and between specialized nodes (Wise, 2014) constructed regional advantage (Asheim, Boschma 

& Cooke, 2011)  

Creation of international links between agents located in different countries is necessary, as not all 

parts of innovation process are mobile (such as infrastructure) (Wise, 2014, 53).  

The transition to a knowledge-based society is the basic premise of the Triple Helix Model (Etzkowitz 

& Klofsten, 2005). The objective of the Triple Helix Model is the identification of the specific 

mechanisms and institutional relationships (Bakkevig & Jakobsen, 2003). This objective offers a 

frame to observe innovation platforms in knowledge-based economic regional development.  

2.2 Knowledge intermediaries and spatial proximity  

Discussion on innovation platforms relates to innovation intermediaries (e.g. Howells 2006; Wise 

2014). Cohendet, Grandadam, Simon and Capdevila (2014) discuss the importance of a 

`middleground  ́ to local knowledge creation processes. They describe that these intermediaries are 

platforms for communities that link creative individuals with formal organizations and institutions 

(Cohendet et al., 2010, 2011; Gradadam et al., 2013). Providing the necessary cognitive structure to 

make creative material economically marketable and viable is relevant for their analysis (Cohendet et 

al., 2014). Moreover, Steward and Hyysalo (2008) argue that innovation intermediaries develop, 

control and disseminate knowledge, collect and disseminate financial, technical and institutional 

resources, and attempt to regulate uses, development, participation and the actions of others in the 

innovation network. Operating strategically on the interface between the public and the private sector, 

innovation platforms may offer such infrastructures.  

Howells (2006) is among earlier contributors focusing on the issue of intermediation and the role of 

intermediaries in innovation process. He points out that there has been a growing need on pointing 

attentions to the direction of nodes and links in innovation processes as innovation has become more 

open or distributed over time and collaboration has been emphasized. Understanding and analysing 

these processes is essential in order to understand the interdependent relations of individuals, 

communities and organizations in knowledge creation processes (Steward & Hyysalo 2008).  

Steward and Hyysalo (2008) have also used the concept of innovation intermediaries by which they 

mean actors who create spaces and opportunities for appropriation and generation of emerging 

technical or cultural products by others who might be described as developers and users. Steward and 

Hyysalo argue that innovation intermediaries may be identified by their engagement in activities, in 

which they gather, develop, control and disseminate knowledge, collect and disseminate financial, 

technical and institutional resources, and attempt to regulate uses, development, participation and the  
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actions of others in the innovation network. They describe that these intermediaries may be 

organizations, or individuals grounded in an institutional, technical and often physical context that 

facilitates their activities.   

In her dissertation published in 2014 Emily Wise has highlighted the role of innovation intermediaries 

as serving as extra catalyst to and as facilitators of interaction and collaboration. As Wise (2014) 

pointed out, intermediary institutions may offer a policy response to the lack of linkages and 

interactive learning between actors or as an effort to catalyze stronger linkages and interactive learning 

processes. “This positions innovation intermediaries as one of the alternative policy mechanisms that 

can be used to strengthen linkages and interactive learning processes.” (ibid, 24.) Innovation 

intermediaries are part of the innovation support system and they play an important role in 

strengthening linkages and fostering learning processes and collaboration between actors (ibid, 56). 

This definition positions also the concept of innovation intermediary important when conceptualizing 

innovation platforms.   

Also Cohendet, Grandadam, Simon and Capdevila (2014) have emphasized the importance of a 

`middleground  ́ to local knowledge creation processes. In their work they describe epistemic 

communities in the local context dynamically shaping the knowledge creation process and evolving 

interaction of different community members that enables knowledge to transit from its locus of 

emergence to the global market. (ibid., 2014.) In their earlier work, they have described that these 

intermediaries are platforms for communities and groups of individuals that link the informal creative 

individuals with the formal organizations and institutions (Cohendet et al., 2010, 2011; Gradadam et 

al., 2013). Therefore, the middleground/intermediaries/platforms contributes to the process of 

knowledge creation, by facilitating the codification of new knowledge and, therefore, by providing the 

necessary cognitive structure to make creative material economically marketable and viable. They see 

the intermediate layer as the key in building creative technologies. In the contexts of creative spaces, 

the dynamics of new ideas is enhanced, nurtured and boosted by the existence of the intermediate level. 

They argue that the middleground offers communities diverse opportunities for the development, 

enhancement, and validation of innovative ideas, which may become potential foundations for the 

establishment of economic applications that may enter the market for new industrial or artistic 

products or services.  

Howells (2002) argues that geography has a profound influence on knowledge and learning processes 

by shaping individuals  ́ self-knowledge and interpretation frames by influencing human interactions 

and learning processes undertaken with others and by constraining access to externally acquired 

information. Geography and spatial proximity provide exposure and ease of communication.   

Spatial proximity is a natural enabler of interaction between actor groups. It increases knowledge 

spillovers and learning. (Wise 2014, 53.) Spatial proximity enables the exchange of tacit knowledge 

and development of absorptive capacity. In addition, it provides opportunities for social interaction as 

it strengthens collaboration between dispersed entities. Even though, spatial proximity offers a natural 
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counterforce to the complexities of the innovation process, many innovation systems include 

intermediary institutions as an extra catalyst to and facilitator of collaboration (Howells, 2006; 

Steward and Hyysalo, 2008). Institutional infrastructures (including actors such as innovation 

intermediaries) at different spatial levels may provide structures and services to support innovation 

processes. Particular in the case of international innovation processes, there is a value in having a 

neutral platform that provides both strategic goals and stable institutional norms to help facilitate 

collaboration. (Wise 2014, 44.)  

Co-creation (Prahalad & Ramaswamy, 2004), innovation clustering (Etzkowitz, 2005) and open 

innovation (Chesbrough, 2003) are the popular concepts of the innovation spaces of today. As a result, 

specific public or private real-life environments are created to help, support and enable developers to 

come up with new ideas and concepts. Innovation platforms are amongst the new concepts emerging 

but there are also other related terms that involve co-creation, innovation and spatial dimension of 

knowledge creation. These include at least science parks, business incubators and clusters.  

Science parks may be defined as areas that are managed in a manner designed to promote innovation. 

Characteristic to science parks is that they are located in a physical place which usually supports 

university-industry and government collaboration with the intent of creating high technology 

economic development and advancing knowledge. Science park may also be called with concepts such 

as university research park or technology park. The appropriate term typically depends on the type of 

affiliation the parks has with an institution of higher learning and research, and also perhaps the sort of 

science and research in which the park's entities engage (Cabral & Dahab, 1993.)  

Business incubators may be defined as organizations designed to accelerate the growth and success of 

entrepreneurial companies through an array of business support resources and services that could 

include physical space, capital, coaching, common services, and networking connections. Business 

incubation programs are often sponsored by private companies or municipal entities and public 

institutions, such as colleges and universities. Their goal is to help create and grow young businesses 

by providing them with necessary support and financial and technical services.  Business incubators 

differ from science parks/research/technology parks in their dedication to startup and early-stage 

companies. Whereas science parks tent to focus on large-scale projects that take care of everything 

from corporate, government or university labs to very small companies, incubators focus on the 

small-scale activities.   

A business cluster is a geographic concentration of interconnected businesses, suppliers, and 

associated institutions in a particular field. Clusters are considered to increase the productivity with 

which companies can compete, nationally and globally. In urban studies, also the term agglomeration 

is used. (Porter, 1990; 1998.) Traditional clusters policies have Institutional focus as they use local 

universities and corporations as drivers. They focus on mobilization of networks to create R&D 

projects and may be characterized by the selection of winners and funding of unique ‖product‖ 

projects. Clusters are funded by the public sector whereas for example innovation platforms seem to 
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rely on different kinds of funding forms. These, as well as the other distinctive characteristics of 

innovation platforms will be discussed later in this paper.   
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2.3 Policy relevance  

This section will discuss the emergence of innovation platforms in policy-making. In addition, it will 

discuss how innovation platforms have been identified and conceptualized in policies (e.g. OECD, 

Vinnova, Sweden, The SixCity Strategy, Finland). It will also set the policy discussion on innovation 

platforms into a timeframe starting from 2005 when it started emerging in OECD reports.  

Platform-based policy initiatives have been strongly promoted by organizations such as OECD, EU, 

World Bank, different development agencies and aid organization across the world. In many cases, in 

context of developing countries and emerging economies. In these initiatives, also the 

university-industry-government –initiatives are addressed to engage different actors to innovation or 

any development activities. Innovation platforms have been recognised as mechanists to strengthen 

this  

collaboration. This is well reflected in how the OECD (2005; 2012) has promoted open innovation 

platforms in its policy reports, as a new form of institutional co-operation that may bring together 

private and public actors to boost innovation environments. OECD has also been involved in joint 

projects with the World Bank e.g. in the Innovation policy platform (IPP) initiative. The aim of the 

Innovation policy platform is to provide policy practitioners around the world with a simple and 

easy-to-use web-based tool, supporting them in the innovation policy-making process. This is done by 

facilitating collective learning about innovation policy, both conceptual and how-to aspects, tailored 

especially to the needs of developing countries.  

The European Commission has been involved in many initiatives promoting innovation platform 

approach that bring different stakeholder together not only in the European countries but also for 

example in Africa, where it has been working in cooperation with different organizations i.e. The 

International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), which is a non-profit, 

non-political organization that conducts agricultural research for development in Asia and sub-Saharan 

Africa; CRIS, one of the largest Research, Development and Innovation organizations in Africa and; 

Development Bank of Southern Africa (DBSA). The main goal of these initiatives is to operate as an 

orchestrator of activities related to regional development in selected regions together with the local 

organization. The initiatives may either promote web-based open platforms to include different actors 

to decision-making processes, or more practical solutions, that bring relevant stakeholders around the 

same table to discuss possible common aims and how they may be reached with collaboration. 

Characteristic to these cooperation is, that none of the actors could reach the outcomes singlehanded, 

but as a community or a group, the outcomes benefiting all actors, may be achieved.  

Development agencies such as The Swedish International Development Cooperation Agency (SIDA) 

and The International Development Research Centre based in Canada (IDRC) have also been 

supporting innovation platform initiatives in the developing countries. In addition, Australian AID has 

been supporting agricultural innovation platforms in Africa together with local organizations there. 

The Ministry of Foreign Affairs of Finland has supported platform-based initiatives in Asia and the 
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Pacific, too. The aim of all these initiatives in short, is to introduce local communities participatory 

models and active them into collaboration with each other. The idea is to share information on how, 

engaging different actors inclusively to work around a common goal, it may give strengths to the 

whole community. These platforms are usually built on real-life scenarios dealing with for example 

agriculture.  

Vinnova, the Swedish Funding Agency for Innovation has published a report under the name The 

Innovation Platform (2009). According to their definition innovation platform means the same as the 

process through which the system may shift focus from growth to renewal or from renewal to growth. 

Innovation platform according to their definition is thus, the interlink between two kinds of dynamics:  

the transition of main focus from growth to renewal, and the transition of main focus from renewal to 

growth. Innovation platform is the governance of the intersection between the two main processes of 

exploration and exploitation in the innovation system.   

In 2015, The Six City Strategy (2015-2017) was launched in Finland. It involves the six biggest cities 

in the country and illustrates the newest trend in Finnish policy making: The strategy is the first one in 

Finland to focus on open innovation platforms as incubators for economic growth and public sector 

renewal. The Six City Strategy illustrates a bottom up development as the strategy is fostering the 

renewal of national policy through the six cities as the key change agents and facilitators of the policy  

implications. The strategy is nationally significant: the six largest cities in Finland are home to some 

30% of the population. The highest decision making body of the strategy is the board of directors that 

consists of the representatives of the six cities. This assures that the strategy improves the service 

processes of all cities involved and their functionality over municipal borders. The utilisation of the 

largest urban regions as development environments for new innovations also strengthens Finland‘s 

competitiveness. The strategy involves universities, industry and government working for a common 

goal.  

The examples provided above, describe the variety of organisations involved in promoting 

platform-based approaches throughout the world, as different inclusive approaches have been 

implemented not only in the developed countries but also in the developing ones. Open innovation 

platforms may also work as urban development tools, as they do no necessary have to promote only 

new ITC solutions, but they may try to find solutions to meet with any regional needs, in fields such as 

agriculture, too. Also in these cases, innovation platforms have been formed to bring different 

stakeholders together to form communities, share experiences and come up with new solutions to 

benefit the whole community. Even though many of the initiatives promoted globally have similar 

characteristics, the concept of an innovation platform has still remained fuzzy and the need of further 

conceptualization is important for the concept to be used as a more structured tool in policy-making.  

Based on policies of innovation platforms, it may be said that they seem to offer problem-solving 

solutions in the form of co-creation, crowdsourcing and participatory policy-models depending on 

which organization or institution is responsible of launching the innovation platform. The practice in 
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innovation platforms is that the problem solving focuses on application and distribution. Innovation 

platforms offer solutions for various actors. The same logic is applied in all of them. Innovation 

platforms may be roughly divided into four different types of platforms:  

(1) Private sector (product platforms for open and cost-efficient product development).   

a. For enterprises, innovation platforms offer a space for co-creation of ideas cost-efficiently. At the 

same time may enable the company ś staff to participate more firmly into the company ś innovation 

process. This way innovation platform may also be a part of integrating staff to the company ś 

decision-making.   

b. From an industry perspective innovation platforms offer a way to strengthen the whole industry by 

bringing different actors together to solve common problems. This way the knowledge of individual 

actors may be increased to benefit all.  

c. Hybrid-models of innovation platforms increase knowledge of participants in an innovation 

platform. In these models, innovation platforms enable capacity and capability building among 

individuals participating.  

(2) R&D organizations (technology development platforms for stakeholders to see the big picture).  

a. They gather different actors together to work towards a common agenda.   

b. They may enable joint resources (machinery, staff, research) in order to reach these goals more 

defiantly. In addition, tasks may be divided for different actors.  

(3) Development agencies and NGOs (social innovation e.g. climate and other environmental issues).   

a. Platforms enable stakeholders to influence policy-making and development activities.  

b. There may be workshops to include all relevant stakeholders to the process.  

(4) Local/regional/national government bodies (urban development: policy-tools for participatory 

models and cost-efficient and effective solutions).   

a. In the context of urban development, innovation platforms enable citizen participation. In addition, 

they offer cost-efficient and effective solutions to problem solving.   

b. These participatory models enable co-creation and crowdsourcing –like methods and increase 

out-of-the-box –thinking.   

In common to all these models, seem to be that innovation platforms offer agile, cost-efficient and 

effective problem-solving tools. They are open (or at least bring together a variety of actors) and thus 

enable out-of-the-box –thinking and nourish new idea generation.   

2.4 Methodology (TBC)  

This paper is based on a literature review and it aims at conceptualizing innovation platform better to 

use it as a more structured concept in research. Next, we will provide a cross-section of the literature 

concerning innovation platforms. The illustration will show how the concept has rather diverse 

meaning in literature and how the concept needs to be systematized in order to use is as a more 

structured concept in research analysis and as a more formalized policy-tool. This section also shows, 

how there are some at least partially overlapping concepts which come close to that one of innovation 
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platform with their meaning.  
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3 Literature review: Diverse and manifold innovation platform  

Theoretical background of the concept innovation platforms emerges from product platforms (e.g. 

Sundgren, 1998; Mäkinen, Kanniainen & Peltola, 2013). The initiative of product platforms springs 

from that planning of new product development had become increasingly difficult. Therefore product 

development started to build platforms to interlink supplies, distributors, developers, etc. together. The 

competitiveness of these ecosystems relies on members utilizing the shared platform for their own 

performance improvement, especially in terms of developing new valuable offerings for end users. 

Therefore, managing the development of the platform-based applications and gaining timely end-user 

input for new product development are of vital importance both to the ecosystem as a whole and to the 

developers.   

The idea and model of innovation platforms has been lead from this contemplation. However, even 

though the logic behind the concepts is the same, they must not be confused as the innovation platform 

discussed here has been created a as a policy-tool and for development purposes.   

Maybe the most advanced categorization of innovation platforms, in the form discussed in this paper, 

so far is done by Bathelt and Cohendet (2014) with their local platforms of knowledge as the cover 

most of the dimensions discussed above. They point out that there has been relatively little research 

over co-creation processes of knowledge through communities that meet in physical spaces. In recent 

years, different types of spaces have been identified as local platforms for knowledge creation related 

to concepts such as ―co-working spaces‖, ―maker spaces‖, or, ―co-design labs‖. One niche of these 

platforms is not targeted at commercial goals (like hacker spaces). Second type of these platforms 

represent organizational initiatives that focus on accelerating the process of collective creativity  

towards a commercial solution (like co-design laboratories). Third type of platform is open to the 

general public and encourages the participation of citizens (like living labs) or targets at a specific 

group of actors such as entrepreneurs sharing co-working spaces. (ibid, 2014.) As Bathelt and 

Cohendet (2014) point out, the processes of knowledge creation through these platforms, as well as the 

dynamics between actors, have not yet received much attention in the literature. Especially the 

physical space –aspect is rather invisible in the recent literature. Definitions of innovation platforms 

are more focused on clusters, networks and contact via technology than something that Bathelt and 

Cohendet (2014) describe as local platforms from knowledge creation. This observation offers a point 

of departure also to our work.  

Well-known type of innovation platform in recent literature is an open innovation platform, that has 

been considered as a tool for firms to gain knowledge outside their own organization. Platforms may 

be online tools, to which users are free to contribute to. In this meaning open innovation platforms 

relate also to user-innovation (see e.g. Chesborough 2011). Rannikko and Kajanus (2014) introduce a 

definition of an open innovation platform that provides experimental environments to enhance 

development capability, and strengthens the area by creating and forming personal ties between 

entrepreneurs and universities. According to their definition open innovation platforms is able both  
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to attract creative entrepreneurs, and to help them prioritize development activities and offer them with 

suitable students teams (in the university context) to foster the firm ś development. In addition, 

potential student teams may be attracted by offering them practical learning experiences and potential 

future earnings. In these cases open innovation, rather than a platform, characterize the phenomenon. 

There are some scholars who emphasize other dimensions of platforms than open innovation, e.g. 

related variety and spatial settings.  

Consoli and Patrucco (2008) concentrate on innovation platforms as a case of technology 

infrastructure operating in the interface between the public and private sectors. According to them 

“Innovation platforms are systemic infrastructures for the organization and coordination of 

distributed innovation processes that feature high degrees of complexity” (ibid, 702). They argue that 

that justification for innovation platforms stem from the assumption that they maximize the variety of 

contributions from diverse knowledge base with the minimum level of hierarchy. In their definition, 

innovation platforms enable capacity- and capability building for individuals, teams and organizations 

by bringing together a relevant composition of agents within an industry. This supports specialization 

and the accumulation of specific knowledge.   

Asheim, Boschma and Cooke (2011) see platforms approaches as a tool to renew government 

mechanisms. They are constructing regional advantages by bringing together the concepts of related 

variety, knowledge bases and policy platforms. According to them platform-based, models enable 

related variety that links knowledge spillovers to economic renewal and regional growth. Further, 

Lazzaretti, Capone and Cinti (2010) define innovation platform as “a tool of local policy and 

governance meant for the planning and implementation of a regional innovation system (RIS) with a 

sustainable and long-lasting competitive advantage” (ibid, 28). According to them, the foundation of 

regional development policies may be driven with the establishment of technology platforms as they 

strengthen industrial sectors and related variety in the area.  

Also Uotila, Harmaakorpi and Hermans (2012) emphasize the power of related variety. They define 

the concept of an innovation platform close to the one of a development platform, and describe that 

the central power of these may be found in exploiting distance as innovation potential, but synergy in 

the platforms is emphasized in terms of related variety. Even though they find the two concepts to  

be partially overlapping, they do make distinctions between them, too: The concept of a development 

platform is bound to the institutional settings of a region and, therefore, can be a useful tool in 

exploring existing business potentials in diverse regional resource configurations. While the concept 

of innovation platform is related to clusters, even though is does have features distinguishing its basic 

logic from cluster policy, too. Whereas Uotila et al. (2012) also find that the regional innovation 

platform concept is related to the concept of clusters, Cooke and De Laurentis (2010) describe the 

platforms of innovation precisely by making a distinction between them and a cluster and sector. 

They see platforms of innovation as a continuum to clusters and find innovation platforms comparable 

to them. They recognize platforms of innovation as policy-tools and link them to utilizing knowledge 
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flows in the new economy.  

Third discussion providing characteristic to innovation platforms is their aim to solve the problem of 

proximity and distance (Uotila et al. 2012). They offer a tool to combine different regional knowledge 

resources. Raunio and Kautonen (2014) suggest innovation platforms may also provide a greater 

emphasis on students  ́ role in innovation processes due to students  ́ role in universities, which are 

connected to innovation platforms and to regional innovation activities. Innovation platforms may 

contribute to students  ́competence building, too (ibid 2014). In case of illustrative examples this view 

holds. Moreover, platform-based models and community- approaches may provide more efficient and 

self-sustaining linkages between regional innovation activities that are located in different countries 

than the more traditional policy models (ibid 2014).  

Furthermore, there has been research conducted in fast-developing countries about innovation 

platforms. In China research angles have been manifold: Xinji (2009) has concentrated on the training 

of students' innovative spirit and practical ability through innovation platforms. Also Song, Yang, Lei 

and Zhang (2007) have focused on increasing students  ́practice and innovation ability through science, 

technology and innovation platform, whereas Wang and Hu (2007; 2009) have drawn their attention to 

industrial technology innovation platforms, which they define as ―a shared, integrated and systematic 

support system‖. According to their research, these platforms work as a service for certain industries. 

Zhang, Chen, Li, and Xu (2007) have conducted research on regional platform for innovation to serve 

as a tool for regional development.  

 4 Discussion and conclusions  

This paper has discussed innovation platforms as an emerging concept, which may be a relevant 

concept especially for fast-developing countries because a majority of the definitions related to it often 

contains qualities like open, agile and cost-efficient. The theoretical frame of this paper has been built 

from the perspective of the Triple Helix –model and literature on intermediaries. Innovation platform 

has also been widely acknowledged in policy-making it appears as a policy-tool all around the world. 

However, even though the concept has been widely used in both academic literature and in policy 

reports, the definition still remains fuzzy. Moreover, the possibilities of the concept are at some stage 

yet to be discovered and they depend on definition(s) that will position the concept among the several 

parallel and closely related concepts. What makes innovation platform different from other related 

concepts such as science parks or networks? The aim of this paper has been to understand how 

innovation platform may be recognized, and how they may be defined and positioned.  

The analysis of this paper has focused on (1) openness of innovation platforms (to whom is the 

platform open to and how are the participatory models in the platform build and who do they 

encourage to participate); (2) the stage of the innovation process (exploring/examining/exploiting); (3) 

in what level is the innovation platform discussed (abstraction; policy; micro vs. theoretical). The 

literature review showed that innovation platforms are always open to specific group of actors, who 

the platform involves in its activities with a certain process. While this process defines the platform, it 
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also defines to whom is the platform open to. There stage of the process may evolve during time but 

the stage strongly suggests the outcome of the innovation platform. (Value is added to knowledge by 

exploration, examining and exploitation.) In addition literature reveals, that innovation platforms in 

academic literature are often discussed in a rather abstract level whereas policy reports also provide 

more micro-level approaches.   

The literature review conducted in this paper shows, that the research field on innovation platforms is 

still rather fuzzy and scarce. However, it may also be said according to policy reports and a literature 

review that innovation platforms seem to take a facilitators‘ role in regional development by providing 

opportunities to others, educating, gathering and distributing resources, influencing regulations and 

setting local rules. There are elements that are common for the most definitions based on the literature 

review and findings from policies that make innovation platforms distinctive from other related 

concepts. Innovation platforms may be recognized from that they:  

are open, agile and cost effective policy-models (that may be suited especially for fast-developing 

countries);  

act as facilitators by ―creating spaces‖ of various types: social, cultural, economic (providing funds), 

and regulatory (creating rules to guide activities and reduce uncertainty);  

offer a space for innovation communities to emerge;  

operate strategically at the interface between the university and industry;  

enable capacity- and capability-building for individuals and teams participating them, frequently 

emphasis on student participation;  

enable local or ―translocal‖ connecting activities over space as mean to access global knowledge;  

are more physical or network like settings.   

Innovation is an interactive learning process that is executed naturally by geographic proximity (Wise 

2014). It entails the coordination of distributed knowledge across diverse organizations. When planned 

carefully, innovation infrastructures provide innovation systems with governance mechanisms to 

create and sustain complementarities across otherwise dispersed competences. Innovation platforms 

may offer such infrastructures. Operating strategically on the interface between the public and the 

private sector, innovation platforms enable capacity and capability building for individuals, teams and 

organizations (Consoli & Patrucco 2008).   

Literature on innovation platforms so far see innovation platforms as spaces that bring together a 

global composition of talents, and tools that, not only strengthen international linkages, but also 

participate to global knowledge creation processes. Characteristic to innovation platforms is their aim 

to solve the problem of proximity and distance (Uotila et al. 2012). They offer a tool to combine 

different regional knowledge resources. Raunio and Kautonen (2014) suggest innovation platforms 

may also provide a greater emphasis on students  ́role in innovation processes due to students  ́role in 

universities, which are connected to innovation platforms and thus nowadays to a greater extend  

to regional innovation activities. Hereby innovation platforms may contribute to the competence 
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building of the students, too (ibid 2014).  

Platform-based models and community-approaches may offer more efficient and self-sustaining 

linkages between regional innovation activities that are located in different countries than the more 

traditional policy models (Raunio & Kautonen 2014). Starting with this preliminary assumption that 

platform-based models allow a new kind of agile development not only in the interface of 

university-industry activities but also to a greater extent in regional development, it seems that the 

innovation platform model helps in corresponding to the challenges of globalization and knowledge 

economy in practical development work, too. However, in order to work, the innovation platform 

models needs an appropriate toolkit that reflects the tools available accordingly.  

Discussion on innovation platforms is also related to those concerning global knowledge transfer (see 

e.g. Batherlt & Henn 2014), innovation intermediaries (see e.g. Howells 2006; Wise 2014) and 

transnational knowledge networks (e.g. Coe & Bunnel 2003). Because innovation platforms may be 

discussed in these different, and perhaps partially overlapping, contexts, it important to study what has 

been written of the concept and how it has been defined in recent literature.   

The research filed on innovation platforms is still rather scarce. There are related academic discussions, 

which are important for the interpretation of the concept (see e.g. Howells 2006; Wise 2011 on 

innovation intermediaries). Innovation platforms work as a space to bring university students and 

industry together. It offers a space for innovation communities to emerge under the guidance of the 

platform. Innovation platforms may in this sense be seen as facilitators and accelerators of innovation.  

There are three conclusions based on the literature review and policy reports:  

Innovation platforms seem to offer open, agile and cost effective policy-models that may be suited 

especially for fast-developing countries;  

Innovation platforms operate strategically at the interface between the university and industry and 

enable capacity- and capability-building for individuals and teams participating them.  

Innovation platforms seem to take a facilitarors  ́ role in regional development by providing 

opportunities to others, educating, gathering and distributing resources, influencing regulations and 

setting local rules. Innovation platforms also take a facilitators ole by `creating spaces  ́ of various 

types: social, cultural, economic (providing funds), and regulatory (creating rules to guide activities 

and reduce uncertainty).   

Innovation intermediaries such as innovation platforms are a mean to access global knowledge. They 

enable spatial proximity and contribute to the creation of cognitive and social proximity. Innovation 

platforms may offer an access to global knowledge resources and enable global knowledge creation in 

an affordable way. They build in participants  ́ own interests and objectives. At the same time 

innovation platforms serve the companies and local/regional economy, they also serve the individual 

students taking part in their activities.  

Companies and research organization may have an interest in intermediary support to their 

transnational innovation processes (Wise 2014), innovation platforms and international students 
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participating them may offer a mean/tool/source/access to global human capital and access to 

transnational innovation processes.   

Innovation platform has been acknowledge as a policy-tool; however, its possibilities are yet to be 

discovered. Policy relevance is related to the globalization of innovation practices and how local and 

global are linked together. Innovation platforms may offer a policy response to the lack of linkages 

and collaboration between universities, industry and government and work to catalyze stronger 

linkages and collaboration to enhance economic development. This positions innovation platforms as 

one of the alternative policy mechanisms that may be used to strengthen 

university-industry-government collaboration and thus contribute to economic development.    
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1. Introduction  

Over the recent decades there have been increasing efforts by developing countries to reduce the 

economic gap between developed and developing countries. Asian and Northern European countries 

demonstrate good progress in these areas. Sweden, Denmark, China show stable high economic 

indicators that have been achieved by targeted government programs. These programs were aimed at 

creating a new type of economy based on knowledge and new technologies. Given the success of these 

countries, a number of developing countries, whose economies are dependent on resources, today, are 

looking to repeat their way; those countries are Russia, Indonesia, Brazil and Chile. The modernization 

of the economy and the formation of innovative economy are key objectives of the state policies of 

these countries. The research by leading economists and scientists led to the conclusion that the 

regional level of national economy plays a key role in formation of knowledgebase economy, which 

indicates the need to differentiate the innovation policy of the state depending on the economy 

parameters of each region. 

Clusters are a powerful tool for achieving industrial and innovation development, enhancing market 

competitiveness and improving economical growth. The cluster approach for national socio-economic 

development of regions is becoming more popular among advanced foreign countries. This approach 

is defined either as a part of innovative policy or as a ―cluster policy‖ itself. 

The modern version of theory of clusters was formed at the end of XXth century by M.Porter, however 

the idea of clusters originates from the theory of industrial ditricts published by A. Marshall, 

J.Bekkattini, E.Markusen. M. Porter considers clusters as a crushial contributor to economic 

development of the regions. T. Andersen (Andersson et al., 2004) distinguished clusters by following 

factors: synergetic effect because of the geographical concentration of professionals in same or similar 

activities, specialized enterprises and organizations, actively involved economic agents, competition 

and cooperation, unique life-cycle, involvement in innovative process. 

M. Porter's theory has evolved due to a significant contribution of western economists: 

1. Paul Krugman has mathematically proved geographical concentration to positively influence on 

manufacturing; based on that he formed a concept of «core-periphery». 

2. M. Enright stood for a concept that competitiveness should be developed at a regional rather than 

national level. Interested in regional economy, he defined clusters as an industrial cluster with high 

geographic concentration of companies. M. Enright empasized the importance of interraction between 

companies as a key driver of individiual competitive advantages. 

3. E. Feser studied clusters as a driver of innovative development of the regions. With E. Bergman, 

together they defined external factors, innovative environment, competition and dependence from the 

previous economic policy to be the key elemets of the theory of clusters
1
. 

Triple Helix Model and Cluster consept 

Cluster formation is a long-term process demanding intensive collaboration between three key 

                                                           
1 Bergman, Feser, 1999 
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institutional elements: science, represented by universities, business-agents and government. 

Strong competition between suppliers within a region is considered as a precondition for cluster 

formation. Beside that, speed and success of clusters depend on quality of interaction between research 

and development centers, and companies‘ capability to find effective solutions for common issues. 

Therefore, these factors would become even more effective would they have been concentrated 

geographically, with prompt transport and communication connectivity. 

Cluster representatives can be considered within three major elemets:
1
 

Corporate 

These are companies and organisation with various profiles and specialization: representatives of the 

main cluster's focus, suppliers of goods and services supporting clusters at operational level 

(transortation, energy, engeneering, ecology and informaton and telecommunicational structures), 

companies specialized on professional financial services ( audit, credit services, risk management, 

insuarences, leasing, etc.), non-profit organisations, chambers of commerce and industry. 

Goverment 

Regional authorities, municipal and regional development centers, small and medium enterprise 

development funds. 

Science 

Universities, high-schools, science and development organisations, such as business- incubators, 

science parks, industrials parks, venture funds, design centers, сenters for elaboration and 

commercialization of new technologies and etc. These elements support the infrustcture and 

innovations. 

For cluster formation and its futher progress colloboration of these three elements (science, goverment, 

business) is crucial: «Within an intensive interraction and colaboration three agents start coevolution 

by connecting their functions; as a result it will help clusters to facilitate self-development processes» 

2
. «During the interaction three agents which are invoved in the process of co-evolution bring their 

functional areas together and provide the cluster with opportunity for dynamic self-development.». 

Doctor S. Record mentions
3 

that if one of three elements is not repesented there, cluster formation will 

become impossible. 

However H. Etzkowitz emphasizes universites (including research and development elements) to play 

the most important role in cluster formation and to become a crucial element for high-technology 

production. 

Contribution of universities can be classified as folowing
4
: 

1. Universities plays an important role as an employer, 

2. Regional  development  through  a  technological  transfer  support  (technoparks, 

                                                           
1 Dezhina, 2013 

2 Smorodinskaya, 2013 

3 Record, 2010 

4 Davies, 1999 
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incubators,consulting), 

3. Education (professional education, trainings and etc.). 

Each of these directions has its own responsibilities and key activities (image 1) 

Key focus area of universities 

 

Following this concept, the «ideal» model of universities in cluster framework can be represented as: 
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However the described process can happen only in case of well-developed infrustructure and programs 

focused on entrepreneurship and innovation. 

2. Model of Russian university as a member of the cluster 

Recently in Russia there has been a shift from the concept of the policy framework to the practical 

measures supporting cluster initiatives. The concept of long-term socio-economic development and 

strategies of innovative development of Russia, established for the period up to 2020, provides that 

cluster policy will stimulate the growth of business competitiveness through the effective interaction of 

cluster members, improved access to innovation, technology, know- how, specialized services and 

highly qualified personnel, reduction of transaction costs, and implementation of joint cooperation 

projects [Kutsenko E.S.] 

Research 

In accordance with the Goverment Order of Russian Federation on 17.11.2008 No 1662- р, in 2012 the 

process to support clusters was designed in order to initiate formation of innovative clusters. 

As a result, 25 clusters were formed. Each of them met requirements to be scince- oriented, have 

an industrial capacity, include elements of operational support (transport, engeneering, electricity and 

etc). University students and gradutes have to be memebers of a cluster as well. As a result, these 25 

clusters represent three main categories: 
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1. Highly scientific clusters with corporations or big enterprises in the center, 

2. Clusters with high concentration of small business, 

3. Clusters with majority members represented by scientific organizations. 

Among 25 clusters science elements are represented by 52 universities. 

In this research the role of universities in clusters was analyzed in order to moderate an averaged model 

of the Russian university activities within the cluster. The model building was carried out in several 

stages. 

Step 1. Role of universities in clusters 

Within cluster framework universties are responsible for providing education, conducting R&D and 

initiating entrepreneurship. 

In terms of educational area, universities aim to provide a qualitative employment for its students. 

Universities develop special programs in order to develop certain skills and interests, based on current 

business needs of cluster‘s stakeholders. 

Beside ordinary educational goals, universities actively utilize its high level of science and R&D 

capacity. This is achieved by collaboration with business network. Participation in R&D projects, 

organization of internships and support with employment, help univetsities to expand the network. 

Hence, it works not only one-way round: good business ideas and projects born out of the university, for 

example students' prjojects, also can grow into a valuable product or service. Developed infrustructure 

is a key requirement for universities when it comes to R&D function: labs for technological and 

engeneering needs, cooperation with other universities including exchange programs abroad, and etc. 

Innovation and entrepeneurship function is evaluated within following criteria: infrustructure (wether 

there are required elements or not), protection of intellectual property, consulting, examination of 

existing projects, network and partnership with business units, transfer the results of R&D to market 

through licensing and start-ups. 

Each of  described activities was evaluated based on information available in open- sources: 

university web-sites, official reports and etc. 

Step 2. Universities with limited available information 

Some universities are tend not to disclose information regarding direction and focus of the reseraches. 

Besides information about their partnerships and business network is limited, 

facts on the level of involvement of students in R&D are also not available. Universities that uncover 

less than 25% of information about their activities were eliminated from the research. Therefore 12 

universities totally were suspended. 

Step 3. Evaluation 

Every activity and university function was estimated by the three-pont scale: 0 – no information, or 

poor developed function, 1 – function developed at a level below an average, 2 – average level of 

development, 3 – well-developed function. Examination was conducted by representatives of 

university network, business stakeholders, experts from administrative and goverment level. 
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Step 4. Calculation and estimation 

Results were calculated by finding a total score per each function. Step 5. Representation of results 

Results are shown in descending order per each function. (Table 1) 

Table 1.Roleof universities in cluster framework in Russia. 

Name of function Total 

score 
Education 345 

Additional education, professional programs, training 112 

Round tables, conferences, seminars 71 

Facilitating exchange programs, internships, support with 

employment 
47 

Duble-degree diplomas 43 

Educational programs developed through cooperation with business 

units 
38 

Employment contracts 34 

Research and development 402 

Publications 77 

Network with other universities 67 

Academic mobility 62 

Labs 61 

Researches requested by companies 47 

Competitions emphasing student proffeciency 39 

Invo;vement of students in R&D 28 

Shared labs with copmanies 21 

nnovation and entrepreneurship 317 

Patents 79 

Business network 63 

Infrustructure 55 

Start-ups, spin-offs, small entrerprises 46 

Consulting 26 

Faculty expanding 21 

Licencing 18 

Examenation 9 

Source: designed by authors 

3. Results and Recommendations of the conducted analyzes 

1.Russian universities are mainly focuse on educational and R&D functions, while the importance of 

innovation and technology is underestimated. Innovation is still a new stream in Russian development, 

and goverment has started to support and catalyze its development relatively recently. 

2.In terms of educational function, universities pay attention at importance in being involved in 

conferences, seminars, round tables, as well as stimulating internships for its students. 

Yet such important activities as launching educational programs together with business agents and an 

employmnet support are not represented fully. This is a matter of high importance and future efficiency 

of clusters: students have to be ready to work together with companies, and amount of hours dedicated 
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by business agents for to developing soft-skillshas to be minimized. 

3.There are less R&D activities than eductional currently in universites. However universities actively 

support students in publishing their articles: publishing (in russian language) received the highest score 

in conducted analyzes. Universities shall pay more attention to importance of collaboration with foreign 

niversities as well: academic mobility is not strong enough due to unstable economic situation, 

expensiveness, and currency exchange history. 

Number of R&D projects iniatited by companies has increased recently and study shows students are 

actively involved in it. However in majority of cases students do not receive payment, or fee is low. 

4. Innovation and enterpreneurship function is not fully realized. Study showed that consulting, 

examination and market research services are poorly developed. Only 3 from 40 universities provide 

examination services (Lomonosov Moscow State University, The Institute of  Information  

Technologies,  Mechanics  and  Optics  (ITMO),  Saint  Petersburg  State University). 

Lots of attention has been payed by universities to patent system. Number of received patents per year is 

high, however most of them are not interniational. These patents are not profitable since mechanisms of 

licenzing and spin-offs are not developed well. Study showed that after receiving patent steakholders 

face number of difficulties preventing them from next steps: licensing by third party is not popular, 

academic careers do not benefir from patents, there is no financial motivation either since patent doesn't 

bring revenews to its holders. 

All these findongs show that even potential benefits are high, universites currently miss an opportunity. 

Recommendations 

To improve efficiency of clusters and enhance role of universities, following recommendations should 

be considered. 

To improve educational function: 

1. Development of modern infrustructure. 

In order to modernize current educational system e-learning system has to be developed: there should be 

an opportunity to receive teaching materials and video-lectures on-line. Hardwear (facilities) of the 

universities also should be reconstructed; classrooms require computers; educational process shall step 

towards digitalization. 

These will improve brand status of the university, increase awareness about it, and later on will attract 

more students and future members of clusters. 

2. Higher quality of teaching staff. 

Teachers and professors should start participate in international conferences, collaboration with 

companies, gain experience from exchange programs at foreign universities. Goverment has started 

already to allocate funds from the federal budget in order to increase proffecional level among  
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professors
1
. 

3. Trainings together with enterprises. 

To create professional environment in universities business agents should be actively involved in 

educational process. First of all some programs have to be modified according to the interest and focus 

of business steakholders. Secondary received theoretical knowledge shall be supported by internships 

and projects at related companies. Diplomas and thesises have to be written based on real practice and 

experience of business agents. All together it will help to create generation of students ready to work at 

the intersection of science and business. 

To make this happen clusters need to establish a special operational units coordinating continius 

cooperation between business and universities. 

To enhance research and development function: 

1. Developing capacity of young scientists. 

To save and develop talents in science it is required to create qualitative R&D centers, provide research 

labs with necessary equipment, develop flexible and loyal system of grant distribution. 

2. Stimulating R&D activities among students. 

Following recommendations might improve current situation: it is important eductaional process to 

require R&D performance among students officially, ensure the participation of students in the 

implementation of the state budget or economic contracts themes in their works with the individual 

implementation plan, encourage participation in seminars , conferences and competitions. 

To create efficient and progressive enterpreneurship function : 

1. Intergration processes and interraction between universities and business. 

Involvement of business communities in science and stimulating collaboartion between science and 

business are matters of the first priority. 

2. Launching commercial activities and programs in unversities. 

Having consuling, examination and market research services will start the begining of enterpreneurship 

awareness and interest in universities. 

Universities own the most important resource for clusters – intelligent and highly professional human 

resources. However it is necessary to create separate unit responsible for services university will 

execute for business representative. In case of market researches, Center of Marketing will select the 

best matching faculty members and students to run specific projects. 

Before launching such centers it is important to educate faculty members on how to run th e Market 

Research professionally and to operate the Center. 

3. Lowering the patent fees for educational institutions. 

Patent fees is currently a number one issue preventing faculty members from basic steps towards 

commercialization of R&D results. 

                                                           
1 Federal law from 27.07.2010 №125-FZ "On Higher and Postgraduate Professional Education" 
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4. Tax cuts for the small enterprises created within universities. 

It is necessary to introduce measures of tax incentives to reduce the tax burden on small innovative 

enterprise.Conclusion. 

The university can be an active participant of the cluster strategy when performing all three functions 

(educational, research and business). According to the concept of the theory of Triple Helix, the 

university can pick up other participants‘ functions in the cluster development. Potentially University 

can become a driver of scientific and technological cluster development, but there are examples where 

a cluster develops efficiently without the participation of universities. 
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Abstract ：Consumers for agricultural products are not only concerned about the quality and 

availability of the products in the market, but also are actively looking for product related information 

of the process that occurred in the supply chain.. This can be seen as opportunities for producers and 

other chain related actors to create values by working together with the consumers. This process is 

known as value co-creation. In developing countries, agricultural supply chain development through 

value co-creation often faces obstacles mainly related to the limited scale of the producers. One of the 

solutions to deal with this condition is the interaction between university as the knowledge centre, 

government as the regulator, and private sector as the party who understands customers. The 

interaction between the university, government, and private sector (the triple helix) is the key to 

innovation and development in the era of scientific based economy. Agribusiness cluster is the 

interrelationship between farmers, local businesses, banks, and local business development services in 

an area. Analyses and discussion in this article were done based on system thinking in form of causal 

loop diagram. The diagram is able to show a comprehensive understanding of innovation theories and 

shows the causalities in various interactions within the triple helix in value co-creation processes. The 

value co-creation process in vegetable cluster development program was a result of interactions 

between many complex variables and generated balanced and growing feedbacks to improve the 

competitiveness of the farmers‟ group.  

Key words: Triple helix, value co-creation, innovation, cluster, agribusiness  
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1. Introduction  

Nowadays, consumers for agricultural products are not only concerned about the quality and 

availability of the products in the market, but also are actively looking for product related information 

of the process that occurred in the supply chain (Ahumada and Villalobos, 2009). This is due to 

increasing consumers‘ awareness of the importance of food safety, to avoid damaged/contaminated 

(physically, biologically, and/or chemically) agricultural products (Hastuti, 2007). Demands on 

products‘ quality, availability, and safety are values that have to be provided by the producers and all 

involved actors in the supply chain. If the required conditions are not met, in the long term, consumers 

will demand a price cut (discount) or even decide to stop buying the products (Vargo and Lusch, 

2004).  

Based on those arguments, value creation became a very important aspect of a business. This can be 

seen as opportunities for producers and other chain related actors to create values by working together 

with the consumers. This process is known as value co-creation. This condition resonances Ballantyne 

and Varey (2006) idea of value co-creation: ―the value co-creation are dialogical processes of firm and 

customer that merge into one integrated process of coordinated actions, where both parties are active, 

learn together from each other, and may directly influence each other‖. Thus, the application of value 

co-creation was aimed to improve the performance of agricultural supply chain, starting from 

producers to consumers.  

In developing countries such as Indonesia, agricultural supply chain development through value 

co-creation often faces obstacles mainly related to the limited scale of the producers. Agriculture 

producers in developing countries are generally restricted in technology, capital, extension services, 

and market integration (Devaux et al., 2009; Ferroni and Castle, 2011). As the consequences, it is 

often difficult for small scale producers to follow the ever changing market situation which demands 

the integrity of quality, quantity, safety and competitive price (Perdana and Kusnandar, 2012).  

One of the solutions to deal with this condition is the interaction between university as the knowledge 

centre, government as the regulator, and private sector (e.g. industry) as the party who understands 

customers. As Etzkowitz (2008) argues that the Interaction between the university, government, and 

private sector is the key to innovation and development in the era of scientific based economy.  

The involvement of university, government, and private sectors in the development of agricultural 

supply chain was conducted in a network level in a form of an agribusiness cluster. Agribusiness 

cluster is the interrelationship between farmers, local businesses, banks, and local business 

development services in an area (Toma, 2009). An agribusiness cluster can be seen as a geographical 

concentration of a supply chain network (De Witt, Giunipero and Melton, 2006). In a more general 

term, Porter (2000) defines cluster as ―a geographical concentration that connects business actors, 

suppliers, services, supporting industries, and related institutions (i.e. university, market association, 

etc.) in a certain field, which are competing and working together at the same time‖. A cluster stresses 

on competitive advantages at meso and macro level. The determining factors of a successful cluster is 
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the linkage between business associations, government, financial institutions, research and knowledge 

institutions (Ditter, 2005), community (Reid, Carrol and Smith, 2007), business development agencies 

(Toma, 2009), and demand as a supporting factor (Perez-Meza and Galdeano Gomez, 2010).  

Hence, the key factor of agribusiness cluster development is the involvement of multi-stakeholders in 

the process of reaching common goals, which is to improve productivity and competitiveness. 

Multi-stakeholders‘ involvement can be conducted in formal forms such as an alliance, partnerships, 

‗platforms‘ and initiative; and in informal forms such as networks and interactions (Russo and Tencati, 

2009). Moreover, the involvement of multi-stakeholder in an agribusiness cluster development is 

inclusive (Dentoni, Hospes and Ross, 2012).  

This article discusses a triple helix case in value co-creation processes in vegetables cluster 

development in Indonesia. In the case, university is involved as a centre and a hub for innovation and 

knowledge, which has roles in mediating ‗tacit and explicit knowledge‘ between the academicians and 

business actors and funding community (Youtie and Saphira, 2008). As the results, various 

innovations that helped the improvement of small scale farmers‘ competitiveness were produced. The 

case of vegetable cluster in Pangalengan, Bandung Regency illustrates the processes of value 

cocreation which were conducted by Padjadjaran University collaborating with modern retail (PT. 

Hero Supermarket Group) and Kelompok Tani Katata (farmer‘s group) which was supported by 

government, Bank of Indonesia and other stakeholders (e.g. agricultural inputs services). The 

processes of value co-creation in this vegetable cluster are discussed holistically to gain a complete 

understanding regarding the complexity and causality occurred within the interactions between 

multi-stakeholders.  

2. Research Methods  

This research is a case study at networks level in a supply chain (Harland, 1996; Wolf, 2008). 

Analyses and discussion were done based on system thinking theory in form of causal loop diagram. 

The diagram is able to show a comprehensive understanding of innovation theories and shows the 

causalities in various interactions within the triple helix in value co-creation processes; and also is able 

to predict the dynamics of behaviour (Galanakis, 2006; Maani and Cavana, 2007). Aside of that, the 

diagram also acts as a qualitative model and a part of critical thinking skills in system thinking 

(Richmond, 1993).  
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3. Value Co—Creation in Vegetables 

 Cluster Development Cluster development in Pangalengan，Bandung Regency is part of action 

researches conducted by Padjadjaran University The research was being piloted since 2010 This 

research entails three levels：1)Supply chain level；2)Logistic level；and 3)Cluster level(Figure 1) 

 

Supply chain level research was aimed to create an 1nclusive supply chain management 

design．which 1nvolves small scale farmers to fulfil structured market demands (Perdana et 

al．2011．Perdana and Kusnandar．2012）.In the process of dealing with logistics and post—harvest 

handling related problems 1n agricultural supply chain．a logistics level research was conducted 

Logistic level research was aimed to generate an agricultural logistics business services model 1n the 

rural areas (Perdana．2012.In order to deal with the complexitv of the problems occurred 1n 

agricultural supply chain and logistics development ． the attention and 1nvolvement of 

multi—stakeholders are necessary In order to reach this goal．a cluster level study 1s needed Cluster 

level study was aimed to produce a cluster development model．which 1s able to 1mprove the 

farmers‘competitiveness(Perdana et al．2014) 

These all three strands of studies synthesises a system dynamics model with participatory action of 

researchers and other 1nvolved stakeholders Consequently．1t constantly generated Interactive 

learning processes occurred within the virtual world where the system dynamics model was 

generated．and 1n the real world where participatory action(as application of the model 1n the field) 

was applied(Sterman．2000)The feedback from virtual world to real world and vice versa．became 

the key factor 1n the development ofthe vegetables cluster 1n this case. 

Figure 2 show-s the processes of value co—creation 1n the case of Pangalengan vegetables cluster 

The stakeholders 1nvolved 1n this activitv are Padladlaran Universitv，Katata Farmer‘s Group，Hero 
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Supermarket Group，Government，Bank of Indonesia and other supporting 1nstitutions such as 

Riikwann(agricultural 1nput services)and Vegetables Research Centre(Balitsa)Lembang Padladlaran 

Universitv 1s a state universitv which has many research centres based on field of studies One of the 

research centres 1s Agrilogics(Centre for Agricultural Logistics and Supply Chain Studies)Agrilogics 

focuses on conducting action research on agricultural logistics and supply chain development Many 

action researches 1n various supply chain levels have been done by Agrilogics In doing so，

Agrilogics synthesised system modelling with participatory action that involved many stakeholders 

The results of those action researches are：models．appropriate technology．plant varieties．and 

business spin off．The knowledge generated as the results of those researches were being 

disseminated to Katata Farmer‘s Group through Intensive field guidance processes. 

 

   

Related to the utilisation of the action research‘S results，Padjadjaran University was collaborating 

with Hero Supermarket Group This collaboration includes giving extension services to Katata 

Farmer‘S Group SO that it can maintain its consistency in supplying standardized vegetable products 

with CO-branding to Hero Supermarket (Figure 3)The CO-branding was aimed to give values to 

consumers in form of quality and food safety reassurance. 
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Hero Supermarket Group iS a modem retail network which has 250 shops in Indonesia including Hero 

Supermarket．Giant Extra and Giant Express The business iS owned by two multinational companies：

Jardines and Dairy Farm In its collaboration with Padiadiaran University. 

Hero Supermarket Group created values together with Katata Farmer‘S Group in a forill of commercia 

lization(marketing)of the products of Katata Hero Supermaacket Group buys Katata‘s product based 

on the agreed contract. 

    Katata Farmer‘S Group founded in 2009 and was designed to build a collective production 

system of farmers in Pangalengaaa District．Bandung Regencv At that time．Katata only has 12 

members After several years．along with the process of vegetables cluster development． the 

members rose to 120 farmers 111is was possible due to value CO．creation processes which involve 

innovation1earning In this COntext ． innovation 1earning iS seen as informal 1earning 

processes．where social networks hold an important role rNieuwenhuis．2002)The members of 

farmer‘S group gained knowledge through sharing in teamwork process of stakeholders Katata 

constantly supplies 12 kinds of vegetables to Hero Supermarket Group in Jaka~a and Bandung．these 

commodities are：babv and regular carrot，mini and regular potato，beef tomato，local tomato，

white radish，paprika(capsicum)， red chilli．Kenya bean．broccoli．and chayote．Aside of 

that．Katata develops participatory seed breeding system for carrots，Kenya bean，and potato． 

    This cluster development was also supported by the Bank of Indonesia．10cal government 

(regional and provincial)and agriculturalinput agencies．Bank of Indonesia provided access to finance 

services to involved supply chain actors．especially farmers．In addition．Bank of Indonesia built a 

demonstration plot for potato seeds development．provided rain shelters for tomato growing．and is 

replicating this program in other areas．Provincial and regional government supported through cluster 

development policies and provided production facilities such as a hand tractor and a packing house．

Agricultural input suppliers and the vegetables seed research institute contributed by providing the 

seeds required by the farmers，which based on market demands． 

Overall．the process of value co．creation in vegetables cluster development program was aimed to 

improve the farmers‘competitiveness．By doing so．farmers are able to fulfil market demands 
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Constantly. in terms of quantitv．quality．and food safety with a competitive price．The distribution 

of roles and resources among the stakeholders is the key factor in improving the cluster development 

program‘s effectiveness and efficiency． 

The Triple Helix Model in Value Co—creation Process in Cluster Development based on System 

Thinking 

This section discusses the role of triple helix model in value co．creation process in vegetables cluster 

development program in Pangalengan，Bandung Regency， Indonesia． In order to grasp the 

complexity of value co.creation process．which involves various stakeholders who have their own 

Agendas. a causal loop diagram was used(Figure 41． 

 

 

In the case of this study．the value co．creation process has generated various feedbacks among the 

variables．This section describes three balancing loops and three reinforcing loops．which were the 

base of the value co．creation process．Figure 5 shows a causal loop diagram(CLD)of a negative 

feedback (B1)．The competition in vegetable agri．business has reduced the market share of Katata 

Farmers Group．This is indicated by the decreasing demands from the market to the group．0n the 

other hand．if the market demand would have risen．then the need to improve the production base 

would have risen too．In the end．the need of production base improvement will improve the 

production base development．which is being conducted by the farmer‘s group．which then leads to 

the forming of geographical concentration of production bases．Started from one village in 
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Pangalengan．currently Katata‘s bases of production are spread in 8 villages covering more than 50 

hectares of land． 

This geographical concentration has supported the improvement of networks in this cluster． 

This is due to the expansion of production base ． which increased the needs of various 

accesses．which are：access to market．access to a~ricultural inputs．access to technology．access 

to finance. and logistic services. Consequently ． it increased the number of involved 

stakeholders．This also applies to increasing innovation funding as the result of improved networks． 

The innovation funding was sourced from the Ministry of Research．Technology and Higher 

Education in a form of national strategic research grant．Additionally．the funding was sourced from 

Bank of Indonesia．CSR of Hero Supermarket Group．and government(regional and provincial)． 

 

 

The increase in innovation funding has boosted research and development activities in agribusiness 

cluster development program．Research and development include knowledge and technology 

engineering in producing new varieties and production technology for vegetable commodities which 

are based on market demand．and social engineering to improve the collective production system and 

logistic services ． Increasing research and development activities have improved the value 

CO．creation process to generate innovations．The main foundation of the value CO．creation 
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process consists of dialog ， transparency ， access ， and risk benefit analysis(Prahalad and 

Ramaswamy，2004)． 

AS the value CO．creation process improved．the Success rate of innovation development was 

also improved．This can be proved by the increasing production technology for vegetables which are 

being practiced by farmers which allows them to increase the productivity and emciency．A proper 

example would be the development of rain shelter and grafting technology for beef tomato．mini 

hydra sprinkle irrigation system for dry season．Standardized Operation Procedure．Good gricultural 

Practice and seed breeding methods for carrot and Kenya bean． 

In the end．along with the increasing productivity and efficiency of farming．the production costs 

were able to be pressed， and thus， farmers profit got boosted． In addition， the char of 

agri．business for vegetable commodities will also improve．which in the end．this will attract more 

competitive farmers. The interaction between various variables created a negative feedback(B1)．This 

means that the value CO．creation process will bring balance by improving the market share of the 

farmer‘s group． 

 

 

Figure 6 shows that the increase in market demand to the farmer‘S group has caused an increased 

communication between farmer‘S group with the market actors．This communication was being done 

to assure if the farmer‘S group has met the product specifications as requested by the market．This 

communication also increased the interaction between farmers and other stakeholders． 

The interactions occurred in forin of‗foCHS group discussion‘aimed to generate solutions in dealing 

with current problems．Thus．value CO．creation process related to the Success of innovations will 
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be increased．Specifically．the innovations improved agricultural logistics services．This logistics 

innovation iS manifested in the improvement of packing house management．including the logistics 

infrastructures．The value CO．creation process in logistics services iS able to improve the 

competitiveness of producers and increased consumers‘satisfaction(Yazdanparast，Manui and Swartz，

20101. 

 

The improvement of logistics services will increase the vegetable supply to the market，so that it will 

increase farmers‘income．In the end， the increasing income will attract others to vegetables 

agri-business．The interaction between the variables caused a negative feedback(B2)，which means 

that the value co．creation process in logistics services improvements will reach the balance point to 

increase farmer‘s group market share． 

Figure 7 shows that the value co．creation process was able to improve the trust of market to the 

farmer‘s group．This was possible due to knowledge sharing which led to the Success of innovation 

development．which contributes to the increasing vegetable supply to the market．Therefore．the 

market‘s perspective towards the farmer‘s group was increased．The result of increased farmer‘s 

group‘s capabilitv to fulfil market demands was increased trust．which was manifested by improved 

order．The interaction between variables generated a balanced behaviour fB31，which means that 

the value co-creation process will reach a balance point to reduce the pressure to the improvement of 

competitiveness． 
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Figure 8 shows that the value co．creation process emerged as a result of the farmer‘s inability to deal 

with the pressures which come from both inside and outside the country．in vegetable agri． 

business．These pressures require farmers to improve their competitiveness so that they will be able 

to fulfil the ever changing market demands．The need of improvement has led to the need of 

innovation in technology and social aspects．This need of innovation motivated the farmers to 

communicate with the unlverslty‘s researcher．Along with that． the government requires the 

unlverslty to contribute to this matter．This condition has created the base of collaboration between 

the farmer‘s group and universitv in order to improve farmers‘competitiveness．The collaboration 

between Katata Farmer‘s Group with Padiadiaran University became the foundation of vegetable 

cluster development program in 2014．The interaction between variables generated a growth 

behaviour feedback(R2)，which means that the involvement of the university will improve the value 

co-creation process． 
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Figure 9 shows that the collaboration between the university，with the farmers group which supported 

the initiative in vegetable cluster development has been able to improve the farmers access to market 

facilitation，especially to Hero Supermarket Group．This condition was followed with increased 

communication between farmers group with market actors which then led to increased farmer‘s 

income．This will attract more actors to be involved in vegetables agri．business．which means that 

there will be more competitors in the future．The interaction between the variables generated a 

positive feedback (R21)，which means that the access to market facilitation will increase the number 

of farmers and will bring newcomers as competitors in vegetable agri．business. 

Figure 10shows that the increase of competition in vegetable agri．business will increase the need of 

improved competitiveness．Therefore, it will generate the needs of innovation．which means more 

farmers will feel the need to communicate with the universities．The increasing communication 

between farmers and researchers generares vegetable cluster development program．In November 

2014，the formal agreement between Padiadiaran Universitv with Katata Farmer‘S Group，Bank of 

Indonesia．and regional govemment of Bandung Regency was signed． 
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One ofmany forillS offacilitation in this cluster development was related to access to market. 

Padjadjaran University arranged a formal a formal agreement with Hero Supermarket Group to give 

extension services to the farmers ． so that they will be able to meet the required 

products‘sDecifications In the end．the program was a success It improved the capabilities of fariflers 

in fulfilling structured market‘s demands and created an integrated collaboration through co．

branding system between Katata Farmer‘s Group with Hero Supermarket Group and Padjadjaran 

Unversitv. 

4. CONCLUSl0NS 

The value co．creation process involving variOUS stakeholders in vegetable cluster development 

consists of：1) action researches which were being conducted by researchers from Padjadjaran 

University by applying system modelling and active participation of stakeholders，generated 

knowledge were disseminated to the~rmer‘s group：2)market development conducted by the 

collaboration between farmer‘s group．market．and universitv was manifested in co．branding 

system：3)innovation 1earning for the farmer‘s group resulted in the emergence of variOUS 

innovations in technologv and social．which led to the increased capacitv of farrfler‘s group in 
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fulfilling market demands；4)Financial institutions contributed by providing access to finance to all 

involved actors in the vegetable supply chain，and also replicating the program to other areas；

5)government formulated policies which support the development of vegetable cluster，and provided 

production facilities and infrastructures；6)agricultural inputs agencies and seed research centre gave 

their contributions in a forln of seeds. 

The value co-creation process in vegetable cluster development program was a result of interactions 

between many complex variables and generated balanced and growing feedbacks to improve the 

competitiveness ofthe farmers‘group . 

5. Implications ofPolicies 

It is possible for the goverument to replicate the model of mis value co-creation process to other 

areas．based on local characteristics of the area where the model will be applied Therefore．It will 

improve the effectiveness and efficiency of agricultural development in rural areas . 

Financial institution can replicate the model ofvalue creation process in an integrated effort in order to 

improve the market share of agricultural financing This will improve the perception of financial 

institutions toward the agricultural world．which is generally negative due to its high risks 

characteristics. 

6. Future Research 

To expand the research to a multi-case studies by the application ofvarious methods in order 

to increase the success rate ofthe future model replications 
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assignment. Using “Project 985” universities‟ granted patents in USPTO, this paper adopts the count 

model and the logistic regression to test the hypothesizes, which lead to the following observations. 

First, patent collaborative size and type both have significantly positive effect on technical quality and 
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1. Introduction 

As an important component of national innovation system, university is the primary actor of both 

knowledge production and transfer, and the incubator of new technology and new enterprises 

(Henderson et al., 1998; Mathews and Hu, 2007; Sterzi, 2013). Universities‘ commercialization of 

scientific and technological (S&T) achievements is defined the transfer of new knowledge, products or 

processes from universities to other organization for business benefit, which is an important linkage of 

S&T development and economic growth (Wittamore et al., 1998). 

China, as a latecomer of innovation, primarily adopted a planned economic system, which determined 

the characteristics of technology development and transfer from 1950s to early 1980s. Research and 

development (R&D) and technology transfer were likely to be government-driven and the market 

demand driving R&D is small and unspecified (Kroll and Liefner, 2008; Xue, 1997). Unlike market 

economy where industrial enterprises play primary roles in R&D and innovation, China‘s pubic 

research institutions (PRIs) are the backbone of national innovation system (Sun, 2002). The mission 

of universities was still training human capital with few exceptions at the early stage of the reform and 

opening-up policy, then it had been expanded to create new knowledge by R&D and serve the society 

by technology transfer and knowledge spillover along with building a socialist market-oriented 

economy since 1990s. 

In order to promote commercialization of S&T achievements, a series of ambitious initiatives have 

been launched. The first initiative received greater attention in 1995, when the central government 

convened the National S&T Conference in Beijing, in which the strategy of ―Revitalizing the Nation 

through the Science, Technology and Education‖ (kejiaoxingguo) was put forwarded and CCPCC 

issued the ―Decision on Accelerating the Progress of Science and Technology‖, advocating that 

economic development should rely on the progress of S&T (Sun, 2002; Sun and Liu, 2010).The 

following year, China issued the ―Law on Promoting the Transformation of Scientific and 

Technological Achievements‖, which aim to promote the transformation of S&T achievements into 

real productive forces and facilitate economic and social development. Furthermore, CCPCC and the 

State Council issued the ―Decision on Strengthening the Technological Innovation, Developing the 

High Technology and Realizing Industrialization‖ in 1999, calling for the construction of a national 

innovation system and speed-up of the industrialization of the S&T. 

Almost simultaneously, China launched the new programs for building universities with 

comprehensive functions. In 1995, ―Project 211‖ was initiated by the Ministry of Education, with the 

intent of raising the research standards of high-level universities and cultivating strategies for 

socio-economic development. Only four years later, Chinese top leader first announced to promote the 

development and reputation of the Chinese higher education system by founding world-class 

universities in the 21
st 

century on May 4, 1998, named ―Project 985‖ later. So far, large amounts of 

funding have sponsored to 39 universities in order to build new research centers and improve facilities. 

In 2011, the Ministry of Education and the Ministry of Finance published ―Promotion Plan for 
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Innovation Capacity in Universities and Colleges‖, called ― Plan 2011‖, which is the third national 

program for higher education. ―Plan 2011‖ aim to strengthen the innovation capacity further, foster 

creative talents and create innovative achievements of universities and colleges though building 

collaborative innovation centers. 

Due to governmental subsidization and industrial funding, universities have more opportunities to take 

part in R&D and innovations. Indeed, Chinese reform of innovation system, in particular, the 

implementation of Project 211, 985 and Plan 2011 has improved universities‘ R&D capability, 

promoted technology and knowledge sharing between universities and industrial sectors and stepped 

up technology transfer from universities to economic sectors (Wu, 2007; Luan et al., 2010). 

Meanwhile, these measures facilitated universities becoming the main technological source of 

enterprises as well gradually (Hong, 2008; Liu and Jiang, 2001). 

On the other hand, the transformation of S&T achievements, in particular universities‘ patents, is still 

a major challenge of China‘s innovation during the process of S&T reform. The problem that large 

numbers of idled S&T achievements and low commercialization rate of S&T achievements have 

existed for a long time in China. Chinese universities complete over 20,000 large research projects 

each year and only 10% of them can be applied to industry or markets effectively (Li and Hu, 1998). 

Comparatively speaking, American universities‘ commercialization of S&T achievements is important 

driving force in promoting economic growth (Mowery et al., 2001; Mowery and Ziedonis, 2002). 

Taken University of California as an example, slightly over one-third of the patents had been licensed 

between 1984 and 1988 (Mowery and Ziedonis, 2002). 

In sum, this paper attempt to conduct a unique study using the university patent to determine whether 

and how the patent collaboration and patent quality influence patent assignment. At first, it proposes a 

theoretical model of the relationship between patent collaboration, patent quality and patent 

assignment. Then, drawing on the statistical data of Chinese ―Project 985‖ universities‘ granted 

patents in USPTO, this paper provides a quantitative analysis of whether and how the patent 

collaboration and patent quality have influenced patent assignment. The rest of paper is organized as 

follows: section 2 develops a theoretical model and hypotheses. Section 3 describes the method. 

Section 4 presents the descriptive analysis, empirical analysis and results. Section 5 discusses our 

results and conclusions. 

2.  Theory and hypotheses 

Scholars have paid more attention to the commercialization of universities‘ S&T achievements, and 

also gain several useful conclusions. Some scholars have found that research collaboration have a 

significant effect on patent licensing (Lee et al., 2007; Lee, 2008; Lee, 2009), in which collaboration is 

a dummy variable, a patent with single assignee or co-assignee. Others have found that collaboration 

with enterprises has a positive and significant impact on the probability of licensing for university 

inventions (Sapsalis and van Pottelsberghe, 2007; Chang et al., 2009). 

Although prior work has significantly improved our understanding of the impact of patent 
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collaboration to patent licensing, there is still relatively little empirical evidence on the patent 

collaboration influence patent assignment. To be specific, patent assignment referring to the change of 

patentee is another important form of university technology transfer comparing with patent licensing. 

Patents assign to enterprises from universities, which bring competitive advantage to enterprises based 

on monopoly technology and bring substantial benefits to the university which could provide financial 

support for in-depth R&D in the future as well.  

In addition, first, extant literature has review the partner portfolio of patent collaboration 

systematically, which reflect different dimensions of patent collaboration. However the empirical 

research on the impact of patent collaboration to patent transfer only considered one dimension of 

collaboration, particularly neglected the collaboration size or the number of partners (Ma et al., 2013). 

Second, previous studies have explored the impact of the patent collaboration to patent transfer (Lee et 

al., 2007; Lee, 2008; Lee, 2009; Sapsalis and van Pottelsberghe, 2007; Chang et al., 2009),however, 

there is seldom empirical evidence concerning about how to impact.  

This study attempt to explain the relationship of patent collaboration and patent assignment by adding 

patent quality as an intermediary variable. Extent literature suggested that university-enterprises 

collaboration could also increase the knowledge source diversity of universities‘ R&D and improve 

the quality of S&T achievements (Sapsalis et al., 2006; Gao et al., 2014). Meanwhile, patents 

transferred from universities to the enterprises always have high quality (Mowery and Ziedonis, 2002; 

Sterzi, 2013), although patents with high quality couldn‘t always be transferred to enterprises 

(Thursby and Thursby, 2003). Obviously, patent quality is an important intermediary variable to 

conduct the impact of patent collaboration. It is worth noting that patent collaboration creates 

universities‘ external relations, in particular multi-relations and relations with enterprises, which is 

conductive to patent assignment. Furthermore, the patent collaboration could improve patent quality 

by diversity knowledge, which is a significant condition for patent assignment. Thus, we need to 

integrate patent collaboration, patent quality and patent assignment in a framework. 

2.1 Patent collaboration and patent assignment 

As mentioned above, patent collaboration could be divided into collaboration size-the number of 

partners and collaboration types- collaboration with enterprises or without enterprises. For a university, 

patent collaboration will form a social network and technological network. The more the number of 

participants is, the more the network relationship is. Thus, more collaborative partners could get 

access to more relational resource which could reduce the searching cost and increase opportunity for 

the patent assignment (Belderbos et al., 2004). Second, based on the resource-based view (RBV), 

more collaborative partners means the university possesses more resources which could gain from 

partners, which is conductive to assign patent (Lee et al., 2007). Third, patent collaboration will 

promote the formation of trust relationship between partners, and more closer ties will increase 

opportunities for patents to be recognized by public, thereby enhance the likelihood of patent 

assignment (Ponomariov and Boardman, 2010). 



 

 295 

Obviously, enterprises are usually considered to have a leading role in innovation. Fierce competition 

in the market not only increases enterprises‘ demands of technological innovation, but also allows 

enterprises to grasp the first-hand information of market demands on products. In contrary, 

universities are considered a supportive force for innovation, through providing trained persons, 

research achievements, and knowledge to enterprise (Lei et al., 2012; Liang et al., 2012). Thus, there 

is a significant difference between patent collaboration with and without enterprises. 

First, the university‘s patent may meet enterprises‘ needs through collaborating with enterprises (Hsu 

et al., 2015). Enterprise partners are helpful in raising research questions that aim to solve real 

problems, while university‘s researchers prefer the invention with lower cost to that with high 

commercial value (Agrawal and Henderson, 2002; Hellman, 2007; Sterzi, 2013; Slaughter et al., 2004). 

University collaboration with enterprise will increase the applicability and marketability of their 

inventions, and bring the patented technology into market (Wu et al., 2015). Second, most university 

patents are often too underdeveloped to use commercially (Jensen and Thursby, 2001; Thursby and 

Thursby, 2003). The absorption capacity of enterprises could also impact the commercialization of 

universities‘ patents (Geuna and Nesta, 2006; Geuna and Rossi, 2011). University collaboration with 

enterprise will rise the understanding of patented technology and enhance confidence in the 

technology transfer for the enterprise. Third, enterprise that support university research also comprise 

a potential audience for the marketing of inventions emanating from that work (Wu et al., 2015). 

So, we propose the following hypothesis: 

H 1 (a): Collaboration size will have a positive influence on the likelihood of patent assignment. 

H 1 (b): Collaboration with enterprises will have a positive influence on the likelihood of patent 

assignment. 

2.2 Patent collaboration and patent quality 

The patent quantity in Chinese universities is developing rapidly, while the issue of patent quality 

appears gradually against the background of the rapidly growth on quantity after 2000. The object of 

patent protection is technology with high technical and economic value, and economic quality and 

technical quality are two aspects of patent quality. Technical quality refers to the advancement and the 

importance of the patented technology, while economic quality refers to the economic value of patents, 

which measure by the gains from the patented technology.  

Patent collaboration will have a positive impact on the value of the patented technology from the 

perspective of resource integration (Lee, 2009; Sapsalis et al., 2006; Ho et al., 2014).The R&D process 

of a new technology needs resource such as information, capital, equipment, staffs and so on. More 

collaborative partners could get access to a broader pool of human resource, funding and 

heterogeneous knowledge from multiple sources. Rich resource integration could provide stable R&D 

foundation and diversity knowledge to improve the technical quality of patents. In addition, 

collaboration among more organizations will also increase the public recognition of the patent, and 

enhance the guiding role for the subsequent technology.  
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Universities collaboration with enterprises will encourage to re-integrate resources and complement 

advantages (Powell and Grodal, 2005; Gao et al., 2014). For a R&D program, enterprises could 

provide demand information of technology and product in market, and the scarce funding resources, 

while universities will provide staffs, equipment, frontier knowledge and other resources for R&D. 

Complementary resources will improve the efficiency of collaborative R&D, and improve the 

technical quality of patents.  

The economic quality of a patent may reflects the its importance from the self-expectation of market 

value and its real market value (De Rassenfosse, 2013). In the other words, if technological developers 

deem a kind of technology with high economic value, it is high probability that the patent will gain 

high economic value from market. The more partners the R&D process of a patented technology 

attracted, the higher market expectations these partners will be. Collaboration size will improve the 

economic quality of patents even though they will increase R&D expense.  

Meanwhile, universities should form direct links with enterprises to maximize ―capitalization of 

knowledge‖，which is largely referred to as the ―Triple Helix‖ thesis (Etzkowitz, 1998; Etzkowitz and 

Leydesdorff, 1997, 1999; Etzkowitz et al., 2000; Slaughter and Leslie, 1997). Enterprises which aim at 

enhancing market competitiveness and occupancy will promote economic quality of patent through 

provision of funds or through involvement in the R&D process (Gulbrandsen and Smeby, 2005; 

Meyer-Krahmer and Schmoch, 1998). Patent capitalization is equivalent to the assets of enterprises 

which is capable to produce sustained profitable. Thus, universities collaborative with enterprises 

could improve the economic quality of patent. 

So, make the following assumptions: 

H 2 (a): Collaboration size has a positive influence on technical quality of patent. 

H 2 (b): Collaboration with enterprise has a positive influence on technical quality of patent. 

H 2 (c): Collaboration size has a positive influence on economic quality of patent. 

H 2 (d): Collaboration with enterprise has a positive influence on economic quality of patent. 

2.3 Patent quality and patent assignment 

There are three reasons regarding to the technical quality of the patent contributing to patent 

assignment. First, enterprises as patent assignees pay more attention to the effects of the patented 

technology on products and production processes, and the market response and profitability of the 

product in the process of patent assignment (Lee, 2009). That is, the technical quality of the patent will 

a critics factor for enterprise to decide whether it can be assign or not. Second, the patent with high 

technical quality will reduce the risk of assigning a patent, and increase the efficiency of applying 

patented technology. Particularly, it is possible that the patent with high technical quality could be 

cited by subsequent patents, which reveal that it contains a significant technological progress and has a 

significant impact to subsequent inventions (Chakrabarti, 1991; Lee et al., 2007; Wang, 2007). Third, 

the higher the technological quality of a patent is, the higher its legal robustness should be (Bessen, 

2008; Reitzig, 2003). For the patent assignees, the high technological quality will reduce the 
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possibility of lawsuits and reduce the risk of assigning.  

In addition, the probability of assignment depends on the economic quality of the patent as well. The 

economic quality of the patent is the gains benefit from the product or service based on the patented 

technology. Regarding marketability as a proxy of the economic quality of the patent, it represents the 

degree to which the inventions are recognized by enterprises or other entities as important inputs for 

the development of processes or products that can be either sold in a market or otherwise provided to 

potential users (Wu et al., 2015). Therefore, the higher the marketability of the patent is, the higher the 

probability of patent assignment is. Meanwhile, the higher economic quality of a patent means the 

larger range of its protection scope (Fischer and Leidinger, 2014). Accordingly, the bigger the 

protection scope is, the bigger the application scope is. Wide applications of the patent may increase 

market revenue, which is parallel with the strategic target of enterprises, facilitating patent assignment. 

We propose the following hypothesis: 

H3(a): Technical quality of patent will have a positive influence on the likelihood of patent 

assignment. 

H3(b): Economic quality of patent will have a positive influence on the likelihood of patent 

assignment. 

 

Fig.1  The Theoretical Framework 

3.  Methods 

3.1 Sample and data 

Our sample is the total 1439 granted invention patents in the United States Patent and Trademark 

Office (USPTO) of Chinese ―Project 985‖ universities from 1985.1.1 to 2014.12.1. In fact, the sample 

excluded Beijing Institute of Technology, Xiamen University, National University of Defense 

Technology, Northwest Agriculture & Forestry University and Minzu University of China, as they 

have no effective patent. ―Project 985‖ universities have been selected because they cover all Chinese 

top universities, which implement most research funding of universities, hold most patents of 

universities, and represent the best practice of the commercialization of S&T achievements in China. 

Patent information is collected through the granted patent Database (PatFT) and the Assignment 
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Database in USPTO by PatentEX - a software tool of patent analysis. Comparing with other patent 

offices, USPTO has several advantages. First, the U.S. is the global leader of innovation and economy, 

and patents granted in USPTO have always been a conventionalized indicator to measure innovation 

or patenting activities (Wang, 2007); Second, USPTO database includes comprehensive patent 

information, particularly the data of patent citations and patent assignment, in contrary, State 

Intellectual Property Office (SIPO) still doesn‘t add these information into its database. 

The searching and extracting process of patent data from the USPTO database is as follows. First, we 

search ―Project 985‖ universities‘ granted patent though entering the name of a university into the 

field of assignee name within the granted patent database (PatFT), then download each university‘s 

patents; Secondly, we remove patents whose assignee name contain the name of university, but its 

right does not belong to the university. For example, the assignee name "Hangzhou Zhejiang 

University Sensing Instruments Co., Ltd." contain "Zhejiang University", but this patent do not belong 

to Zhejiang University. We repeat these two steps in Assignment Database to search universities‘ 

assigned patents. 

3.2 Measures 

3.2.1 Patent Collaboration 

In this paper, patent collaboration could be divided into collaborative size and collaborative type. 

Collaborative size: Collaborative size refers to the number of the patent assignees before patent 

assignment, which could reflect the number of universities‘ partners. A patent only has one assignee, 

which means it is independent research, no collaboration and no partner (Ma et al., 2013). 

Collaborative type: According to previous literature, collaborative type could be divided into 

collaboration between academic institutions (universities and research institutions) or collaboration 

between academic institutions and enterprises (Sun and Cao, 2015). Following this taxonomy, 

universities‘ collaborative type could divided into collaboration with enterprise or collaboration with 

others. We set it as a dummy. If the enterprises involved in the patent collaboration, recorded as 1; on 

the contrary, recorded as 0. 

3.2.2 Patent Quality 

In this paper, patent quality could be divided into technical quality and economic quality. 

The technical quality: The technical quality is measured by the forward citations which means the 

number of the references by later patents. The forward citations should examine knowledge spillover 

and the ability of promoting public knowledge development (Fischer and Leidinger, 2014). 

The economic quality: The economic quality is measured by patent family size which means the 

quantity of countries which the patent be granted and transferred (De Rassenfosse, 2013; Fischer and 

Leidinger, 2014). The patent family means patent authorities in different jurisdictions based on the 

same priority document. 
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Table 1  Variables and Definitions 

Variable Definitions 

Patent Assignment 
Dummies. If the patentee of patent changed, recorded as 

1; on the contrary, recorded as 0. 

Patent 

Collaboration  

Collaboration 

size 
The number of patentees before patent assignment. 

Collaboration 

type 

Dummies. If the enterprises involved in the patent 

collaboration, recorded as 1; on the contrary, recorded as 

0. 

Patent Quality  

Technical 

quality  

Forward citations, the number of forward citations up to 

December 1, 2014 

Economic  

quality 

Family size, The number of administrates obtained patent 

authorize up to December 1, 2014 

Control 

variables 

Tsinghua 
Tsinghua Dummies. If patentee is Tsinghua University, 

recorded as 1; on the contrary, recorded as 0. 

Claims The number of claims 

IPC The number of IPC 

Inventors The number of inventors 

Specifications The pages of specifications 

Backward 

citations 

The number of backward citations up to December 1, 

2014 

Non-patent 

citations 

The number of Non-patent citations up to December 1, 

2014 

Patent age 
The time interval from the date of patent authorized to 

2014 
 

3.2.3 Patent Assignment 

Patent assignment is an important form of the commercialization and its manifestation is to change the 

patentee. If the patentee of a patent changed, it means that the patent was assigned, recorded as 1; on 

the contrary, recorded as 0.  

3.2.4 Control Variables 

Summarizing the literature on relationship between patent collaboration and patent quality, a series of 

indicators are selected as control variables, such as Tsinghua, patent‘s claims, IPC classification, the 

number of inventors, the pages of specification, patent backward citations, non-patent citations, and 

patent age. 

Tsinghua variable attempt to distinguish Tsinghua University and others, since Tsinghua University 

has 1005 granted patents of all in our sample. In order to avoid the influence of Tsinghua university‘s 

characteristics to the overall sample, we set it as a dummy, which is useful for understanding the 

difference between Tsinghua and other universities. 

Patent‘s Claims describe the scopes of legal protection and the rights owned by the patentee clearly, 

which is the core of the patent (Alcacer et al., 2009). The more the number of claims is, the larger the 

scope of protection by patent law is. Simultaneously, increasing the items of claims would lead to the 

increase of patent maintenance fees, which will add the cost burden of patentees. Thus, the high cost 

could encourage patent applicants consideration carefully, adding truly useful patentee claims . 

IPC Classification could measure the technical width and diversity of the patent. The wider the 
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patented technology is, the stronger its ability to control the market is. It will also decrease the 

possibility of being imitated by competitors (Van Zeebroeck et al., 2009).  

The number of inventors refers to the number of all the technical staff involved in the R&D process. 

The more inventors are, and the richer scientific knowledge the patent will be contributed to, and the 

more knowledge stock the patent will be (Lee et al., 2007). 

The pages of specification show the complexity of the technology effectively. Patent specification 

requires a detailed description of the structure, technical points and usage of the technology. A high 

degree of technical complexity of the patent can reduce the likelihood of being imitated, and extend 

the duration of the patent. 

Patents backward citations is added by applicants and examiners together, and examiners add nearly 

60 percent of patent citations (Harhoff et al., 2003; Alcacer, 2009). The number of patent backward 

citations show the strength of the technology base. Sometimes, it is possible that patent backward 

citations can also restrain the extent of patented innovations (Reitzig, 2003). 

Non-patent citations is to measure the closeness with basic research (Huang et al., 2013; Tseng et al., 

2011; Meyer, 2000). Most knowledge of university R&D is published on scientific publications. An 

increase in the number of non-patent citations will strengthen the association with science and 

scientific knowledge base (Harhoff et al., 2003; Wang, 2007). 

Patent age is the time interval from the date of patent authorized to 2014. Patent age is the period of 

patent protection. The period of patent protection is longer means that the patented technology can 

produce the value for the patentee over time (Fischer and Leidinger, 2014). It will also suppress the 

patenting behavior of other people.  

3.3 Statistical models 

In terms of our theoretical assumption, patent quality is an intermediary variable of our model. When 

they are regarded as the dependent variable, this paper examines the influence of patent collaboration 

to quality respectively since the different nature of forward citations and family size. The forward 

citations and family size frequency fall in a category of typical count data. So, the count model was 

used to test the hypothesis (Sapsalis et al., 2006; Lee et al., 2007). To be specific, the difference 

between mean and variance of forward citations was big, and the negative binomial model was 

adopted to test H2a and H2b; Equation (1) is the negative binomial model, which adding an omitted 

variable ui to overcome constraints of the equal between mean and variance. exp(ui) follows a gamma 

distribution with mean 1 and variance α.  

         

 
Pr

iy

i i
i i

i i i

y
ob y x

y


 

    

    
     

     
 exp( )i i i ix u    (1) 

The difference between mean and variance of family size was small, and the Poisson regression model 

was adopted to test H2c and H2d; Equation (2) is the Poisson model. Among them, βi is the vector of 

parameters associated with the vector of explanatory variables xi. λi is the estimator of the Poisson 
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parameter explaining the number of forward citations and εi is the error term. 
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When patent assignment is regarded as the dependent variable, patent collaboration and patent quality 

as the independent variable. The logistic regression model was adopted to test H1 and H3. Equation (3) 

is the logistic model, including three sets of explanatory variables. The first one is the set of patent 

collaboration (PC). It includes the collaboration size and collaboration type. The second is patent 

quality (PQ). It is composed of technical quality (forward citations) and economic quality (family size). 

The third is control variables (CV). α, β and γ is the vector of parameters associated with the vector of 

explanatory variables, εi is the error term, and θ is constant. 
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4.  Results 

4.1 The descriptive statistics and correlation analysis 

Patent assignment refers to patent transferred from universities to enterprises generally. Combining 

with patent collaboration, patent assignment was summarized into three types, as shown in table 2.  

First, the university undertake R&D and patenting the result independently, then transfer the 

ownership of the patent to an enterprise completely; Second, R&D and application of the patent is 

collaborated by enterprises and universities, then the university transfer all his rights to this enterprise 

when the patent have been authorized successfully; Third, both enterprises and universities develop 

the technology together, the university will transfer all his rights to the other enterprise when the 

patent have been authorized successfully. The first two types are patented by the one enterprise alone, 

and the last one is owned jointly by the two enterprises. 
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Table 2  The types of patent assignment 

Former  

Patentees 
Transferring Examples 

Number

s 

Universities 

Universities

→ 

Enterprises 

Patent 7166306: 

Former patentee: Fudan University 

Later patentee: Rohm and Haas Company 

11 

Universities & 

Enterprises A 

Universities

→ 

Enterprises 

A 

Patent 8552110: 

Former patentee: Shanghai Jiaotong University; 

Shanghai Allrun Nano Science and Technology Co., 

Ltd. 

Later patentee: Shanghai Allrun Nano Science and 

Technology Co., Ltd. 

5 

Universities & 

Enterprises A 

Universities

→ 

Enterprises B 

Patent 8019097: 

Former patentees: Tsinghua University; Hon Hai 

Precision Industry Co., Ltd. 

Later patentees: Beijing Funate Innovation 

Technology Co., Ltd.; Hon Hai Precision Industry 

Co., Ltd. 
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The data descriptive statistical and partial correlation analysis are shown in table 3. The average value 

of patent assignment is 0.033, indicating that only about 3.3% of the patent is assigned to enterprises. 

The rate of patent assignment in Chinese university is very low. The average value of patent 

collaboration size is 1.7, indicating that the proportion of patent collaboration is prominent. The 

average value of patent collaboration type is 0.69, indicating that patent collaboration with enterprises 

is universal in Chinese university. The average value of forward citations is only 2.0, while its 

standard deviation is 13.393. Obviously, Chinese universities‘ difference of patent forward citations is 

large. It is worth noting that the forward citations of more than 80% of patents is zero, indicating that 

most patents is unused to the later development of technology. The average value of family size is 3.4, 

which means that most patents are granted in China initially, then entering into other counties‘ patent 

offices through Patent Cooperation Treaty (PCT). These patents could be applied in third countries 

except China and the U.S. at least. The average value of patent protection period is 3.813. It is possible 

that Chinese universities are increasing the patent application and granted in the USPTO recently and 

the sustaining time of granted patents was short  

Collaboration type is positively correlated with collaboration size (Z=0.860, p =0.000), which 

described a strong correlation between two variables. From the perspective of definition, collaboration 

type refers to whether or not the partners of universities is enterprise, collaboration size refers to the 

number of patentee. Universities‘ patent collaboration with academic institutes is seldom but with 

enterprises is more in the sample. The number of patentee is relatively high since patent collaboration 

drives more partners into R&D and patenting process. However, these two indicators examine two 

different aspects of the patent collaboration. Therefore, the analysis below will retain both 

collaboration size and collaboration type. We will add them to the model respectively to avoid the 

impact of the high correlation between variables on the overall fit of the model. Collaboration type is 

positively correlated with Tsinghua as well (Z=0.579, p =0.000) , which described a moderate 



 

 303 

correlation between two variables. It shows that there is a larger proportion of university-enterprise 

collaboration patent in Tsinghua university. Furthermore, the correlation coefficient between the other 

variables are all less than 0.3, which denote a weak correlation between variables. 
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Table 3  Descriptive statistical and Partial Correlation analysis 

 
Mean Std.De

v. 
Min Max 1 2 3 4 5 6 7 8 9 10 11 12 13 

1.Assignment 0.033 0.180 0  1  
1 

    
 

       

     
 

       
2.Collaborati

on size 
0.692  0.462 0  1  

-0.062
*
 

1 
   

 
       

0.020 
    

 
       

3.Collaborati

on type 
1.741  0.501 1  4  

0.067
*
 0.860

*

*
 

1 
  

 
       

0.012 0.000 
   

 
       

4.Forward 

citations 
2.015  13.393 0  410  

0.066
*
 -0.014 0.016 1 

 
 

       
0.012 0.610 0.539 

  
 

       

5.Family size 3.417  1.768 0  129  
0.072

*

*
 

0.022
*
 0.020 -0.049 1  

       
0.006 0.412 0.448 0.066 

 
 

       

6.Tsinghua 0.698 0.459 0 1 
-0.040 -0.293

**
 

0.579
*

*
 

-0.006 -0.116
**

 

        

0.130 0.000 0.000 0.835 0.000         

7.Claims 14.434  7.006 1  65  
-0.005 -0.050 0.130

*

*
 

0.049 0.060
*
 0.102

*

*
 

-.078 

1 
      

0.844 0.061 0.000 0.065
*
 0.024 0.000 

       

8.IPC 2.056  1.949 1  21  
-0.029 0.007 -0.006 0.029 0.021 -0.078

**
 

0.026 1 
     

0.280 0.802 0.815 0.276 0.428 0.003 0.328 
      

9.Inventors 4.626  2.643 1  31  
-0.015 0.022 0.015 -0.020 0.255

*

*
 

0.031 -0.040 -0.057
*
 

1 
    

0.562 0.405 0.579 0.441 0.000 0.239 0.129 0.032 
     

10.Specificati

ons 
14.080  8.778 3  77  

0.119
*

*
 

-0.005 0.019 -0.016 0.082
*

*
 

-0.003 0.162
*

*
 

0.025 -0.052
*
 

1 
   

0.000 0.852 0.473 0.548 0.002 0.900 0.000 0.348 0.050 
    

11. Backward 

citations 
22.270  47.946 0  413  

-0.004 

-0.006
**

 

0.006
*

*
 

-0.051 0.074
*

*
 

-0.008 0.120
*

*
 

0.071
*

*
 

0.036 -0.059
*
 

-0.093
**

 
0.007 1 

  
0.876 0.057 0.005 0.769 0.000 0.007 0.169 0.026 0.000 0.786 

   
12.Non-paten

t citations 
3.923  11.939 0  349  

0.090
*

*
 

0.193
*

*
 

-0.195
**

 
0.006 0.095

*

*
 

-0.006 0.047 0.050 0.008 0.255
*

*
 

0.280
*

*
 

1 
 

0.001 0.000 0.000 0.818 0.000 0.812 0.075 0.058 0.756 0.000 0.000 
  

13.Age 3.813  3.566 1  28  
0.093

*
 0.021 -0.065

*
 

0.281
*

*
 

0.153
*

*
 

0.076
*

*
 

0.010 0.287
*

*
 

-0.002 -0.209
**

 
-0.050 -0.007 1 

0.000 0.437 0.015 0.000 0.000 0.004 0.711 0.000 0.949 0.000 0.060 0.784 
 

Note： **p<0.01，*p<0.05。 
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4.2 Regression analysis 

Table 4 presents the results for the analyses that test Equations (1) and (2). Since the preponderance of 

zeros, we verify the degree of zero-inflated of each model through a Statistics of ―Vuong‖. The results 

illustrate that it will prefer ordinary count model to zero-inflated model based on the sample. We 

conduct a Wald test for model 1-6 that examines the significant of the whole.  

Table 4 The empirical results of the impact of patent collaboration on patent quality 

Independent 

variables 

Forward citations Family size 

Negative binomial model Poisson regression model 

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 

Collaboration size 
 

0.200
**

  

 

0.032
*
 

 

 

0.000  

 

0.012 

 
Collaboration type 

 

 0.279
**

 

  

0.048
*
 

 

 0.000 

  

0.016 

Tsinghua 
0.253

**
 0.242

**
 0.287

**
 0.034

**
 0.037

**
 0.048

**
 

0.000 0.000 0.000 0.001 0.000 0.000 

Claims 
0.013

*
 0.013 0.013 0.003 0.003 0.003 

0.036 0.076 0.104 0.071 0.114 0.149 

IPC 
0.038

**
 0.038

**
 0.038

**
 0.007 0.007 0.007 

0.000 0.000 0.000 0.510 0.556 0.543 

Inventors 
0.029

*
 0.029

*
 0.028

*
 0.007

**
 0.007

**
 0.007

**
 

0.028 0.019 0.016 0.000 0.000 0.000 

Specifications 
0.014 0.013 0.013 0.001

**
 0.001

**
 0.001

**
 

0.313 0.404 0.339 0.000 0.000 0.000 

Backward citations 
0.002 0.002 0.002 0.000

**
 0.000

**
 0.000

**
 

0.914 0.868 0.713 0.000 0.000 0.000 

Non-patent 

citations 

0.014 0.016 0.016 0.001
*
 0.001

*
 0.001

*
 

0.350 0.409 0.242 0.031 0.071 0.024 

Age 
0.043

**
 0.042

**
 0.043

**
 0.005

**
 0.005

**
 0.005

**
 

0.000 0.000 0.000 0.000 0.000 0.000 

Constant 
0.385

**
 0.542

**
 0.396

**
 0.057

**
 0.070

**
 0.058

**
 

0.000 0.000 0.000 0.000 0.000 0.000 

Wald chi2 
304.78

**
 315.12

**
 322.82

**
 126.14

**
 128.42

**
 126.44

**
 

0.000 0.000 0.000 0.000 0.000 0.000 

Note： **p<0.01，*p<0.05. 

Model 1 and model 4 display the results for the model with control variables only. It shows that the 

variables of claims, IPC, inventors and patent age are positively related to patent forward citations and 
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the forward citations of Tsinghua‘s patent is more than others‘ based on model 1. Model 2 and 3 

predict the impact of patent collaboration on patent technical quality. The model 2 confirms H2a, 

suggesting that collaboration size has a positive influence on the forward citations of patent (Z=0.200, 

p=0.000). Similarly, the model 3 confirms H2b, suggesting that collaboration with enterprise has a 

positive influence on forward citations of patent (Z=0.279, p=0.000). This supports our theory that 

patent collaboration is positively related to the patent technical quality. 

Table 5 The empirical of the impact of patent collaboration, patent quality on patents assignment 

Independent 

variables 

Model 

1 

Model 

2 

Model 

3 

Model 

4 

Model 

5 

Model 

6 

Model 

7 

Model 

8 

Collaboration size 
 

0.366  

   

0.367 

 

 

0.931  

   

0.917 

 
Collaboration type 

 

 0.492 

    

0.491 

 

 0.185 

    

0.253 

Forward citations 
   

0.005 

 

0.005 0.005 0.005 

   

0.253 

 

0.139 0.139 0.132 

Family size 
    

0.066
**

 0.066
**

 0.066
**

 0.067
**

 

    

0.009 0.006 0.006 0.008 

Tsinghua 
0.370 0.415 0.464 0.372 0.383 0.385 0.422 0.472 

0.844 0.891 0.330 0.862 0.986 0.965 0.935 0.526 

Claims 
0.018 0.018 0.019 0.019 0.019 0.019 0.019 0.020 

0.370 0.367 0.460 0.458 0.461 0.559 0.555 0.648 

IPC 
0.090 0.090 0.091 0.095 0.098 0.103 0.103 0.104 

0.324 0.329 0.253 0.279 0.200 0.160 0.163 0.126 

Inventors 
0.057 0.058 0.059 0.057 0.059 0.059 0.060 0.060 

0.957 0.971 0.782 0.999 0.473 0.471 0.490 0.384 

Specifications 
0.012

**
 0.012

**
 0.118

**
 0.012

**
 0.012

**
 0.012

**
 0.012

**
 0.012

**
 

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Backward citations 
0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.002 

0.424 0.422 0.490 0.427 0.545 0.553 0.550 0.625 

Non-patent 

citations 

0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006 

0.167 0.171 0.132 0.165 0.367 0.269 0.271 0.219 

Age 
0.032

**
 0.033

**
 0.034

**
 0.034

**
 0.034

**
 0.036

**
 0.037

**
 0.038

**
 

0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 

Constant 
0.561

**
 0.712

**
 0.580

**
 0.566

**
 0.575

**
 0.578

**
 0.739

**
 0.595

**
 

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

LR 
40.02

**
 40.03

**
 41.82

**
 41.22

**
 46.21

**
 48.13

**
 48.14

**
 49.46

**
 

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Note： **p<0.01，*p<0.05. 

We can conclude that the variables of inventors, specifications, backward patent citations, non-patent 

citations and patent age are positively related to patent family size and the family size of Tsinghua‘s 

patent is more than others‘ according to model 4. Model 5 and 6 predict the impact of patent 

collaboration on patent economic quality. The model 5 confirms H2c, suggesting that collaboration 

size has a positive influence on family size of patent (Z=0.032, p=0.012). We can conclude from the 

model 6 as hypothesized in H2d that collaboration with enterprise has a positive influence on family 

size of patent (Z=0.048, p=0.016). This point to the positive relationship between patent collaboration 
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and the patent economic quality. 

Table 5 presents the results for the analyses for Equations (3). The LR statistical is significant in 

model 1 to 8, suggesting that the model have extremely good fitting degree. Model 1 display the 

findings for the model with control variables. We find that pages of specifications and patent age are 

positively related to the likelihood of patent assignment. Model 2 to 5 add the collaboration size, 

collaboration type, forward citations and family size successively into the Equations (3), and examine 

their effect on patent assignment. Results for model 5 show that, as proposed in H3b, there is a 

positive relationship between patent family size and patent assignment (Z=0.066, p=0.009). However, 

model 2 to 4 fail to test the relationship between patent assignment and patent collaboration, patent 

technical quality, as the hypotheses in H1a, H1b and H3a. Model 6 and 8 include more than one 

variable excepting collaboration size and collaboration type, and the results have no significant 

difference to model 2 and 5. 

5.  Discussions and Conclusions 

This study explores the relationship between patent collaboration, patent quality and patent assignment 

in the case of Chinese universities. Our findings are almost consistent with prior work, and also 

expand the prior theories between patent collaboration, patent quality and patent assignment. As we 

know, most of the experiences on commercialization of S&T achievements exist in developed 

countries. Furthermore, we attempt to compare the similarities and differences of this issue within 

China and developed countries. 

From the actuality of patents in Chinese universities, it shows as follows. The proportion of patent 

collaboration in Chinese universities is higher than that in all organizations (Sun and Cao, 2015), 

particularly the proportion of patent collaboration with enterprises is approximately 69%. On other 

hand, the rate of patent assignment is very low, only about 3.3% of all patents. Accordingly , the 

average value of forward citations is only two and of family size was 3.4.  

Our research could contribute to the studies of the relationship between patent collaboration and patent 

quality. The findings show that collaborative size and type both have significantly positive effect on 

technical quality and economic quality. This findings enrich Chinese evidences for Sapsalis‘s 

argument ―collaboration can enhance the technical quality of the patent‖, and propose that 

collaboration have a positive impact on the patent economic quality as well. 

Furthermore, the empirical result suggest that the economic quality of patents could promote patent 

assignment significantly. However the influence of patent collaboration and technical quality on patent 

assignment is not significant. Existing studies claimed that the collaboration between universities and 

enterprises will promote the patent assignment of universities (Decter et al., 2007; Macho - Stadler et 

al., 2007; Lee, 2009; Sapsalis and van Pottelsberghe, 2007). However, Chinese universities prefer 

collaboration with enterprises to assigning patent toward enterprises. Existing literature indicate that 

patents with high quality are more likely to transfer (Mowery and Ziedonis, 2002; Sterzi, 2013). Our 
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paper divide patent quality into economic and technical quality, the result show that the economic 

quality of patents is more useful for patent assignment. 

According to our results, in the case of China, universities collaboration between enterprises could 

strengthened to improve both the technical quality and the economic quality of universities‘ patents. 

Meanwhile, universities should pay more attention to the economic value of patents‘ technical quality.  
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1.  Introduction 

While economic development was traditionally a matter of the industry sector, in the era of 

knowledge-based society it has been increasingly dependent on industry‘s cooperation with 

organizations of knowledge production (Lundvall, 1992). In this context, university has transformed 

from a secondary to primary institution for economic growth (Etzkowitz, 2008). As a response, 

universities, traditionally focusing primarily on teaching and research, have turned to be more engaged 

with industry and society (Etzkowitz, Webster, Gebhardt, & Terra, 2000). Universities perform their 

social engagement function, or the third mission, mainly through technology transfer, continuing 

education and other kinds of social engagement (E3M, 2010), among which technology transfer is 

more prominent for industrial innovation and economic growth(Cesaroni & Piccaluga, 2015). Such 

pattern is also seen in China: on the one hand there is a close relation between economic growth and 

the innovation capacity of Chinese industry, and on the other hand university/industry technology 

transfer (UITT) has become an important source of industry innovation (Cai & Liu, 2015; Orcutt & 

Shen, 2010; Tang, 2009; Wu & Zhou, 2012). 

The recent emphasis on UITT can be dated to the 1980 enactment of the Bayh-Dole Act in the USA 

(Friedman & Silberman, 2003). As provided by the legislation, universities are able to retain 

ownership of inventions made under federally funded research, and a firm that engages in productizing 

an invention patented by a university can hold an exclusive license once granted by the university. 

Since then, UITT has been developed in a number of ways, mainly including patenting and licensing 

technology innovation, direct cooperation with enterprises through contact based R&D cooperation, 

and set-up of spin-off enterprises or university run enterprises. 

The first China‘s effort to emulate the Bayh-Dole approach took place in 2002 when the Ministry of 

Finance and the Ministry of Science and Technology co-issued the Several Regulations Concerning 

Intellectual Property Management of State Scientific and Research Program Result (Hereafter refers 

to Regulations) to improve the process of technology licensing or transfer(Lin & Foley & Lardner 

LLP, 2011). Many scholars regarded the Regulations as the Chinese version of ‗Bayh-Dole Act‘, and 

believed it was among the crucial factors to the remarkable growth of university patenting(Wei Hong, 

2008; Tang, 2009). For instance, the number of applied patents and granted patents respectively 

increased 40% and 47.5% from 2003 to 2005(Tang, 2009). Although we consider that the impact of 

the ―Chinese version of Bayh-Dole Act‖ cannot be ascertained due to lack of empirical research, its 

positive role for facilitating UITT is apparent.   

The further legal provision for providing universities with IP rights to government-funded inventions 

was the 2007 Law on Science and Technology Progress, which upgrades the provisions of the 

Regulations with respect to intellectual property ownership to the level of national law.The law grants 

intellectual property ownership to the undertakers of projects sponsored by governmental funding (Lin 

& Foley & Lardner LLP, 2011). These efforts have ushered the university technology transfer into a 
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new and fast growing stage; in the past one and half decades Chinese universities have greatly 

improved their ability to create and diffuse commercially-useful technology (Orcutt & Shen, 2010, p. 

231).For instance, the passage of the Regulations on the Management of IP Arising from National 

Finance S&T Programs in May, 2002 proposed by the Ministry of Science and Technology and the 

Ministry of Finance to the State Council, officially authorized the ownership of the IP generated from 

the government sponsored national program to the program undertakers, including universities. 

Nevertheless, it should be noted that the activities of university technology transfer in China already 

started as early as in the 1980s when similar phenomena took place in many Western countries and the 

importance of science and technology appeared to be in an important place in China‘s national 

development policies. The recent developments of UITT are to a large extent based on the 

experimental experiences in the 1980s and 1990s. However, the research on university technology 

transfer in China has been relatively lagged behind compared to that in the West. As reviewed in the 

next section (Literature Review), one particular research gap is that there is a lack of holistic and 

comprehensive understanding on existing organizational forms of UITT, or university technology 

transfer organizations (UTTOs) in China. The gap has not only become a barrier for policy-makers to 

find optimal models of UITT but also hamper researchers to understand/compare a variety of existing 

studies on UTTOs for knowledge advancement. 

To fill the gap, this paper asks the two research questions: What are the major types of UTTOs in 

China since 1980s and what are the major features of each type? To answer these questions, we will 

take Tsinghua University as an example to illustrate the evolution of various UTTOs as well as their 

characteristics. TH is the leading science and technology university of China. It is the earliest 

university trying to commercialize knowledge and research, and its successful practices has been 

emulated by many other Chinese universities. Thus, the evolution of UTTOs within TH can be 

approached as a microcosm of a general situation in China.  

The research employs a qualitative research method including analysis of relevant academic literature 

and policy document and semi-structured, in-depth interviews during 2011-2013. The interviewees are 

practitioners involved in technology transfer at TH, and each interview lasted about two and half hours. 

The interviewees include: 

 Key personnel from the Department of Scientific Research and Development (DSRD), who 

are responsible for technology transfer activities, patent management, licensing, legal disputes 

of intellectual property, R&D results portfolio maintenance, the scientific awards and spin-out 

services (N=7). 

 Former Director of the Science and Technology Development Office (STDO) in the 1990s 

(N=2). 

 Professors who have doing research on technology transfer and involved in policy making 

process in China (N=2).  

 Professors engaged in national technology transfer projects in six different disciples (N=6).  
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 Founders and the top managers of- university-run enterprises(N=4), 

 Staff in Tsinghua Science park (N=1) who was in charge of the assessment of start-ups in the 

TusPark.  

The rest of the paper is structured as follows. First, a review of relevant literature on Chinese UITT is 

provided with the aims to both provide a background of the UITT in China and to identify the research 

gaps in the field. Next, we develop a framework for developing the typology of university technology 

transfer organizations (UTTOs) in China by integrating the conceptual frameworks of Poglajen (2012) 

and Schoen, van Pottelsberghe de la Potterie, and Henkel (2014). Then, the framework is applied for 

understanding and analyzing various UTTOs in China and particularly in TH. Finally, it concludes 

with a typology of the UTTOs as well as key features of each type in China.  

2.  Literature Review  

2.1  Identification of research gap 

The research on UITT in China is very recent. The literature on the topic mainly deals with the 

institutional environment of university technology transfer, particularly policy context (Huang, 

Audretsch, & Hewitt, 2013; Wu & Zhou, 2012) and legal framework (Orcutt & Shen, 2010), the 

productivity and performance of university technology transfer (Wei Hong, 2008; Miesing, Tang, & 

Li, 2014).There are also studies indirectly coping with university technology transfer or 

university-industry links under the label of innovation system (H. Wang & Zhou, 2008; Xue, 2006), 

Triple Helix (Cai, 2014; Cai & Liu, 2015), and third mission (Yuandi Wang, Huang, Chen, Pan, & 

Chen, 2013). 

Meanwhile some scholars also respectively explored different forms of UITT(Dai & Xue, 2011)and 

UTTOs, such as Science Parks(Zou & Zhao, 2013), national technology transfer centers (Miesing et 

al., 2014)and university-run enterprises (Eun, Lee, & Wu, 2006; H. Wang & Zhou, 2009).Two recent 

comprehensive studies on UITT in China are respectively provided by Tang (2008) and Rao (2013). In 

her book, Tang (2008) examined various aspects of UITT and some examples of UTTOs in the 

context of innovation system in China. Through his study of measuring the impact of resource input 

on patent technology transfer activities of Chinese universities. Rao (2013)demonstrated the 

development of UTTOs in China as a process of constant change and adaptation. While these studies 

tend to explore specific forms of UITT and UTTOs cases, only scant studies try to provide a holistic 

view and even to categorize UITT activities and UTTOs. 

With a specific aim to better understand the pattern and nature of UITT in China, Liu and Jiang (2001) 

first time provided a profound and systematic review of Chinese university technology transfer and 

identified five measures of UITT at TH since 1995: (1) Establishment of the University–Industry 

Cooperation Committee,(2)Technology transfer through collaboration with local 

governments,(3)Establishment of high technology companies in partnership with enterprises, 

(4)Building-up a Science and Technology Cooperation Network of Chinese 
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Universities,(5)Collaboration with enterprises. 

Yi Wang and Lu (2007) developed a two-dimension typology for understanding university and 

industry links, namely knowledge gap and knowledge stickiness. ―The knowledge gap refers to the 

degree of institutional proximity as well as the level of mutual understandings across organizational 

boundaries between academic researchers and business managers and knowledge stickiness indicates 

the complexity and difficulties associated with the process of technology transfer‖ (p. 123). They 

further applied the framework to understand different UITT activities at TH. 

Again using TH as a case, Dai and Xue (2011)discussed the types of university and industry links. 

They noted that universities primarily transform knowledge to the market and industry through 

university graduates as well as the new knowledge generated by university-based research projects. In 

their paper, they identifiedfive models of UITT:(1)Technology contracts, (2) Intellectual Property 

Transfer and Licensing, (3) Joint Research Centers, (4) University Sciences Parks, (5) 

University-Owned Enterprises. 

In 2006, Jong-Hak Eun and his colleagues concluded that the university-owned enterprises (UOEs) 

became the prevalent form of governance through which the transfer of science and technology from 

university to industry was implemented (Eun et al., 2006). Three years later, Eun (2009) asserted: 

since the millennium, university-owned enterprises (UOEs) have declined, and meanwhile other forms 

of university–industry links have become more popular. While UOEs can be understood as vertical 

links, the emerging new forms represent horizontal links, such as collaborative research between 

universities and firms, education and training, information exchange between universities and firms, 

academic research, transferring proprietary technology (patent licensing), university science parks, and 

spin-off companies.  

While acknowledging that all these studies mentioned above form a solid foundation for further 

understanding UITT and UTTOs in China, some limitations can be observed as follows. First, there 

have been even no clear definitions of UTTOs. Second, while many forms of university and industry 

links and UTTOs are discussed, few examine them from an evolution perspective. In other words, 

there is a lack of understanding on the interdependency or path-dependency among different UTTOs. 

Third, although the current studies indicate that UTTOs are one but important approach to transferring 

technology from university to industry in China, none of them have focused on organizational 

characteristics of the UTTOs. Forth, while TH is often used as an example to demonstrate UITT in 

China, few have located it in a larger picture of the development of UITT in the country. These 

challenges urgently demand a proper theoretical framework which addresses the research gaps as well 

as empirical studies to testify the framework. 
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2.2 Background of university technology transfer in China 

In China, the government has advocating an application-based science policy since 1949, encouraging 

universities to work closely with industry to enhance the competitiveness of Chinese industry (W. 

Hong, 2008). Until the end of 1970s, the knowledge and technology transferred from the university to 

the industry were mainly through ‗technology service‘ or ‗technology docking‘, or from the 

university-run factories, while the technology receivers did not pay anything for the provider. The 

main motivation for universities‘ engagement in technology transfer without economic incentives lied 

in their belief that solving technological problems for factories can enhance university‘s social 

recognition and reputation. More importantly, university serving the society‘s needs was a 

governmental mandate in a centrally planned system.  

From 1980s to 1990s, China has experienced significant change in transforming its economic system 

to be more market oriented and in the same time put forward the strategies for revitalizing the nation 

through science and education. The government has gradually provided a solid legal environment in 

which technology transfer is enabled and encouraged. During that period, a series of laws and policies, 

and most important ones are listed in Table 1.  

Table 1. Major legal and policy documents for promoting technology transfer 

Year Policies and laws Issuing 

organization 

1982 The Economy Contract Law NPC 

1985 The Patent Law NPC 

1987 The Technology Contract Law NPC 

1993 The Progress of Science and Technology Law NPC 

1995 Decision on Promoting the Process of Science and Technology  CPC & the State 

Council 

1996 Law of the People‘s Republic of China on Promoting the Transformation 

of Scientific and Technological Achievements 

NPC 

1999 Regulation on Promoting the Technology Transfer  MOST&MOE 

2001 Decision About Strengthen Technical Innovation, Developing high-tech, 

and Industrialization 

CPC and the State 

Council 

2002 On the Development of Science and Technology Intermediary Agencies MOST 

2006 Medium and Long Term Framework On the National Science and 

Technology Reform (2006-2020) 

The State Council 

2012 Higher Education Innovation Ability Promoting Plan (2011 Plan) MOE&MOF 

Sources: The authors 

In addition to policy context, when analyzing technology transfer and UTTOs in the China, we must 

be aware of a larger social institutional environment fostering innovation as well as interactions 

between key actors in innovation systems. The context facilitating Triple Helix interactions between 
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university, industry and government(Etzkowitz & Leydesdorff, 1995, 1997)is understood by Cai 

(2015)as seven institutional logics : 

 Shared beliefs on knowledge as a key to economic growth  

 Market oriented organizational cultures 

 Process oriented management culture in technology innovation 

 Effective protection for intellectual property right (IPR) and market participants  

 Civil society 

 Competitive market environment  

 Democratic policymaking process  

Cai (2014) points out that although Chinese economic reforms have changed the policy environment 

in a direction that may facilitate the implementation of the Triple Helix model in China, some 

institutional logics at work may shape its development in a different way as seen in the West. The 

institutional logics that are gradually coming closer to those of the West include: 1) beliefs in 

technology innovation as a key to economic growth, 2) market orientation, 3) IPR protection, and 4) 

market competition. The other three institutional logics, namely 1) process management, 2) civil 

society, and 3) democracy in policymaking, aligned with the Triple Helix activities in the West are 

largely absent in China. The counterparts of these logics in China are deeply rooted in the Chinese 

traditions and political system, and are likely to persist in the foreseeable future. 

For instance, regarding the technology transfer, the IPR protection indeed plays a key role. Although 

the Provisional Regulations for the Protection of the Right of Invention and Patent Right was enacted 

in 1950, it had never been implemented due to the special political system of China in which IPR as a 

private rights was in contradiction to the mainstream of public ownership. The first legislation on IPR 

introduced in China was the Patent Law in 1985. Thereafter, China formed its basic intellectual 

property system from the middle 1980s to the early 1990s.Meanwhile, the Chinese IPR laws have 

been developed more in line with international standards from the beginning. There has been a 

growing awareness that IPR is a precondition for both China‘s domestic technology development and 

its access to advanced technologies from the developed countries. However, the problem in China is 

the inadequate reinforcement of the IP laws (L. Wang, 2004). This results in a lack of trust between 

knowledge production and knowledge application organizations for developing effective and 

reciprocal cooperation relationships (X. Wang, 2011). 

As university is the key actor in technology transfer, it is important to know the context of Chinese 

higher education. Since the 1980s, Chinese higher education has undergone fast expansion and 

development, and now China has the largest higher education system in the world in terms of both 

total enrolment and degrees awarded every year. The Chinese higher education system consists of 

2491 higher education institutions(HEIs), accommodates nearly 25 million students and awards 

millions of degrees every year(Chinese Ministry of Education, 2014). The HEIs are normallydivided 

into four layers, namely research institutions, research and teaching institutions, teaching institutions, 
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and application oriented institutions (Cheng, 2004, p.207-208). 

To support the national strategy to develop the country‘s economy based science and technology 

(S&T), profound cooperation between Chinese enterprises and universities has taken place since the 

end of 1990s. In addition to carrying out basic research, universities especially those in the first and 

second layers are playing an increasingly important role in solving significant science and technology 

issues in the national economy and in technology transfer(Cai, 2011; Cai & Yan, 2015). Research 

universities are typically ‗project 985‘ universities. Project 985 is a national effort to create 

world-class universities for the 21
st
 century, launched after the former Present Jiang Zemin‘s speech 

on May 4, 1998, who declared that ‗China must have a number of world class universities‘. Currently 

there are 39 ‗project 985‘ universities. All the ‗project 985‘ institutions are part of ‗project 211‘, which 

was launched in 1993 as a result of the Chinese government‘s endeavour to strengthen about 100 

higher education institutions as a national priority for the 21st century. Currently there are 112 ‗project 

211‘ institutions. For example, the number of patent application and patent authorization of the ―985‖ 

universities and ―211‖ universities accounts respectively for 71.4% and 70.6% of the total university 

patent activities in the country(Education, 2012). As an extension and development after the two 

projects, a new project has been launched in Chinese higher education in 2012, namely the ―Plan 2011‖ 

(Higher Education Innovation Ability Promoting Plan). Its overall goal is to promote the universities‘ 

innovation ability in making full use of their innovation resources and elements, and form the new 

mode of cooperative innovation in collaboration with other research institutes and industry. In so 

doing, the central government will provide special funding for those research centers of universities 

selected in the Plan. 

3.  An analytical framework for understanding UTTOs and developing a typology of UTTOs 

In this section, we try to build an analytical framework for understanding UTTOs in China based on 

synthesizing relevant studies concerning models of UITT. It has been demonstrated that the successful 

technology transfer depends not only on the capacity of the creator of the IP (Wright, Birley, & Mosey, 

2004, p. 235), but also on efficient ways of organizing the process of technology transfer (Heinzl et al., 

2013).As it is presented later in this section, how technology transfer is organization mainly 

reflectedin the both the functions and structures of UTTOs, which thus form a basis for understanding 

UTTOs and developing a typologyof them.Before going further to the analytical framework, 

defections of UITT and UTTOs must be provided. 

3.1 Definition of UITT and UTTOs 

The term UITT is often referred to the process whereby invention or intellectual property from 

academic research is licensed or conveyed through use rights to a for-profit entity and eventually 

commercialized (Friedman & Silberman, 2003, p. 18). In this definition, the technology is mainly 

concerned with invention or intellectual property (IP) from academic research and the transfer is about 

how the technology is licensed or conveyed through use rights to a for-profit entity and eventually 
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commercialized (Teng, 2010, p. 297). However, the university‘s contribution to the industrial world is 

not simply about patenting through patents and technology for developing new products, but also new 

ways of organizing things through entrepreneurial support and consulting (Poglajen, 2012). In this 

light, we follow Heinzl, Kor, Orange, and Kaufmann (2013, p. 613), who define UITT as ―the process 

of moving technology from an institution of the science base (e.g. a higher education institution) to an 

industrial organization, which successfully commercializes the technology through the implementation 

of new processes, the development and launch of new products or the facilitation of a successful and 

innovative organizational change‖. The technology transfer between academia and industry are 

normally organized activities. 

The UITT activities are often conducted in organisations, called technology transfer organisations 

(TTOs), which act as an intermediaries between the academics who are expected to produce new 

knowledge and technology and the firms or other potential investors interested in acquiring the 

technological assets (Franzoni, 2007, p. 51). TTOs include both universities‘ internal offices for 

technology transfer and independent agencies, such as industrial liaison offices, incubators, campus 

ventures, science parks, university-run enterprises, and spin-offs. Indeed, TT involves wide ranges of 

organisations in different sectors. This study confines its focus to UTTOs which refer to those 

organizations performing the role of UITT but with strong organizational ties with universities. They 

may be a university‘s internal units, business entities owned or partially owned by the university, 

R&D centres and incubators jointly run by universities and regional government, etc.  

3.2 Organizational characteristics of TTOs 

While a number of studies have tended to understand organizational characteristics of UTTOs 

(Friedman & Silberman, 2003; Link & Siegel, 2005; Markman, Phan, Balkin, & Gianiodis, 2005; 

Siegel, Waldman, & Link, 2003; Siegel, Waldman, Atwater, & Link, 2003), Poglajen (2012) made a 

comprehensive summary of different organizational characteristics of UTTOs (Table 2).  

Table 2.Characteristics of UTTOs 

Dimensions for understanding 

the characteristics of UTTO 

Descriptions 

1. Centrality/autonomy Autonomy refers to the extent the UITT units are dependent (or 

autonomous) in decision-making. 

Centrality refers to the level of the decision-making, whether the 

UTTO makes own decision or need to present their decisions for 

approval to higher levels.   
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2. Specialization The specialization refers to the extent to which the UITT activities 

arespecialized. For instance whether an UITT unit is specialized in 

one or more activities among the following types:   

a) Type A: valorization and IP-services. 

b) Type B: entrepreneurial support. 

c) Type C: contract research with industry and research funding, 

and to increasing level also. 

d) Type D: consulting. 

Highly specialized UITT refers to it performs only Type A, while 

it performs all four types of activities, is integrated, and if it 

performs the combination of two types activities represents 

medium integration.  

3. Standardization  

 

Standardization represents the level of fixing the UITT-activities. 

An activity is fixed when the procedure for its implementation is 

clear and performed solely by one unit within the same university 

following a specific procedure. As in practice there is no uniform 

and exhaustive definition of UITT activities, the continuum is set 

between low (informal) and high (formal) standardization, 

depending on the practice and self-evaluation of the UITT-unit. 

4. Exclusivity 

 

Exclusivity determines whether the UITT unit provides services 

for one university (exclusivity), or its services are available to any 

organization as well. 

5. Professionalization 

 

Professionalization represents the staff should have a certain level 

of education and certification obtainment as defined by the 

professional associations of the UITT experts.  

6. Funding 

 

Funding indicates where the organization gains funds to finance its 

existence and operations. The sources of funds can be donations 

from founders or non-refundable grants (non-market funds) on one 

hand, and funds gained from charging for the activities performed 

(market funds) on the other. 

Source: Poglajen (2012) 

3.3 Typology of TTOs  

In a similar approach of capering the organizational characteristics of UTTOs, Schoen et al. 

(2014)investigated 16 empirical case studies in six European countries. They further categorize them 

into four models of TTOs, namely (A) classical TTO, (B) autonomous TTO, (C) discipline-integrated 

Technology Transfer Alliance, and (D) discipline-specialized Technology Transfer Alliance (See 

Table 3).  

Table 3. Typology of TTOs 

Characteristics 

Models 

Degree of 

discipline 

specialization 

Degree of task 

specialization 

Level of 

autonomy 

Degree of 

exclusivity 
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A:Classic TTO Discipline 

integrated  

Fully integrated, 

backward integrated 

or forward integrated 

Dependent (on the 

university) 

 

Exclusive (for the 

university) 

B:Autonomous TTO Discipline 

integrated 

Fully integrated, 

backward integrated 

or forward integrated 

Independent 

 

Exclusive  

C:Discipline-integrated 

Technology Transfer 

Alliance 

Discipline 

integrated 

Fully integrated, 

forward integrated or 

IP integrated 

Independent 

 

Non-exclusive 

 

D:Discipline-specialized 

Technology Transfer 

Alliance 

Discipline 

specialized 

Fully integrated, 

forward integrated 

Independent Non-exclusive 

Sources: Schoen et al. (2014) 

The concepts of degree of discipline specialization means whether technology transfer activities focus 

on one specific academic discipline or not, and are occurs on either departmental level or institutional 

level involving all departments. Level of autonomy refers to the whether the organization is integrated 

into the universities‘ administration or outside. Degree of exclusivity refers to TTO serves for a certain 

university or several universities. Degree of task specialization is described as follows. A fully 

integrated TTO is responsible for all the following three activities within one organizational unit, 

namely 1) research funding and services, 2) IP management (including the selection of declaration of 

invention and out-licensing negotiations), and 3) spin-out services. A backward integrated TTO is 

mainly engaged with activities related to research funding services and IP management. When the 

activities related to IP management and spin-out services are executed by the TTO, it is forward 

integrated. An IP integrated TTO is only responsible for IP management.(Schoen et al., 2014). 

3.4 A framework for understanding organizational characteristics of UTTOs 

As UTTOs are part of TTOs, the above literature on typology or characteristics of TTOs will be used 

for developing a framework for understanding UTTOs and potentially developing a typology. 

Compared to Poglajen‘s(2012) six dimensions of organizational characteristics of UTTOs, three are 

excluded in the typology of Schoen et al. (2014), namely professionalization, standardization and 

funding. By integrating both Poglajen‘s(2012) and Schoen et al. (2014), we consider the following six 

dimensions important for understanding characteristics of UTTOs, namely level of autonomy, 

professionalization, degree of discipline specialization, degree of task specialization, degree of 

exclusivity and degree of standardization. The funding dimension in not included because the source 

of funding can be used to illustrate the level of the autonomy UTTOs in term of its financial 

dependence on their host university. The six dimensions are further explained in Table 4 and will be 

used to understanding various UTTOs in China, particular at the TH.  

Table 4. Dimensions for understanding organizational characteristics of UTTOs 

 

Dimension 

Descriptions 
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Types Explanations 

1.Degree of 

discipline 

specialization 

 

Discipline 

integrated 

Involving several disciplines.  

Discipline 

specialized  

Focusing on some specialized areas or certain R&D results.  

2.Degree of Task 

specialization  

 

Fully 

integrated 

Engaging with all range of activities, including 1) research 

funding services and technology consultation 2) IP 

management (including the selection of declaration of 

invention and out-licensing negotiations), and 3) 

entrepreneur activities, such as star-up a firms, spin-out 

services or other business practice.  

Backward 

integrated 

Engaged with research funding services, technical 

consultation and IP management, not involved into the real 

commercial activities. 

Forward 

integrated 

Engaged with the real business operation activities, and IP 

management.  

 

3.Level of 

autonomy or 

centralities 

Dependent (1)Important decision-making made by the upper-level 

institutions.(2) There is steady funding support from budget 

of the upper-level institutions for the existence and 

operation of UTTO, the funding are non-market. (3) More 

than 50% high-level managers of it come from the 

upper-level institutions. (4) the dependent institution will 

undertake the legal and economic risk for its operation. 

They are internal-organizations, without independent legal 

personality.  

Semi-dependen

t  

(1) It works independently but should report to the 

upper-level institution annually. (2)The funds structure 

including allocation from the upper-level institution with a 

small scale, the rest benefit from the technology transfer, 

which are market funds. (3) the university not get involved 

into the operation directly anymore, and bears the limited 

liability merely on how much it invested. They are 

independent legal entities, but keep close ties with the 

university.  

Independent (1) It works independently without report to any other 

institutions. (2) The existence and operation fees come 

from the market.They are truly independent legal entities.   

4.Degree of 

exclusivity 

 

Exclusive  It provides UITT services onlyfor the affiliated university.  

Non-exclusive  It provides UITT services also for other organizations.  

5.Professionalizat

ion  

High level (1) The full-time employee engaged with technology 

transfer have an university degree or higher with 

engineering or science education background. (2) They 

have related working experience, such as project 

management, IP management or enterprises management. 

Those one only have the R&D experience are not 

considered as professional in technology transfer. (3) The 

employee obtained the vocational certification, who are 

familiar with business and legal issues. Most of the 

personnel achieved all the above three requirements is 

deemed as the high level professionalization.  
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Low level Low level professionalizationr refers to the key personnel 

can only achieve two requirements.  

Non 

professionaliza

tion 

Non professionalization refers to the key personnel failed 

to fuilfil any one of the requirements. 

6. 

Standardization 

High 

standardized  

There are formal regulations and a set of fixed rules of 

technology transfer for UTTO to follow.  

Low 

standardized  

There are no well-established regulations of UTTO, when 

the technology transfer activities occur on the case-by-case 

or informal procedures. 

Sources. Synthesized from Poglajen‘s(2012) and Schoen et al. (2014) 

4.  Development of UTTOs in China and examples in TH 

To respond to the policy imperatives as introduced earlier in the paper, a number of organizational 

models for transferring technology from university to the industry have been experimented since the 

1980s in China. In addition, the government has tried to facilitate technology transfer through some 

national Science &Technology programs, such as the National Program on Key Basic Research 

Project of China (973 Program), National High-tech R&D Program of China (863 Program), National 

Key Technology Research and Development Program and the ―Spark‖ Program, etc. Although these 

programs are not analyzed in this study, they are indeed intertwined with UTTOs. To better perform 

their functions, UTTOs are expected to utilize and integrate all these opportunities and channels. 

The development of university TTOs can be divided into four stages, namely the dawn of the 

development of UTTOs (pre-1980s), the development of UTTOs in the 1980s and early 1990s, the 

development of UTTOs since the beginning of 1990s and the development of UTTO development 

since the late 1990s. While taking a national perspective, we use the TH as an example to demonstrate 

the evolution of various kinds of UTTOs throughout the four stages. The organizational characteristics 

of each kind will be described by using the six-dimension framework developed earlier. The 

description and analysis are based on our interview data as well as relevant documents and literature. 

4.1 Dawn of the development of UTTOs (pre-1980s) 

During the period of centrally planned economy between the 1950s and the early 1980s, universities‘ 

scientific projects were ordered from the State for solving technique problems in the industry. Under 

such system, many universities established the units in their administration system responsible for the 

research projects management, often called the ―Scientific Research Department‖ (SRD). The SRD or 

similar departments among Chinese universities did not engage in technology transfer. Rather their 

primary tasks were to organize research, enhance quality, promote cooperation, and facilitate research 

finding applications, etc. 

In TH, the SRD was founded in 1956 with three sub-divisions responsible respectively for the 

management of post-graduate students, research planning and laboratories. Later, it was also for 

purchasing and managing fixed assets(laboratory equipment or apparatus) of the university .The SRD 

had expanded again in 1959 by establishing two new divisions – the Production Office and 

Information& Material Office, and taken the responsibility for managing a university‘s affiliated 
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factory, which was small in scale and served both as base for students ‗practical training and an pilot 

plant for testing the products developed by the university before massive production.  

Until the early 1980s, the basic function of SRD was to administrate the scientific projects of the 

university required by the State, rather than serving as an intermediary organization to transfer 

knowledge from the university to the industry. Therefore, the SRD cannot be considered as a UTTO as 

we understood today. 

4.2 Development of UTTOs in the 1980s and early 1990s 

The UTTOs in real sense only appeared in the 1980s and mainly in two types, namely 1) technology 

transfer offices under the university administration, and 2) university-run enterprises (UREs). The 

former were for coping with emerging needs for UITT. Although the latter were originally developed 

for generating revenue for universities(Xue, 2003), they soon became a unique form to 

commercializing university‘s technology. Due to the weak absorptive capacity of firms, lack of IP 

protection and high transaction cost in university-industry technology transfer, universities found it 

was safe and practical to integrate several stages of the research, development and commercialization 

process into one organizational entity--UREs, thereby avoiding a long and complicated negotiating 

process with other enterprises (Eun et al., 2006; Kroll & Liefner, 2008) 

In TH, the typical examples of the two types of UTTOs are respectively the Science and Technology 

Development Service Department (STDSD) established in 1983 and the Science and Technology 

Development Corporation, Ltd (STDC) established in 1988. Both of them have experienced a series of 

organizational changes to better adapt to the environment. STDSD is a separate department form SRD 

during 1985~1990. Although STDSD had largely promoted S&T achievements of the university to the 

enterprises, many excellent results with promising market potentials failed to be matched with 

industry mainly because of weak absorptive capacity of enterprises at that time. Thus, the university 

decided to conduct technology commercialization on its own. It lead to the establishment of STDC by 

transferring some staff from STDSD to run the cooperation. However, both of them excluded the IP 

management serves, since there were Patent Agency founded in 1984 as the professional organization 

for the management of IP and the other intellectual property. In 1995, the TH Enterprises Group 

(TUEG) founded responsible for the management of all UREs of the university. The characteristics of 

the STDSD and STDC are summarized respectively in Table 5.  

Table 5.Organization Characteristics of STDSD and STDC 

Dimensions Description of organizational characteristics 

STDSD (1985~1990) STDC（1988~1993） 

Degree of 

discipline 

specialization 

Discipline integrated: It provides service 

covering almost all disciplines in the 

university.  

Discipline specialized: It focus on 

the field of the electrical and 

computer science. 
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Degree of task 

specialization 

Backward integrated: The task including 

the research projects management, 

technical consultation, such as the 

commercialization feasibility analyzing of 

the research outcomes. It basically focus on 

the market development, however, will not 

engaged with the all business operation 

activities.  

Forward integrated: To 

compensate for the function 

lacking of commercial operation. 

STDC founded explicitly oriented 

on the mechanical &electrical 

integration, and the development, 

production and the trade of new 

products. Since most of the task 

related to the commercial aspects, 

it is forward integrated.  

Level of autonomy Dependent: It is TH‘s research 

management institutions. The staffs are the 

employees of the university, and the 

existence and operation expenditures 

sponsored by TH as well. However, it has 

the independent legal personality and 

retains more decision-making power, 

ranges from dealing with the law suit to 

signing the technology transfer contracts on 

its own name.  

 

Dependent: It founded in the form 

of business entity but not operate 

as the real commercial body. 

Firstly, it don‘t have the 

independent legal personality. 

Secondly, the activities concerning 

with the commercial aspects or 

investment strategy  are 

determined by TH. The income 

from technology transfer, as well 

as STDC itself are considered as 

the fixed asset of TH. From this 

respects, STDC is dependent. 

Degree of 

exclusivity 

Exclusive: it provides serves for the 

university only.  

Exclusive: the industrialization 

and commercialization of research 

outputs exclusively to TH.  

Professionalization Low level: The STDSD staffed with the 

faculties assigned from the researchers of 

TH, most of them have the engineering 

related background and R&D projects 

management experience and still keep their 

researchers identify in their previous 

departments. Therefore, STDSD was in 

low level professionalization in the early 

stage.  

 

Low-level: The first batch of 

employees were staff from 

STDSD or the R&D personnel of 

TH, most of them have an 

university degree or above, 

however, there were few person 

hired from the society. The 

situation is similar to STDSD. We 

conclude the early stage of STDC 

was also in low-level 

professionalization.  

Standardization High-level: TH issued at least6 regulations 

issued by TH towards STDSD in dealing 

with technology transfer contract from 

1985 to 1995, such as the regulation on 

technology contract management, such as 

the examination and approval procedures, 

the registration and management rules, and 

the rules towards the contract reviewer, etc. 

With these  regulations, there were fixed 

and formal procedures for STDSD to 

follow.  

low-level: There were no 

regulations issued before the 

Regulations of University-run 

Enterprises in Tsinghua 

University issued in 1993, 

followed by several other 

regulations formulated before 

1998.  Therefore, we conclude 

the standardization of UREs 

operated before 1993 was low 

level standardization. 

4.2 Development of TTOs since the beginning of 1990s 

The 1990s saw the emergence of three new types of UTTOs: 1) Renewed Technology Transfer 

Offices (RTTOs),2) National Engineering Research Centers(NERC), and 3) University Science Parks 
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(USPs).All the type types of UTTOs first experimented in TH along with the reform on scientific 

management system carried out by the university in 1990. 

In 1992, STDSD and SRD were merged and transformed to the Science and Technology Development 

Office (STDO) as a renewed technology transfer office at TH. In 2003, the other four offices the 

Intellectual Property Office, the Research Institutions Management Office, the Oversees Contract 

Office and the Military Project Office were transferred under the administration of STDO. Up to now, 

STDO integrated the task of research projects and the outputs management,  IP management and 

licensing, technology transfer services in one research management institution. Compared with 

STDSD, the task of STDO is more comprehensive, meanwhile losing the previous independent legal 

status when it formed to be the internal organization under the administrative system of TH. The 

characteristics of STDO is provided in Table 6. 

To explore the mode of science and technology to the contribution of the economic development, and 

promote efficient commercialization of scientific and technological achievements, and inspired by the 

US government‘s creation of the engineering research center(NRCs) in 1980stowards a more rapid 

transfer of fundamental engineering knowledge to solving the problem of the industry. The Chinese 

government began to establish National Engineering Research Centers (NERCs) in 1992. The 

establishment of NERCs is part of the government‘s initiative to strengthen the generic technology in 

various science disciplines and use the centers as an important platform to better support innovation 

and industrialization, to explore how to combine the theory to practice, and to promote the scientific 

results transfer to the production. Particularly the centers have the following objectives:1) to promote 

industrialization of science and technology, particularly the transformation of S&T results to the 

industry for economic development. , to promote  the growth of emerging industries and upgrading 

of traditional industries via the diffusion of engineering research, 3) to build R&D bases for 

technology innovation and industrialization by educating human resources for engineering and 

providing lab environments, and 4) to help enhance the capacity and competency of the industry 

concerned. The establishment of NERC was authorized by National Development and Reform 

Commission, whose funding were from various sources, such as governmental budget, bank loans, 

self-financing and enterprises‘ investment. In the beginning, NERCs did not have an independent legal 

status but being affiliated to research institutes, universities or enterprises. In 2002, the government 

required that all NERCs must be transformed to independent business entities. Five years later, the 

government again allowed NERC to adopt other forms than enterprises.  

Among a number of NERCs at TH; the one established one is the National Computer Integrated 

Manufacturing System Engineering Research Center (CIMS-ERC) founded in 1992. The 

characteristics of the CIMS-ERC is shown in Table 6. 

The development of university-based science parks(USPs)in China were inspired partly by the legends 

of Stanford Science Park, Cambridge Science Park and many others. The Northeastern University was 

the pioneer to establish USP in 1988. At the early stage of the construction of USPs, an top-down 
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approach was adopted in which the government formulated overall strategic planning and provided 

initial funding as well as other supportive measures for the USPs. Up to 2001, t the initial 22 

national-level of USPs have been approved by the Ministry of Science and Technology and the 

Ministry of Education
1
. Besides by, there were also a large group of university-based science parks 

launched by local governments and independently organized by universities themselves. USPs provide 

a physical space of resource interaction for various actors, that bridges the collaboration of university, 

industry, government departments and intermediaries, herein, the actors could obtain resources from 

each other, therefore to promote the growth of new technology based enterprises, strengthen the 

competitiveness and innovation capacity for enterprises in the park, and solve the problems of 

technology and talent during technology transfer.; most of them adopt the form of the enterprise with 

an independent legal status. The organizational features of USPs mainly including three types: (1) 

co-founded by the niversity and the regional high-tech zone collaboratively, for example TH and 

Peking university Science Park; (2) established by one university with great support from the local 

government, the Northeastern university science park is this type; (3) co-founded by more than one 

university and the the government.  

In August 1994, the TH Science Park Development Center (TusPark) was founded as an internal 

institution with an area of about 500,000 square meters (5,581,500 square feet) and approved by the 

government to be the National university science parks in 1999. It has been incorporated into the 

general plan of Zhongguancun Science Park with priorities development and support. It transformed to 

be the limited liability company (TusPark Construction Holdings Co., Ltd) in 2000, and four year later, 

Tus-Holdings Co., LTD has takeover the operation and management of TusPark The characteristics of 

the TusPark is provided in Table 6.  

Table6. Organization Characteristics of CIMS-ERC and TusPark 

 

Dimensions 

Description of organizational characteristics 

STDO CIMS-ERC TusPark 

Degree of 

discipline 

specialization 

Discipline integrated: 

It serves on the 

institutional level.  

Discipline specialized: It focus 

on the computer application and 

the enterprise informatization.  

Discipline integrated: It serves 

on the institutional level.  

Degree of task 

specialization 

Backward Integrated: 

Its task is similar with 

STDSD, except the 

object of the R&D 

contract management 

has been expanded 

from the industry 

expanded to the 

government  or 

miliary. Still, it not 

engaged with the 

entrepreneur 

activities. 

Fully Integrated: The basic task 

of it is (1) to conduct the 

theoretical and application 

research in accordance with the 

demand of the enterprises 

towards modernization and 

informatization, helping the 

enterprises adopt the CIMS 

engineering in their system. 

(3)It also participate in talent 

cultivation in the discipline of 

Control Science and 

Engineering.  

Fully Integrated:(1) research 

funding services or IP 

management included in the 

following function, platform 

construction for technology 

transfer with venture capital 

providing, and technology 

consultants, etc., (2) 

Innovation networking 

building for the interaction of 

various actors in it and 

resource sharing. (3) 

entrepreneur services, 

                                                           
1 Data source: http://www.most.gov.cn/kjzj/dxkjy/wjhb/200205/t20020509_8171.htm 
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 especially when the Tsinghua 

Business Incubator and 

Overseas Students Pioneer 

Park founded respectively in 

1999 and 2002, facilitate 

start-up technology based 

firms.  

Level of 

autonomy 

Dependent: It is the 

internal research 

management 

institution affiliated 

to the administrative 

system of TH.  

Dependent: It dependent on the 

university from decision making 

to human resources 

management.  

Semi-dependent: The 

university would be the 

shareholders however who are 

not intervene the operation of 

USPs directly, but through the 

USPs‘ board. 

Degree of 

exclusivity 

Exclusive: It serves 

exclusive to TH.  

Exclusive: CIMS helps 

enterprises to use the 

engineering technology of 

CIMS, came from TH.  

Non-exclusive: It composed of 

20 S&T firms from TH and 40 

firms from the society. It 

means TusParks serves not 

exclusive to TH.  

Professionalizat

ion 

High-level: Up to the 

late 1990s, the staffs 

of STDSD increased 

to 40, among them, 

36 persons obtained 

the undergraduate 

degree, including 9 

PhD and 8 person 

have the oversees 

training experience.  

Since STDSD has 

been mergered with 

STDO, we conclude 

the 

professionalization of 

STDO is high-level.  

Low-level: The key personnel 

of CIMS is composed of more 

than 80 scientific persons from 

the Department of Automation, 

the Precision Instrument, 

Computer Science, Mechanical 

Engineering, etc. They are  

outstanding researcher 

(including professors), however, 

they were not familiar with the 

―game rule‖ in the market. In 

this case, we conclude CIMS as 

the low-level 

professionalization UTTO.  

High-Level: the professional 

investment management firms 

in the field of UITT. It also has 

the incubator of Innovation 

and Entrepreneurship, 

technology transfer funds and 

other venture capital funds. 

We believed TusPark is in the 

high-level professionally.  

Standardization High-Level: Similar 

with STDSD.  

Low-level: There were 

regulations towards NERC 

issued by the central 

government, however, there 

were no specific rules related on 

how the firms to applicate the 

CIMS‘ engineering technology , 

which means there were no 

fixed procedures, then we 

conclude it is far from 

high-level standardization as the 

UTTOs.  

High-level: there were fixed 

routines to following in case of 

start-up new firms or 

technology transfer via 

TusPark.  

4.3 TTO development since the late 1990s 

Since the late 1990s, three types new UTTOs have emerged. One the university owned enterprises 

(UOEs) mainly derived from the early UREs. The second is the national technology transfer centers 

(NTTCs) and the joint research centers with enterprises or local governments.  

In the late 1980s, TH established 164 UREs, most of which were start-ups by the individual faculty 
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members or departments. Soon the university experienced challenges in operating these UREs mainly 

due to the problems arising from the operational mode of UREs. First, the host university had to 

undertake the unlimited joint liability for UREs. Second, while most UREs were located on campus, 

the intensive business activities in the campus may damage the normal teaching order and thee 

educational image of the hosted universities. Third, too much administration intervention from the 

university on UREs prevented them from operating as the real business entity. The similar issues were 

also concerned with other universities who had UREs. As a response, since 2001 the government has 

demanded the universities to re-structure UREs since 2001, and Peking University and TH was taken 

as the ones for first experiment during the period of 2002-2004. One predominant approach was to 

transfer UREs to university owned enterprises (UOEs). In other words, the universities tended to 

control their enterprises through ownership rather than direct administration or management.  

Under such background, TH established Tsinghua Holding Co. LTD. (THHC) in 2003 through asset 

integration, absorption, merger and reform of TH Enterprises Group which was founded in 1995 in 

order to in charge of all the UREs at various level in TH. The characteristics of the THHC is provided 

in Table 7. 
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Table7. Organization Characteristics of THHC 

Dimensions Description of organizational characteristics 

Degree of 

discipline 

specialization 

Discipline integrated: THHC focus on the industrialization projects in the area 

of information, energy environment, integrated circuit and biological health.  

Degree of task 

specialization 

Fully and forward integrated: Among the crucial task of THHC is to maintain 

or increase the operational assets‘ value for TH. The detailed task are: (1) 

Assets disposals for the previous UREs (about 200 firms), been separated from 

the university and established the new relationship based on the equity stock. 

(2) It scouts for the technology need to be transferred in the form of investment 

with technology as the capital stock. (4)exploring construct the new platform for 

UITT, the School of Technology Transfer and HUAKONG Technology 

Transfer Corporation founded in 2014.The task of THHC inclines to forward 

integrated.  

Level of 

autonomy 

Semi-dependent: TH will not directly intervene in the operation of THHC any 

more, but it established the Office of Business Asset Administration 

Commission in 2006 as the special institution responsible for all the business 

assets‘ management, including the management of THHC, the committee is 

composed by the vice president of TH, the CEO of THHC and the others. The 

operation of THHC is independently, however, the major investment decisions 

need to be discussed by the commission.  

Degree of 

exclusivity 

Exclusive: Currently, it provide serves exclusively to TH.  

Professionalizati

on 

High-Level: THHC established the Technology Assets Operation Center in 

2013 as the department in charge of UITT, according to our interview, the 

center staffed with 8 persons, all of them have a master‘degree from chemical, 

biological, material, computer science, etc., they also required to have some 

knowledge in business and law, and they frequently contact with various 

departments of TH to discover the potential research outputs. 

Standardization High-level: In 2013, THHC issued the Regulations on the Equity Stock and 

Technology Capitalist, and the other Regulations on Investment of Enterprises 

in TH is under enacting.  

 

In order to improve the service system of the technology transfer, several TTOs have been designated 

by Ministry of Education and the former National Economy& Trade Commission as the National 

Technology Transfer Center (NTTC) since 2001. In the initial stage, there were six NTTC in the 

following flagship universities: TH, Shanghai Jiaotong University, Xi‘an Jiaotong University, East 

China University of Science and Technology, Huazhong University of Science and Technology and 

Sichuan University. The number of NTTCs of universities totaled to 26 till 2010 .In the case of 

Tsinghua, NTTC were the officially approval TTOs by the government based on the existed 

organizations rather than the other kind of different entity. It would either be the fully for-profit 

organization run on the business mode or the traditional TTOs under the university administration 

system, which should be analyzed in accordance to their concrete type.  

Since the late 1990s, some kinds of joint centers respectively have debuted. One is the Regional 

technology transfer alliances for establishing long-term and formal cooperation with the regional local 

governments. The concrete organizational forms under the alliances are university-region joint 

research institutes (URJRIs), normally located at the USPs or the local High-tech Zone. TH hadsigned 
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cooperative agreement with 14 provinces/municipalities until 2000, and established four URJRIs: 1) 

Research Institute of Tsinghua and Shenzhen (RITS) established in 1996.2)the Research Institute of 

Tsinghua and Beijing (RITB) established in 1998.3) the Research Institute of Tinghua and Hebei 

(RITHB) established in 2002.and 4)the Yangtze Delta Region Institute of TH and Zhejiang (YRDI) 

established in 2003. These institutes operate like enterprises. Through working on the joint institutes, 

the university will learn more about the needs of regional developments and specialty the demands of 

the local firms. Meanwhile, the institutes also promote the strength of S&T of the university. The other 

type is University-Enterprise Technology Transfer Centers (UETTC), which located in the university 

with funding from a certain firm for research into the specific technology with application oriented 

that applies to demands of the invested company. Their establishment and operation should strictly 

comply with the rules of the university. There are currently 94 UETTCs of Tsinghua, including for 

example Tsinghua-Inter Jointly R&D Center and Tsinghua-BP Clean Energy Research and Education 

Center(THCEC), established in 2003, Tsinghua-Toshiba Energy and Environment Center setup in 

2005, and the Tsinghua-Origin Water Company of Environment Membrane Technology Center setup 

in 2008.According to the Regulation of the Research Center Management issued in 2012, the 

foundation of UETTCs was approved by the university‘s committee meeting, the R&D funding from 

the collaborate enterprise should no less than 12 million RMB in three years, among which the initial 

funds and the daily operation fees should no less than 10%. The planning and administration of both 

joint institutes and centers are in the hand of STOD. The characteristics of examples for the URJRI 

and UETTC are provided in Table 8.  
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Table8.Organization Characteristics of and URJRI and UETTC 

Dimensions Description of organizational characteristics 

RITB THCEC 

Degree of 

discipline 

specialization 

Discipline Integrated: All the UITT 

activities occurred on the institutional 

level to meet the specific demand for 

the firms and local economy 

development.  

Discipline Specialized: THCEC is a 

cross-disciplinary research center 

specialized in the direction of energy 

technology, energy system and strategy 

and policy analysis. 

Degree of task 

specialization 

Fully Integrated: The task including 

high-tech firms incubator, enterprises 

development service provider, S&T 

information hub and the consultation 

of policy making for Beijing 

Municipal government.  

Backward Integrated: THCEC focus 

on conduct the academic research in 

the field of the above disciplines, by 

integrating the research resource of TH 

to conduct a series of national-level 

programs, and the high-level domestic 

or international research programs. The 

research is aiming at improve the 

energy efficiency of coal power plants, 

and the sustainable energy 

development in China. The knowledge 

transfer from THCEC to the 

enterprises is through the collaborate 

research projects. Since it don‘t 

engaged into the entrepreneur 

activities, we conclude it is backward 

integrated.  

 

Level of autonomy Semi-Dependent: RITB adopts a 

system that its director takes full 

responsibilities under leadership of a 

governing board. The director came 

from the university, while the leader 

of the board are the government 

officer, currently the Mayer of 

Beijing. Therefore, we conclude it is 

as the semi-dependent. 

Dependent: THCEC founded officially 

as the independent research in TH with 

BP company‘s one-time donation of 

0.4 million dollar. Therefore, its 

existence and operation, development 

are based on the agreements between 

TH and BP company. and the 

important decision making, such as 

research projects undertaking, 

technology transfer procedures and so 

forth activities should  abide by the 

agreements and also the regulations in 

TH.  

Degree of 

exclusivity 

Non-exclusive: It serves priority to 

the technology transfer for the 

research outputs from TH but not 

limited it the single one.  

Exclusive: It focus on the technology 

transfer from TH  

Professionalization High-level: the president will take 

responsibility for the each URJRI 

under the leadership of council, 

including the member of the 

vice-president from the university. 

Low-level: The research team 

organized by the professors or 

researchers of TH, they are basically 

only engaged with academic research 

rather than on technology transfer 

process. Therefore, we argue the 

professionalization of it is in low-level.  

Standardization High-level: As a formal organization, 

it has five functional departments 

responsible for projects management, 

innovation service, investment, 

education training and the 

Low-Level: There are general 

regulations on the university-level that 

THCEC should comply with, such as 

the Regulations on the Management of 

Research Instutitons of issued in 
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comprehensive office.  2006,then amended respectively in 

2010, 2012 and 2015.Some provisions 

towards the operation, survival and 

financial support of the joint research 

center. Besides, there are no rules 

formulated by the institution itself. 

Therefore, we conclude its 

standardization is among the low-level.  

5.  Typology of UTTOs in China 

This study is the first study systematically review the institutional evolution of the university TTOs in 

China since 1980s, and eventually identify eight types of them by nowadays, namely 1) original 

technology transfer offices（OTTOs）, 2) Renewed technology transfer offices（RTTOs），3) 

university-run enterprises(UREs), 4) university science parks（USPs）,5)university-own enterprises

（UOEs）, 6) National engineering centers（NECs）, 7) university-region joint research 

institutes(URJRI), and 8) university-enterprise jointly research centers (UEJRC). To better understand 

the unique organization structure for those TTOs, we employed the 8 structure dimensions developed 

in Table 3 as a framework, which clearly shows and the dynamic evolution of the UITT units as well. 

The development/evolution of UTTOs in China can be presented in the following Figure. 

 
Source: Modified from (Cai, Zhang, & Rao, 2014) 

Figure 1. Evolution of TTOs in TH 

The organizations characteristics of each type of UTTOs (illustrated at the Tsinghua Unviersity) can 

be summarized in the Table 8.

Original TT Office Renewed TT Office (Integrate research development and spin-out)

1980                                                                1990                                                           2000                                                                    2010                                                     

Science park I

Science park I

University-run enterprises University-own enterprises

National Engineering Centers

Joint research institutes with regional governments

Joint research institutes withenterprises
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Table 9 The Current Model of TTOs of Chinese Universities 

Types of UTTOs SR

D 

Mode

l1 

OTT

Os 

Mod

el 2 

RTT

O 

Mod

el 3 

URE

s 

Model 

4 

USPs 

Model 

5 

UOEs 

Mode

l 6 

NECs 

Mode

l 7 

URJ

RI 

Mode

l 8 

UEJ

RC 

Legal Status Enterprises    X X X X X  

Public 

Institution 

         

Internal 

Organizatio

n 

 X X      X 

Social 

Organizatio

n 

        X 

Period（starting year） 19

50s

~ 

1983

~199

2 

1992

~ 

1988

~199

2 

1994~

Now 

2003~

Now 

2000s

~No

w 

1990

s~No

w 

2003

~No

w 

Examples in TH  STDS

D 

STD

O 

STD

C 

TusPa

rk 

THHC ATP

T 

RITS  

Comparison to the typology 

of Schoen et al (2014) 

 A A Non C C D Close 
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network analysis, scientometrics, and the sociology of innovation (see at 

http://www.leydesdorff.net/list.htm ). With Henry Etzkowitz, he initiated a series of workshops, 

conferences, and special issues about the Triple Helix of University-Industry-Government Relations. He 

received the Derek de Solla Price Award for Scientometrics and Informetrics in 2003 and held ―The City 

of Lausanne‖ Honor Chair at the School of Economics, Université de Lausanne, in 2005. In 2007, he was 

Vice-President of the 8
th
 International Conference on Computing Anticipatory Systems (CASYS‘07, 

Liège). In 2014, Thomson Reuters listed him as a highly-cited author (http://highlycited.com). 

Abstract：In this study, we explore performance of Chinese and American universities in collaborating 

with industry as reflected in co-authoring international publications. Some common points were found, 

but publication activities are in different fields (i.e., life sciences and natural sciences). Large gaps exist 

between China and the USA in university-industry collaborations. Productivity of Chinese universities is 

far lower than that of their counterparts in the USA. Chinese universities are also far less active in 

collaborating with industry in terms of either publication production or collaboration intensity. In 

selecting industrial partners, variation exists among Chinese universities, but less so among American 

universities. Productivity of international publications is highly correlated to research collaboration 

including university-industry collaboration, but does not necessarily result into a high percentage of 

university-industry collaborations. In domestic collaboration, distance is not critical for deciding on 

collaboration relations of universities and firms. 

Keywords: productivity, university-industry collaboration, collaboration intensity, collaboration distance  
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1.  Introduction 

A university engages in knowledge production and education, and the industry produces products to 

satisfy national and social needs aiming at profit returns. With an economy moving from being driven by 

physical capital to being driven by knowledge, the role of higher education evolves over time (Audretsch, 

2014). In the era when knowledge becomes an important driver of economic growth, university-industry 

relations have attracted growing interests of the research community (e.g., Gibbons, et al., 1994; 

Etzkowitz, 1994; Nelson, 1993 and 1994; Urbano & Guerrero, 2013). When the government is involved as 

a third player in an innovation system, the dynamic relations between the university, government and 

industry can be generalized as Triple-Helix relations (Etzkowitz & Leydesdorff, 1995; Leydesdorff & 

Etzkowitz, 1996). Why do the university and industry collaborate and how can one make this relation 

more efficient? The research community has tried to find answers from different perspectives, such as 

technology transfer and commercialization (e.g., Etzkowitz et al., 2000b; Florida & Cohen, 1999; 

Gulbrandsen & Slipersæter, 2007), government involvement (e.g., Etzkowitz & Leydesdorff, 1995, 

Leydesdorff & Etzkowitz, 1996; Ponomariov, 2013), and individual motives (e.g., Oliver, 1990; Ankrah et 

al., 2013).  

Most studies of university-industry relations have been qualitative before publication or patent data were 

applied. Leydesdorff and his coauthors conducted quantitative studies on the Triple-Helix Model of 

university-industry-government relations based on author affiliations of publications indexed in citation 

databases such as the Web of Science (WoS) of Thomson Reuters, (e.g., Leydesdorff, 2003; Park et al., 

2005; Leydesdorff & Meyer, 2007). The application of patent data started at similar time (e.g., 

Leydesdorff, 2004; Petruzzelli, 2011; Ponomariov, 2013). Sources for quantitative studies were further 

extended to registration data of industry (e.g., Leydesdorff & Fritsch, 2006; Leydesdorff et al., 2006, 

Leydesdorff & Strand, 2013; Leydesdorff & Zhou, 2014).  

The data of University-Industry Research Connections (UIRC) of the Centre for Science and Technology 

Studies (CWTS) (Tijssen et al., 2009; Tijssen, 2011, 2012) enabled Wong and Singh (2013) to prove the 

positive effect of university-industry collaboration on the commercialization of university technology. 

Also based on the CWTS data, the current study will explore university engagement in collaboration with 

industry as reflected by publications indexed in the Web of Science with a focus on universities in China 

and the USA. We analyze publication productivity, collaboration intensity, and partner preferences. 

Correlations between relevant indicators will also be provided.  

2.  Data and methods 

Data sources are from the 2014 version of UIRC that was based on publications in the years 2009-2012 

and indexed in the Web of Science (WoS) of Thomson Reuters. The data can be downloaded at 

http://www.cwts.nl/UIRC2014. The UIRC presents publication productivity of university-industry 

http://www.cwts.nl/UIRC2014
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collaboration of the 750 largest research universities of the world that are listed in the CWTS Leiden 

Ranking 2014 – another data source of the current study. Relevant data are downloaded and further 

processed so as to serve our research purpose of comparing university performance in university-industry 

collaborations between China and the USA.  

Different indicators, including UIC productivity, UIC intensity, and indexes describing different forms of 

university-industry collaboration will be used. The UIC productivity is the number of publications with 

both university and industrial addresses. The UIC intensity (i.e., %UIC) is the percentage of UIC 

productivity in the total number of publications of a university indexed in WoS. As leading universities 

are most representative, our comparison will be focused on the top-10 universities in the above indicators. 

Spearman‘s rho will be used to analyze correlations between these indicators. Differences between the 

top-10 American and Chinese universities will be measured in terms of ratios. 

Furthermore, CWTS defines different collaboration types based on the physical distance between a 

university and a firm in collaboration, and thus generates: (i) UIC Local, (ii) UIC Domestic, and (iii) UIC 

Foreign. The UIC Local (%Local) measures the percentage of UIC of a university collaborating with 

industry located within a range of 50 kilometers away from the city center where the university (or its 

main campus) is located, reflecting the relative propensity to engage in partners nearby or within the same 

urban agglomeration. The UIC Domestic (%Domestic) is the percentage of UIC a university collaborating 

with business enterprises located in the same country, measuring the university‘s focus on national 

companies and industries. The UIC Foreign (%Foreign) is the percentage of UIC collaborating with 

business enterprises located abroad, reflecting internationalization of a university in collaborations with 

industry. 

The 2014 version of the CWTS covers 83 universities in China and 166 in the USA. Publications are 

classified into seven broad fields, namely: life sciences, medical sciences, mathematics/computer 

sciences/engineering, earth and environmental sciences, natural sciences, cognitive sciences, and the 

social sciences. Each publication in the Web of Science database is assigned to one of these seven fields 

by applying a computer algorithm. More details can be found at: 

http://www.leidenranking.com/methodology/fields#sthash.pKaITxR8.dpuf.  

Not all the 83 Chinese and 166 American universities are active in publishing with industry in each of the 

seven broad fields. For example, of the USA and Chinese universities covered by the Leiden Ranking 

2014, 26 and 17 respectively do not have UIC papers indexed in the WoS during 2009-2012 in the broad 

field of mathematics/computer sciences/engineering. In the social sciences, these figures are 21 and 56 for 

USA and Chinese universities, respectively. In the medical sciences, American universities are active in 

collaborating with industry except four universities that do not have UIC papers during this period. In 

China, however, this number is 25 which is 30% of the 83 Chinese universities.  

http://www.leidenranking.com/methodology/fields#sthash.pKaITxR8.dpuf
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To ensure the reliability of our analysis, we decided to select fields that cover as many UIC publications of 

both Chinese and American universities as possible. Publications in the life and natural sciences satisfy 

this requirement. Publications in all sciences reflect overall performance of a country in 

university-industry co-authorship relations, and thus will also be analyzed in this study. As the study is 

based on the Leiden UIRC data of the year 2014, Chinese and American universities not included in the 

UIRC will not be discussed.  

3.  Results 

The 83 Chinese universities included in the Leiden Ranking 2014 only account for 11% of the total of 750 

universities and 3% of the 2,491 higher education institutions of China.
1
 The low inclusion rate of 

Chinese universities implies that there is a long way to go in terms of publishing internationally, although 

China has already been a second largest producer of international publications for some years (e.g., Zhou 

& Leydesdorff, 2008; ISTIC, 2014). The regional distribution of these 83 universities is remarkably 

uneven with about half located in six cities including Beijing (14), Nanjing (9), Shanghai (8), Hong Kong 

(6), and Xi‘an (5) (Figure 1). As the Leiden Ranking is based on publications indexed in the Web of 

Science, being listed on the Ranking means a relatively better performance of these 83 universities in 

terms of publishing internationally than those not included. Compared with other cities, Beijing gathers 

significantly more high-performance universities in China than other cities.  

 

Figure 1. Regional distribution of Chinese universities listed in the Leiden Ranking 2014. 

3.1 Performance in all sciences 

Publication productivity  

                                                           
1 National Bureau of Statistics of the People‘s Republic of China, 2014. Available at: 

http://www.stats.gov.cn/tjsj/ndsj/2014/indexch.htm 

http://www.stats.gov.cn/tjsj/ndsj/2014/indexch.htm
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Among the Chinese universities, Zhejiang University takes the absolute lead in generating international 

publications, with 1,388 more publications than the university ranked at the second position. The two most 

ideal universities of Chinese students – Peking University and Tsinghua University – do not contribute as 

many as Zhejiang University and Shanghai Jiao Tong University. In the USA, the first position of Harvard 

University is unshakable, with publication productivity twice as many as that of University of Michigan at 

the second position (Table 1).  

Productivity of the top-10 universities of the USA is significantly higher than that of Chinese universities 

(Leydesdorff & Bornmann, 2012). The number of publications is at least 1.6 times of those of Chinese 

universities at the same rank. In fact, productivity of the first publication producer of China, Zhejiang 

University, is just equal to that of the 19
th
 producer of the USA: University of California at Davis. 

Table 1. Top-10 Chinese and American universities publishing in all sciences (2009-2012). 

Rank China P(USA)/ 

P(China) 

USA 

University P P University 

1 Zhejiang Univ 19,213 2.9 56,018 Harvard Univ 

2 Shanghai Jiao Tong Univ 17,825 1.6 28,660 Univ Michigan 

3 Peking Univ 17,296 1.6 26,840 Univ Calif - Los Angeles 

4 Tsinghua Univ 15,841 1.7 26,768 Univ Washington - Seattle 

5 Fudan Univ 13,455 1.9 25,777 Stanford Univ 

6 Sun Yat-sen Univ 11,261 2.3 25,715 Johns Hopkins Univ 

7 Nanjing Univ 11,067 2.1 23,264 Columbia Univ 

8 Sichuan Univ 10,846 2.1 22,599 Univ Calif - Berkeley 

9 Univ Hong Kong 10,261 2.2 22,520 Univ Penn 

10 Shandong Univ 10,247 2.2 22,182 Univ Calif - San Diego 

University-industry collaboration (UIC) 

Not all the top-10 Chinese universities in publishing internationally are active in coauthoring with industry. 

Of the 10 most productive Chinese universities, four including Sun Yat-sen University, Nanjing 

University, Sichuan University, and Shandong University are replaced by Chinese University Hong Kong, 

Peking Union Medical College, Huazhong University of Science and Technology, and Xi‘an Jiaotong 

University in publishing with industry. Compared with the top-10 Chinese universities, those of the USA 

do better in collaboration with industry. Only two of the top-10 universities including University of 

Pennsylvania and University of California at Berkeley are replaced by Duke University and Columbia 

University (Tables 1 and 2). UIC productivity of the top-10 universities of the USA is higher than that of 

the Chinese top-10 universities. Publications of each of the top-10 American universities are at least four 

times of that of the top-10 Chinese universities at the same rank. As the largest publication producer of 

university-industry collaborations of China, Shanghai Jiao Tong University Generated 651 papers, which 

is only equal to that of the University of Miami (with 653 UIC papers) in 2009-2012 at the 51
st
 position of 

the 166 American universities in the Leiden Ranking 2014.  
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Table 2. Top-10 universities collaborating with industry in publications in all sciences (2009-2012). 

R
an

k
 

China UIC(USA)/ 

UIC(China

) 

USA 

University 
UIC(China

) 

UIC(USA

) 
University 

1 Shanghai Jiao Tong Univ 651 5.8  3756 Harvard Univ 

2 Tsinghua Univ 636 3.8  2429 Stanford Univ 

3 Zhejiang Univ 547 3.8  2101 Univ Calif - Los Angeles 

4 Peking Univ 494 4.0  1998 Univ Washington - Seattle 

5 Fudan Univ 442 4.5  1989 Johns Hopkins Univ 

6 Univ Hong Kong 302 6.6  1989 Univ Calif - San Diego 

7 
Chinese Univ Hong Kong 291 6.0  1732 

Univ Calif - San 

Francisco 

8 Peking Union Med Coll 285 6.0  1709 Univ Michigan 

9 Huazhong Univ Sci & 

Technol 
255 6.6  1691 Duke Univ 

10 Xi'an Jiaotong Univ 251 6.6  1646 Columbia Univ 

 

In terms of UIC intensity measured by percentage of publications indexed in the WoS (%UIC), a different 

list of universities comes to the fore (Table 3). Most of the top-10 Chinese universities in UIC productivity 

(Figure 1) disappear in the top-10 list of UIC intensity except Tsinghua University, Shanghai Jiao Tong 

University, and Fudan University. In other words, the three universities perform relatively well in both 

UIC productivity and intensity. Among the leading Chinese universities in UIC intensity, China 

Pharmaceutical University takes the first position with a UIC intensity of 6.7%, but its UIC productivity is 

only 134 (Table 3).  

Regarding the UIC intensity of American universities, however, 44 out of the 166 universities included in 

the Leiden Ranking have a UIC intensity higher than 6.7% - the UIC intensity of China Pharmaceutical 

University that ranks first among Chinese universities. In other words, the UIC intensity of Chinese 

universities is significantly less than that of the USA. Similar to the situation of China, most of the top-10 

universities in UIC productivity of the USA no longer appear on the top-10 list of universities in terms of 

UIC intensity, with the exception of three universities including University of California - San Francisco, 

University of California - San Diego, and Stanford University which perform well in terms of both UIC 

productivity and intensity (Table 3). These three universities are all in California. 

  



 

 344 

Table 3. Chinese and American universities with top-10 UIC intensity in all sciences. 

China USA 

University P 

(UIC) 

%UI

C 

%UI

C 

P 

(UIC) 

University 

China Pharmaceutical 

University 
134 

6.7 11.9 
339 

Rensselaer Polytechnic Institute 

China University of 

Geosciences 
160 

6.1 10.0 
788 

University of Maryland, Baltimore 

Beijing University of Chemical 

Technology 
148 

5.1 9.9 
1003 

Georgia Institute of Technology 

Beijing University of Posts & 

Telecommunications 
76 

4.8 9.4 
2429 

Stanford University 

Tianjin University 226 4.4 9.3 304 George Mason University 

Hong Kong University of 

Science and Technology 
197 

4.1 9.0 
165 

Lehigh University 

Tsinghua University 636 4.0 9.0 852 University of Colorado, Denver 

Northeastern University, China 92 3.9 9.0 1989 University of California, San Diego 

University of Science and 

Technology Beijing 
113 

3.7 9.0 
518 

Carnegie Mellon University 

Shanghai University 169 3.7 9.0 355 Thomas Jefferson University 

Shanghai Jiao Tong University 
651 

3.7 8.8 
467 

University of Medicine and Dentistry 

of New Jersey 

Zhejiang University of 

Technology 
63 

3.3 8.7 
1732 

University of California, San 

Francisco 

Fudan University 
442 

3.3 8.5 
1549 

Massachusetts Institute of 

Technology 

 

  8.5 276 University of Texas, Dallas 

 

  8.5 
660 

Indiana University - Purdue 

University Indianapolis 

 

  8.3 
664 

University of Texas Southwestern 

Medical Center, Dallas 

 

The correlation between UIC productivity and intensity is low. Let us use the 10
th
 university of China 

(Zhejiang University of Technology) in Table 3 as an example: this university has only produced 63 UIC 

papers in four years (2009-2012), although with a relatively high UIC intensity. The situation is similar in 

the USA. However, , the correlation between coauthored publications including UIC papers and total 

publications are significantly high (Table 4). In other words, a high production of international 

publications and including collaborated publications may not necessarily generate a high intensity of 

university-industry collaborations; but productivity is highly relevant to research collaboration including 

university-industry collaborations. In fact, universities with high publication productivities are likely to 

have lower UIC intensity (Tables 1 and 3). 
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Table 4. Correlation coefficient of Spearman‘s rho of Chinese and American universities listed in the 

Leiden 2014 in all sciences. 

       China 

USA P P(collab) P(UIC) %(UIC) 

P 1.000 .980
**

 .883
**

 .341
**

 

P(collab) .977
**

 1.000 .875
**

 .346
**

 

P(UIC) .964
**

 .934
**

 1.000 .709
**

 

%(UIC) .380
**

 .338
*
 .593

**
 1.000 

**. Correlation is significant at the 0.01 level (2-tailed).  

Collaboration distance 

Most of UIC top-10 Chinese universities collaborate more with domestic than foreign industry, but the 

variation is high. Not surprisingly, the University of Hong Kong and Chinese University Hong Kong 

collaborate heavily (>70%) with foreign industry. Peking University also collaborates more with foreign 

industry than domestic industry (in mainland China). Nevertheless, the top UIC producer – Shanghai Jiao 

Tong University – collaborates mostly with domestic industry. Most industrial partners of the top-10 

Chinese universities are located further than 50 kilometers away from the city center where the university 

(or its main campus) is located (Table 5), implying less importance of the geographical distance in 

deciding about domestic university-industry collaborations in China. 

Table 5. Collaboration distance of top-10 Chinese universities in UIC productivity in all sciences*. 

Rank University P(UIC) %UIC %Local %Domestic %Foreign 

1 Shanghai Jiao Tong Univ 651 3.7  29 76 26 

2 Tsinghua Univ 636 4.0  34 55 48 

3 Zhejiang Univ 547 2.8  18 54 48 

4 Peking Univ 494 2.9  29 44 60 

5 Fudan Univ 442 3.3  35 56 51 

6 Univ Hong Kong 302 2.9  17 31 71 

7 Chinese Univ Hong Kong 291 3.2  13 30 75 

8 Peking Union Med Coll 285 3.2  26 54 54 

9 Huazhong Univ Sci & Technol 255 2.6  22 60 42 

10 Xi'an Jiaotong Univ 251 3.1  25 65 38 

*Publications with both domestic and foreign collaborations may result in the percentages not adding up 

to 100. 

The top-10 American universities in UIC productivity collaborate with domestic firms significantly more 

than with foreign ones, and with low variation. Similar to Chinese situation, distance is not a critical factor 

in domestic university-industry collaboration (Tables 5 and 6).   
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Table 6. Collaboration distance of top-10 American universities in UIC productivity in all sciences. 

Rank University P(UIC) %UIC %Local %Domestic %Foreign 

1 Harvard Univ 3756 6.7 26 83 23 

2 Stanford Univ 2429 9.4 36 85 21 

3 Univ Calif - Los Angeles 2101 7.8 12 85 21 

4 Univ Washington - Seattle 1998 7.5 20 88 18 

5 Johns Hopkins Univ 1989 7.7 10 83 23 

6 Univ Calif - San Diego 1989 9.0 30 85 21 

7 Univ Calif - San Francisco 1732 8.7 29 87 21 

8 Univ Michigan 1709 6.0 10 84 21 

9 Duke Univ 1691 8.2 17 86 20 

10 Columbia Univ 1646 7.1 21 86 18 

 

3.2 Performance in life sciences 

Publication productivity 

In China, Zhejiang University takes the absolute lead again, with 817 publications more than that of the 

second largest producer Shanghai Jiao Tong University. The two most ideal universities of Chinese 

students – Peking University takes the seventh rank whereas Tsinghua University does not appear in the 

top-10 list. In the USA, the first position of Harvard University is again unshakable, with publications 

twice as many as those of the second one, University of California at Davis. Productivities of the top-10 

universities of the USA are significantly higher than those of Chinese universities (Table 7). In fact, 

productivity of the first publication producer of China – Zhejiang University (i.e., 4,363 papers) – is just 

slightly higher than that of the 16
th
 producer of the USA –University of Pennsylvania (4,275). 

Table 7. Top-10 universities publishing in life sciences (2009-2012). 

Rank China P(USA)/ 

P(China) 

USA 

 University P P University 

1 Zhejiang Univ 4363 2.8 12249 Harvard Univ 

2 Shanghai Jiao Tong Univ 3546 1.8 6344 Univ Calif - Davis 

3 China Agr Univ 3359 1.8 6086 Cornell Univ 

4 Fudan Univ 3317 1.8 5824 Univ Calif - San Diego 

5 Sun Yat-sen Univ 3164 1.8 5753 Univ Florida 

6 Peking Union Med Coll 3009 1.9 5586 Univ Washington - Seattle 

7 Peking Univ 2930 1.8 5230 Univ Wisconsin - Madison 

8 Sichuan Univ 2083 2.5 5149 Johns Hopkins Univ 
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9 Nanjing Agr Univ 2054 2.4 5028 Univ Michigan 

10 Shandong Univ 1956 2.5 4876 Stanford Univ 

University-industry collaboration (UIC)  

Most of Chinese top-10 publication producers in life sciences are relatively more active in collaboration 

with industry. Of the top-10 most productive universities in Table 7 only two, including Nanjing 

Agriculture University and Shandong University disappear and are replaced by China Pharmaceutical 

University and Peking Union Medical College in the top-10 list of university-industry collaboration 

(tables 7 and 8). In the USA, three universities in the top-10 publication producers disappear and are 

replaced by University of California – San Francisco, Duke University, and University of California – Los 

Angeles. The top-10 American universities produce many more UIC publications than those of China 

(Table 8). 

Table 8. Top-10 universities collaborating with industry in publications in life sciences (2009-2012). 

R
a
n

k
 

China P(UIC-US

A)/ 

P(UIC-Ch

ina) 

USA 

University 

P(UIC

) 

P(UIC

) University 

1 Fudan Univ 113 7.5 844 Harvard Univ 

2 Zhejiang Univ 111 3.9 432 Stanford Univ 

3 Shanghai Jiao Tong Univ 110 3.9 431 Univ Calif - San Diego 

4 China Agr Univ 104 4.0 419 Johns Hopkins Univ 

5 
Peking Univ 101 3.9 397 

Univ Calif - San 

Francisco 

6 
Peking Union Med Coll 100 3.7 368 

Univ Washington - 

Seattle 

7 China Pharmaceut Univ 74 4.9 366 Duke Univ 

8 Tsinghua Univ 70 4.9 341 Cornell Univ 

9 Sun Yat-sen Univ 67 5.1 340 Univ Florida 

10 
Sichuan Univ 57 5.8 331 

Univ Calif - Los 

Angeles 

 

The UIC intensity of Chinese universities is significantly lower than that of the USA in life sciences 

(Table 9). The highest UIC intensity of Chinese universities is 7.8%, whereas that of the US universities is 

11.3%. In fact, of the 166 universities included in the Leiden Ranking 27 have a percentage UIC higher 

than 7.5%. In terms of UIC intensity, Chinese universities are again notably less active in collaboration 
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with industry compared with those of the USA. Of the top-10 Chinese universities collaborating with 

industry, four including Tsinghua University, Peking University, Fudan University, and China 

Pharmaceutical University also take the lead in terms of UIC intensity. In the USA, however, only two of 

the top-10 publication producers, namely Stanford University and University of California - San Francisco 

appear in the top-10 list of UIC intensity (Tables 8 and 9). 

Table 9. Chinese and American universities with top-10 UIC intensity in life sciences. 

R
a

n
k

 

 China USA 

University P(

UI

C) 

%U

IC 

%U

IC 

P(UI

C) 

University 

1 China University of Geosciences 9 7.8 11.3 191 Tufts University 

2 Zhejiang University of Technology 21 7.4 10.6 52 Northeastern University, USA 

3 

China Pharmaceutical University 
74 

6.8 9.4 
122 

University of South Florida, 

Tampa 

4 East China University of Science 

and Technology 
44 

5.4 9.4 
37 

Rensselaer Polytechnic Institute 

5 South China University of 

Technology 
38 

5.0 9.4 
40 

Rush University 

6 Tsinghua University 70 4.8 9.4 173 University of Colorado, Denver 

7 

Harbin Institute of Technology 
20 

4.1 9.0 
145 

Oregon Health & Science 

University 

8 Nanchang University 17 3.7 8.9 432 Stanford University 

8 Beijing Institute of Technology - 

BIT 
6 

3.7 8.8 
77 

Georgetown University 

9 Shanghai University 15 3.6 8.7 13 Boston College 

9 

Tianjin University 
18 

3.6 8.4 
397 

University of California, San 

Francisco 

1

0 Peking University 

10

1 3.4 8.4 
180 

University of Utah 

1

0 Nankai University 
37 

3.4 8.4 
36 

Loyola University Chicago 

1

0 Fudan University 

11

3 3.4 8.4 
125 

University of Texas Health 

Science Center, Houston 

1

0  

 

 8.3 
93 

Thomas Jefferson University 

1

0  

 

 8.3 
129 

University of Medicine and 

Dentistry of New Jersey 

1

0  

 

 8.2 
78 

University of Arkansas, 

Fayetteville 

1

0  

 

 8.2 
86 

Mississippi State University 

 

The different lists of top-10 universities in UIC productivity and UIC intensity imply low correlation 

between the two indicators. Nevertheless, the correlation between collaborated publications including UIC 

papers and total publications are significantly high (Table 10). In other words, high production of 
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international publications including collaborated publications does not necessarily mean high intensity of 

university-industry collaboration, but is highly relevant to university-industry collaborations. In fact, 

universities with high publication productivities tend to have lower UIC intensity (Tables 7 and 9). 

Table 10. Correlation coefficient of Spearman‘s rho of Chinese and American universities listed in the 

Leiden 2014 in life sciences. 

       China 

USA P P(collab) P(UIC) %(UIC) 

P 1.000 .989
**

 .869
**

 .097 

P(collab) .997
**

 1.000 .876
**

 .133
**

 

P(UIC) .869
**

 .970
**

 1.000 .531
**

 

%(UIC) .380
**

 .387
*
 .574

**
 1.000 

**. Correlation is significant at the 0.01 level (2-tailed). 

Collaboration distance 

Half or more of the top-10 Chinese universities‘ UIC productivity are collaborated with domestic firms, 

but great variation exists. For instance, China Pharmaceutical University mostly (80%) collaborating with 

domestic firms and some (e.g., Fudan University) collaborates slightly more with foreign firms. Most of 

the industrial partners of the top-10 Chinese universities in UIC productivity are located further than 50 

kilometers away from the city center where the university (or its main campus) is located. Zhejiang 

University and Shanghai Jiao Tong University represent two types of collaboration, the former 

collaborates mostly (80%) with firms over 50 kilometers away and the later prefers neighboring firms 

(Table 11). To the top-10 Chinese universities that are most active in collaborating with firms, distance is 

not significant in deciding university-industry collaboration. 

Table 11. Collaboration distance of top-10 Chinese universities in UIC productivity life sciences. 

Rank University P(UIC) %UIC %Local %Domestic %Foreign 

1 Fudan Univ 113 3.4  31 46 58 

2 Zhejiang Univ 111 2.5  20 49 55 

3 Shanghai Jiao Tong Univ 110 3.1  40 55 48 

4 China Agr Univ 104 3.1  37 52 48 

5 Peking Univ 101 3.4  33 48 54 

6 Peking Union Med Coll 100 3.3  32 57 46 

7 China Pharmaceut Univ 74 6.8  34 80 20 

8 Tsinghua Univ 70 4.8  34 47 54 

9 Sun Yat-sen Univ 67 2.1  21 61 45 

10 Sichuan Univ 57 2.7  30 65 37 
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In life sciences domestic collaboration rate of the top-10 American universities is significantly higher than 

that of China, and with little variation from the lowest of 73% of Cornell University to the highest of 89% 

of University of California - San Francisco. Most of the industrial partners of the top-10 American 

universities in UIC productivity are located further than 50 kilometers away from the city center where the 

university (or its main campus) is located. Great variation, however, exists in this regard. For example, 94% 

of UIC productivity of Johns Hopkins University are collaborated with non-local firms, whereas Stanford 

University and University of California – San Diego collaborate relatively more with local firms (Table 

12). Similar to Chinese universities. Distance is not significant in deciding domestic university-industry 

collaboration relations. 

Table 12. Collaboration distance of top-10 American universities in UIC productivity in life sciences. 

Rank University P(UIC) %UIC %Local %Domestic %Foreign 

1 Harvard Univ 844 6.9  32 81 25 

2 Stanford Univ 432 8.9  38 88 18 

3 Univ Calif - San Diego 431 7.4  38 85 21 

4 Johns Hopkins Univ 419 8.1  6 80 26 

5 Univ Calif - San Francisco 397 8.4  31 89 16 

6 Univ Washington - Seattle 368 6.6  25 86 19 

7 Duke Univ 366 7.7  16 78 26 

8 Cornell Univ 341 5.6  10 73 34 

9 Univ Florida 340 5.9  13 82 20 

10 Univ Calif - Los Angeles 331 7.1  10 82 27 

 

3.3 Performance in natural sciences 

Publication productivity 

In natural sciences, Tsinghua University is most productive among the Chinese universities. In total five 

Chinese universities, namely Tsinghua University, Zhejiang University, Peking University, University of 

Science and Technology of China, and Nanjing University have produced over 6,000 papers in 2009-2012. 

In the USA, University of California – Berkeley takes the absolutely with 8,229 publications, and is the 

only one with more than 8,000 publications. Productivity of the top-10 American universities is higher 

than that of Chinese universities at the same rank except universities at the fifth and sixth position. 

Variation of publication productivity of top-10 American universities is higher than that of the Chinese. 

As the first largest publication producer, University of California – Berkeley has published 3,810 more 

papers than Princeton University at the 10
th
 position, whereas publication difference between the first and 

10
th
 Chinese universities is 2,554 (Table 13). 
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Table 13. Top-10 Chinese and American universities publishing in natural sciences (2009-2012). 

R
a

n
k

 

China P(USA)/ 

P(China) 

USA 

University P P University 

1 Tsinghua Univ 6686 1.2  8229 Univ Calif - Berkeley 

2 Zhejiang Univ 6513 1.2  7780 Harvard Univ 

3 Peking Univ 6236 1.2  7725 MIT 

4 Univ Sci & Technol China 6054 1.2  7346 Caltech 

5 Nanjing Univ 6029 0.9  5321 Stanford Univ 

6 Jilin Univ 5252 1.0  5184 Univ Michigan 

7 Sichuan Univ 4354 1.1  4828 Univ Calif - Los Angeles 

8 Shandong Univ 4239 1.1  4774 Univ Maryland - College Park 

9 Fudan Univ 4236 1.1  4501 Univ Wisconsin - Madison 

10 Shanghai Jiao Tong Univ 4132 1.1  4419 Princeton Univ 

University-industry collaboration (UIC)  

Most of the top-10 Chinese universities are also relatively more active in collaborations with industry in 

natural sciences. Of the top-10 publication producers of China, eight take the lead. The two universities no 

longer appear in the top-10 list of university-industry collaboration are University of Science and 

Technology of China and Shandong University and are replaced by Tianjin University and Jilin University 

respectively. The situation is similar in the USA: Two universities, namely University of Wisconsin – 

Madison and University of Michigan are replaced by University of California - San Diego and Purdue 

University – Lafayette. Nevertheless, the top-10 American universities in collaboration with firms produce 

significantly more UIC papers than those of Chinese universities. Take the first UIC producers of China 

and the USA, for example, Zhejiang University had only produced 182 UIC papers in four years 

(2009-2012), whereas that of Stanford University was 693. As the 10
th
 UIC paper producer of China, 

Sichuan University only generated 80 UIC papers, far less than that of the 10
th
 UIC paper producer of the 

USA (i.e., Harvard University) (Table 14).  
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Table 14. Top-10 universities collaborating with industry in publications in natural sciences (2009-2012). 

R
a

n
k

 

China P(UIC-USA)/ 

P(UIC-China) 

USA 

University P(UIC) P(UIC) University 

1 Zhejiang Univ 182 3.8  693 Stanford Univ 

2 Tsinghua Univ 178 3.2  571 MIT 

3 Fudan Univ 154 3.0  466 Univ Calif - Berkeley 

4 Tianjin Univ 128 3.6  455 Caltech 

5 Shanghai Jiao Tong Univ 122 3.6  442 Univ Calif - San Diego 

6 Peking Univ 117 3.7  436 Princeton Univ 

7 Beijing Univ Chem Technol 114 3.6  405 Univ Calif - Los Angeles 

8 Jilin Univ 82 4.9  398 Univ Maryland - College Park 

9 Nanjing Univ 80 4.5  363 Purdue Univ - Lafayette 

10 Sichuan Univ 80 4.4  353 Harvard Univ 

 

Of the top-10 Chinese universities in collaborating with industry in terms of publication productivity, only 

three, namely Beijing University of Chemical Technology, Tianjin University and Fudan University also 

take the lead in UIC intensity. Only two American universities, namely Stanford University and 

University of California - San Diego hold their positions in the top-10 American universities in 

collaboration with industry measured by either productivity or intensity. The UIC intensity of the top-10 

Chinese universities is again significantly lower than that of the top-10 American universities at the same 

rank, and the situation is even worse than in life sciences. Take two universities ranked respectively the 

first in China (i.e., Beijing University of Chemical Technology) and in the USA (i.e., George Mason 

University) for example, the UIC intensity of the later is nearly five times that of the former (Table 15). 

Table 15. Top-10 Chinese versus American universities measured by UIC intensity in natural sciences. 

 China USA 

University P(UIC

) 

%UI

C 

%UI

C 

P(UIC

) 

University 

Beijing Univ Chem 

Technol 
114 5.3  24.6  153 George Mason Univ 

Beijing Univ Posts & 

Telecom 
24 4.7  16.4  23 

Univ Texas - Hlth Sci Ctr San 

Antonio 

Tianjin Univ 128 4.6  16.1  70 Univ Calif - San Francisco 

China Pharmaceut Univ 17 4.4  14.9  63 Univ Maryland - Baltimore 

China Univ Geosci 25 4.3  13.0  156 Rensselaer Polytech Inst 

Southern Med Univ 6 4.1  13.0  693 Stanford Univ 

Fudan Univ 154 3.6  12.7  86 Lehigh Univ 

Second Mil Med Univ 8 3.5  12.4  442 Univ Calif - San Diego 

Northeastern Univ - China 24 3.4  11.5  16 Baylor Coll Med 

China Agr Univ 10 3.2  11.2  27 Univ N Carolina - Charlotte 

In natural sciences, great variation occurs again between UIC productivity and UIC intensity. Similar to 

the situation in life sciences, the correlation between the two indicators is low, but is high between UIC 

productivity, coauthored publications and total publications (Table 16). In other words, high production of 
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international publications including collaborated publications does not necessarily lead to high UIC 

intensity, but highly relevant to UIC productivity. In fact, universities with high publication productivities 

tend to have lower UIC intensity. 

Table 16. Correlation coefficient of Spearman‘s rho of Chinese and American universities listed in the 

Leiden 2014 in natural sciences. 

       China 

USA P P(collab) P(UIC) %(UIC) 

P 1.000 .987
**

 .901
**

 .084 

P(collab) .995
**

 1.000 .902
**

 .100 

P(UIC) .917
**

 .909
**

 1.000 .455
**

 

%(UIC) .140 .128 .482
***

 1.000 

**. Correlation is significant at the 0.01 level (2-tailed). 

Collaboration distance 

Collaboration distance of Chinese universities varies greatly. Of the top-10 universities most active in 

collaboration with firms, two including Peking University and Zhejiang University publish more papers 

with foreign partners than with domestic ones. Most of the UIC papers of Peking University (71%) are 

collaborated with foreign industrial partners, whereas that of Zhejiang University is 54%. On the contrary, 

the other eight universities publish more with domestic than with foreign industrial partners, with Beijing 

University of Chemical Technology and Sichuan University as the extreme. In terms of domestic 

industrial partners of the top-10 universities, nine are located further than 50 kilometers away from the 

city center where the university (or its main campus) is located with Beijing University of Chemical 

Technology as an exception (Table 17). 

Table 17. Collaboration distance of top-10 productive UIC universities of China in natural sciences. 

University P(UIC) %UIC %Local %Domestic %Foreign 

Zhejiang Univ 182 2.8 12 46 54 

Tsinghua Univ 178 2.7 29 56 44 

Fudan Univ 154 3.6 37 64 44 

Tianjin Univ 128 4.6 18 59 42 

Shanghai Jiao Tong Univ 122 3.0 29 64 38 

Peking Univ 117 1.9 19 29 71 

Beijing Univ Chem Technol 114 5.3 67 79 21 

Jilin Univ 82 1.6 23 59 43 

Nanjing Univ 80 1.3 16 65 36 

Sichuan Univ 80 1.8 15 75 29 
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In natural sciences similar situation occurs in the top-10 American universities. Most university-industry 

collaboration is domestic and variation in terms of percentage of domestic collaboration among the top-10 

universities is significantly lower than that among Chinese universities. In terms of distance of domestic 

collaboration, most industrial partners of the top-10 American universities are located further than 50 

kilometers away from the city center where the university (or its main campus) is located. Great variation, 

however, exists in domestic collaboration in terms of distance between a university and its industrial 

partners: only 4% of UIC papers of Purdue University – College Park are collaborated with local firms, 

whereas that of University of California - San Diego is 46% (Table 18). Similar to Chinese universities, 

distance is not significant in deciding for domestic university-industry collaboration relations. 

Table 18. Collaboration distance of top-10 productive UIC universities of the USA in natural sciences. 

University P(UIC) %UIC %Local %Domestic %Foreign 

Stanford Univ 693  13  36  83  19  

MIT 571  7  20  79  23  

Univ Calif - Berkeley 466  6  21  73  29  

Caltech 455  6  16  77  26  

Univ Calif - San Diego 442  12  46  88  15  

Princeton Univ 436  10  18  86  14  

Univ Calif - Los Angeles 405  8  23  83  21  

Univ Maryland - College Park 398  8  25  88  12  

Purdue Univ - Lafayette 363  10  4  87  15  

Harvard Univ 353  5  23  79  25  

4.  Conclusions and discussion 

Publication productivities of most of the top-10 American universities are higher than those of Chinese 

universities at the same rank, although China has already taken the second position. The difference is most 

pronounced when aggregating publications in all sciences, and then life sciences, and less so in natural 

sciences. In all sciences, for instance, productivity of the first international publication producer of China 

– Zhejiang University is only similar to that of the 19
th
 producer (University of California – Davis) of the 

USA. In the natural sciences, however, publication productivities of Nanjing University and Jilin 

University are even higher than those of Stanford University and University of Michigan respectively at 

the same ranks.  

In terms of university-industry collaboration reflected by publications, however, the gap between China 

and the USA is even wider than that of total publications in all sciences and life sciences and less so in 

natural sciences. Compared with Chinese top-10 universities in total publications, those of the USA 

perform better in collaboration with industry: Of the top-10 Chinese most productive universities in all 
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sciences, only six are active in collaborating with industry, whereas the figure of the American is eight. 

Look into performance of university-industry co-authorship in broad fields in terms of the gap to the USA, 

the top-10 Chinese universities perform relatively better in natural sciences than in life sciences.  

Great difference exists again between Chinese and American universities in selecting industrial partners: 

The American system is very much nationally oriented, whereas the Chinese system is oriented both 

nationally and internationally. Some Chinese universities prefer domestic firms and some are more 

involved with foreign firms. The national orientation of university-industry collaboration of the USA may 

imply that the American innovation system is more self-organized than that of China, or that, in other 

words, the Chinese innovation system is more open than that of the USA. 

Publication activities of both Chinese and USA universities have something in common: Productivity of 

international publications is highly relevant to research collaboration including university-industry 

collaboration, but does not necessarily result in high intensity of university-industry collaboration. In 

domestic collaboration, distance is not critical in deciding collaboration relations with firms. In fact, 

universities with high publication productivities are likely to have lower UIC intensity. In measuring 

activity of a university in collaborating with industry, it is better to use both publication productivity and 

collaboration intensity so as to look into the situation from these two different perspectives. 
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Abstract: The research is about the impact on project management performance of the field cognitive style 

of project managers from collaborative innovation projects. Project managers of various levels, about 215, 

have been tested on their cognitive style, through a questionnaire survey and interviews. There are 60 

effective experimental data to determine the typical independent style and field dependent cognitive style, 

and each style comprises 30 people. Using SPSS19.0 statistical software for data analysis of variance, 

correlation analysis and regression analysis, the authors find the following conclusions: project managers‟ 

field cognitive style has a significant influence on project management performance. Among them, project 

managers having a field independent style have significant positive influence on project management 

performance in terms of project schedule and project risk, reflecting reliability on preference management 

style; project managers with the field dependent style have a significant positive influence on project 

management performance of personnel management and communication of stakeholders, reflecting 

effectiveness preference management style. From the point of view of project managers, the conclusions 

will make project managers understand their own cognitive style and management style,  they will be  

more competent in project management work, according to their own strengths and special features, 

distributing project tasks evenly between project team members, and achieving project goals. From the 

point of view of project stakeholders, project managers are more likely to be selected, appointed and 

managed by senior managers. In the end, the conclusions provide a powerful basis and reference in the 

theory and practice of continuously improving the performance of project management. 

Keywords: Project Management Performance; Cognitive Style; Project Manager; Collaborative 

Innovation 

1.  INTRODUCTION 

Collaborative innovation project is a kind of project model which has numbers of innovation subjects. The 

purpose of these subjects is to achieve technological innovation. With the developing of the world 

economy, science and techniques are being constantly refined. Today, the level of science and technology 

has become a high-profile indicator to measure comprehensive national power and reflect national 

economic development. In the process of technology development, the single innovation subject can 
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hardly satisfy the needs of innovation and keep pace with the times. Therefore, as a new way of 

integrating multi-subject resources to produce technological innovation, collaborative innovation has 

become a new trend in science and technology development, and the collaborative innovation project is an 

effective way and vehicle to realize it. The collaborative innovation project has some special 

characteristics such as being interdisciplinary, cross-subject, high cost and risk, with complicated 

stakeholders, and so on, so the management behavior of the project manager, who is the person in charge, 

is of great important to project success. The management behavior of the project manager is affected and 

controlled by his cognitive style, it performs a crucial guidance function to project trend and development 

and finally determines the project management performance. Consequently, the cognitive style of the 

project manager is an important factor to determine whether the project management can achieve success. 

Project management is a process whereby the project manager effectively organizes and uses human, 

financial and material resources, information, space-time factors and draws support from management 

methods such as planning, coordination, inspection and improvement to achieve the project goals. For the 

collaborative innovation project, its aim is to satisfy stakeholders‘ needs and achieve the multi-subject 

project objectives. The fundamental effect of management is to enhance efficiency and reduce risk; 

therefore, the efficiency and probability of reliability become the key indicators to measure management 

performance.  

As a multi-subject cooperation and high technology project model, the collaborative innovation project 

has strict requirements on reliability such as project schedule control and risk management. At the same 

time, the existence of multiple innovative subjects requires the effective coordination of each stakeholder 

during the project process; thus, multi-subject behavior can be coordinated rapidly and efficiently. As a 

result, the demands of stakeholders can be satisfied and they can take responsibility for the project. This 

article draws lessons from former scholars‘ research findings of project performance and combines them 

with project management theory. We proceed from the characteristics of collaborative innovation projects 

and choose the project schedule and project risk as the reliability index of management and personnel 

management, and communication management as the efficient index of management in ten areas of 

knowledge from PMBOK. As the person in charge of the whole project, the project manager‘s attribute 

features have a great impact on the project, and will determine the trend of project and influence the 

project management performance. The project manager‘s cognitive style is the important ingredient of 

individual attributes, but there is less research on the impact of project managers‘ cognitive style on 

project management performance. This article starts from project managers‘ individual attributes and 

studies the functions and influences of project managers‘ cognitive style on project management 

performance. 

In summary, this article will take the field cognitive style theory as a theoretical basis and study the impact 

of project managers‘ cognitive style on collaborative innovation project management performance. 
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Through the questionnaire and empirical analysis methods, we analyze the field independent style and 

field dependent style of project managers and see their functions and influences on different indexes of 

collaborative innovation project management performance. After that, we will use the results to provide 

the conclusions and suggestions for project managers. With the understanding of self-cognitive style, the 

project managers can use their own strengths and realize the project management problems caused by their 

own cognitive attribute. As a result, we can increase the success rate of collaborative innovation project 

and improve the collaborative innovation project performance. 

2.  THEORY AND REFERENCE 

2.1. Project management performance 

Considering the characteristics of collaborative innovation project such as high risk, project lifecycle 

uncertainty, personnel management difficulty, stakeholder complexity and so on, we use the ten areas of 

knowledge in PMBOK for reference and combine the collaborative innovation project practice, related 

references and self-thinking with it. Then this article proposes measuring project management 

performance through project schedule, project risk, personnel management and communication 

management. 

Project schedule is also called the project proceeding, and we can control the project effectively through it. 

The collaborative innovation project involves the innovation and R&D works. R&D works have large 

uncertainties, so the project sometimes cannot satisfy the preset project milestones and the controllability 

of the project schedule is poor. But the speed of scientific and technological upgrading is at a highlevel. 

The project clients want to get to the innovation achievements they need in the stipulated time so that they 

can seize business opportunities in order to avoid being left behind by other competitors. The issues of 

project schedule such as the preliminary planning, the setting of project time node and milestones and 

whether the project achievements can be delivered on schedule will have a great impact on project 

performance.  

Project risk comprises the uncertain or unknown events which may cause losses and failure during project 

process. The collaborative innovation project has the feature of multi-innovation subjects: there are 

massive and unpredictable behaviors and issues in the process of integration and coordination for each 

innovation subject. Meanwhile, the collaborative innovation itself has the characteristics of high 

technological content, long research and development cycle, the mismatching of innovation achievement 

and practical application, and it also increases the project risk. It is a big trouble for the project manager to 

realize and control the collaborative innovation project risk effectively and improve the management 

performance through his own cognition and judgment.  

Human work is the main instrument to finish the project, therefore personnel management is an important 

factor for project success. The effective and correct management of the project participants is the 
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prerequisite of progressing the project. The collaborative innovation project has multi-innovation subjects 

and the members of the project team are from different organizations. They will form their project 

behaviors under the aim of maximizing the benefits for their own organization. This may cause some bad 

influences on project implementing and controlling. The project manager needs to integrate and 

coordinate the project staff from different organizations and balance the assignment of responsibility and 

interest demand. The project manager should make all of the staff in the project team take accomplishing 

the project achievements as the first goal so that the project can run steadily and the project performance 

can be increased. 

Communication management is an important method to guarantee information dissemination without any 

barriers. The relationship of stakeholders in the collaborative innovation project is very complicated: their 

understanding and comprehension of the tasks and rules and regulations, and their using and distribution 

of resources are all quite different. The key to communication management in collaborative innovation 

projects is to build an effective communication platform among the project team, improve the efficiency 

and accuracy of information and integrate the superiority? resources from every innovation subject. The 

members in the project team are from different organizations; their goal is to maximize the benefits for 

their own organization. This thought will cause many conflicts and contradictions. If the conflicts and 

contradictions cannot be solved in time, they will bring great harm to the project. Project managers should 

use their own experiences and cognition to manage the communication and coordination of the whole 

project team. This will guarantee the effective transfer and best use of information and resources and 

reduce the conflicts and contradictions caused by the improper communication. 

2.2. Cognitive style 

The research on cognitive style starts in in the 1940s. Allport proposed the conception of cognitive style 

when he studied the Life-Style in 1937. After that, the research about cognitive style became widespread. 

Witkin (1962) proposed the field independent style and field dependent style; Kagan(1965) came up with 

the impulse-meditation cognitive style; Kirton explained cognitive style as the way that individuals deal 

with the problems on preference; Messick(1994) considered that cognitive style reflected the internal laws 

that people handled with information and it is a special model whereby people perceived, remembered and 

solved problems. Among all the cognitive styles, the field cognitive style is the most widely used one. The 

field independent style and field dependent style are two structural conceptions of cognitive style. From 

the view of cognition, the field dependent style is used to make decisions and judgments relying on the 

external environment. The style usually thinks and analyzes problems from the whole situation and can 

hardly separate the individual from the whole. In contrast, the field independent style will not be easily 

affected by the environment and can choose appropriate behaviors according to self-judgment. It will not 

be influenced by other factors when analyzing one specific factor (Witkin & Goodenough 1981). The 
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conceptions of the field independent style and field dependent style originated from Witkin‘s research 

about how pilots could adjust their position in the Second World War. It is called body compliance test. 

After that, Witkin continued the Rod-frame Test, the Rotating Room Test, the Mosaic Graphics Test, and 

so on. He found that the differences of the tested persons had obvious autocorrelation consistency and 

individual consciousness judgment had stability and continuity. In the perception of external objects, 

dependence style is exterior orientation and field independence is the internal orientation. Witkin pointed 

out that when the external environment appeared to be a domination field, a field independent individual 

preferred to get over the field organization or rebuild the field, but a field dependent individual was 

inclined to rely on the given field organization. The field cognitive preference theory proposed and revised 

by Witkin has always been of great guiding significance in cognitive style research. As it is not only the 

summary of large quantity research results by Witkin himself but also reflects the objectivity, 

development and operability principle of psychology theory. 

2.3. Correlational research about the relationship between field cognitive style and performance 

Currently, research on the relationship between field cognitive style and performance is mainly focused on 

pedagogy and psychology. Bergum (1977) found that compared with students learning less creative 

subjects, students learning subjects which were more creative showed more field dependent features; 

Avolio (1979) discovered that field dependent tested persons preferred the pace of stimulus presentation in 

the selective attention task and their sensitivity to time was not high; Brown (1987) found that a field 

dependent style could promote foreign language learning in a social environment, while the field 

independent style could make the normal class more effective. The research carried out by Mohammad 

Ali (2004) showed that a field dependent person got higher marks then a field independent one in 

comprehensive tasks and a field independent person was better in analysis tasks. At the same time, 

Mohammad Ali (2006) studied the relationship between field cognitive style and communicative nature. A 

field dependent style person showed better performance in the communicative nature test. McElroy (2007) 

found that field independent persons were less affected by external forces and they usually made decisions 

by themselves. In contrast, field dependent persons were passive and lacked self-judgment. They would 

make different decisions with the changes of different information and emotion in the decision 

environment. Fabio Boschetti (2012) considered that the communication and engagement processes were 

related to the cognitive styles of stakeholders in environmental projects. Ming-Huei Chen (2015) found 

that there was a  relationship between entrepreneurs' creativity cognitive style, conflict handling style, 

and career success in creative industry sectors. Franco Mawad (2015) detected that field independent 

subjects are characterized by having less difficulty in separating information from its contextual 

surroundings and are less likely to be influenced by external cues than field dependent individuals. 

According to the above-mentioned research results, we can see that the field cognitive style has great 

impact on study timing performance, risk controlling, information dealing performance, interpersonal 
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relationship performance and so on. On the same principle, project management performance, like project 

schedule, project risk, personnel management and communication management are related to the project 

manager‘s field cognitive style. Therefore, we propose the following hypotheses: 

Ha: The field independent project manager has significant influence on collaborative innovation project 

management performance. 

H1: The field independent project manager has significant influence on collaborative innovation project 

schedule control. 

H2: The field independent project manager has significant influence on collaborative innovation project 

risk control. 

H3: The field independent project manager has significant influence on collaborative innovation project 

personnel management. 

H4: The field independent project manager has significant influence on collaborative innovation project 

communication management. 

Hb: The field dependent project manager has significant influence on collaborative innovation project 

management performance. 

H5: The field dependent project manager has significant influence on collaborative innovation project 

schedule control. 

H6: The field dependent project manager has significant influence on collaborative innovation project risk 

control. 

H7: The field dependent project manager has significant influence on collaborative innovation project 

personnel management. 

H8: The field dependent project manager has significant influence on collaborative innovation project 

communication management. 

One the basis of above-mentioned assumptions, we come up with the following model (Figure 1): 
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Figure 1 The relationship of field cognitive style and project management performance model 

3.  RESEARCH METHOD 

3.1. Experimental objective 

This experiment is aimed at validating whether a project manager‘s cognitive style hasinfluence on 

collaborative innovation project management performance. We will use interview, questionnaire and 

detection test to gain the data. Then we do statistical analysis and research on the data to validate the 

theory hypotheses. To achieve the experimental objective, we design two sets of questionnaires to test the 

investigated subjects. First we test the field cognitive style of experimenters and classify them into field 

dependent style and field independent style. Then we perform the cognition investigation for different 

cognitive preference experimenters. The cognition investigation is about the importance, personal 

competence, personal intention and project‘s actual effect of the four project performance indexes. 

3.2. Sample 

In order to reduce common method variance, we carried out experimental, questionnaire and interview 

investigation with 215 persons among different levels from a military project, research project, 

construction project and IT project. The first investigation was for 108 project members from a military 

project, the second investigation investigated 68 project members from a research project, and the third 

investigation chose 9 project members and executives from a construction project to do the interview, 

experiment and questionnaire. The last investigation involved interview, experiment and questionnaire 

with 30 project members and executives from an IT project. All the investigations were finished and 

recorded on the scene. The investigations mainly referred to self-cognition preference, personal 

competence, personal intention, the project‘s actual effect and importance of four project management 

performance indexes. 

After four investigations, we select the typical field independent style and field dependent style personnel 

according to this: the one who finished the mosaic graphics test within the stipulated time and got full 

marks is the typical field independent style; the one who did not finish the mosaic graphics test within the 

stipulated time and got lower marks is the typical dependent style. Based on the above-mentioned 

selection criteria, we choose 30 testees from both field independent style and field dependent style and we 

got 60 effective experimental data. 
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3.3. Experimental method 

3.3.1. Designing of the questionnaire on the influence of cognitive style on project management 

performance 

This study uses the scale that has been used in the existing literature in order to ensure the validity and 

reliability of the survey tools and we have made some appropriate modification on the basis of our study 

goals. This study mainly uses the published academic papers, cases and interview data for reference to 

define and measure the project management performance. Before the questionnaire was formalized, we 

did a pre-survey with some project members and revised the questionnaire according to the suggestions 

given by the testees. 

3.3.2. Mosaic graphics test 

Currently, several common tools used to test cognitive style are the mosaic graphics test and rod-frame 

test (Witkin), frame-line test (Kitayama) and cognitive bias task (Goldberg). Among them, the mosaic 

graphics test (Witkin, Moore, Goodenough & Cox, 1977) is also called the hidden figures test. It is one of 

the most widely used methods. This test requires the testees to find a simple graph set hidden in a 

complicated graph. In this test, the one who can remove the interference of background factors and find 

the appointed simple graph quickly and easily represents the field independent style. The one who has 

trouble in finishing the test is of the field dependent style. 

This study‘s assessment tool of cognition preference is the mosaic graphics test designed and revised by 

professor ZHANG Houcan in Beijing Normal University. The test consists of four parts. They are test 

explanation, simple graph, test content and basic situation survey of the testees. The test content is made 

of three parts: the first part consists of 9 complicated graphs. This part is used for practice. The second and 

third part consist of 10 complicated graphs. There is a simple graph number that should be found under 

each title. The testees are asked to outline the appointed simple graph. These two parts are the formal tests 

and there is one point for each title. The test time is 12 minutes. The first part of the test will not be scored. 

It is used to judge whether the testees truly understand the illustration of the test. If the testee does not 

understand the illustration, his questionnaire will be viewed as an invalid questionnaire. 

4.  RESULTS AND INTERPRETATION 

4.1. Descriptive statistic analysis 

The descriptive statistical analysis of the 60 testees involves gender, age, working life, management level, 

project type and project scale. According to the investigation results, for gender, 71.7% of the testees are 

male and 28.3% female; for age, 28.3% are under 30; 35% are between 31 to 40; 20% among them are 41 

to 50 and 16.7% are over 50; on working life, 75% of the testees have more than three years‘ experience at 

project working and 25% of them have project working experience of less than three years; for the 
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management level, the middle-level managers in the testees make up 40%, while the grassroot managers 

comprise 25%, and the rest are senior managers; for project type, 26.7% are military projects; 36.7% 

research projects; 18.3% IT projects and 18.3% construction projects; for project scale, 23.3% of the 

project teams have less than 50 members, 41.7% of the teams have 50-100 project members and the rest 

have more than 100 members. 

4.2. Reliability and validity analysis of the questionnaire 

Reliability is used to measure the consistency and stability of the questionnaire. If the testees use the same 

questionnaire many times and their test results still have consistency and stability, that means the 

questionnaire has high reliability. Cronbach's Alpha is one of the methods that can test the reliability 

which was proposed by Cronbach in 1951. It overcomes the faults of the split-half method and it is the 

most widely used method in social science research now. In general cases, Cronbach's Alpha above 0.6 is 

considered to have high reliability. It is confirmed by Nunnally‘s conception in 1978. This study uses 

Cronbach's Alpha to test reliability. The Cronbach's Alpha of project schedule, project risk, personnel 

management and communication management is 0.749, 0.743, 0.757 and 0.765. They are all bigger than 

0.6. It means that the reliability of the questionnaire is quite good. 

Validity is used to measure the accuracy and effectiveness. It is the degree  to which the questionnaire 

can measure the variable exactly. If the test results match the contents of the investigation, it means that 

the validity of the study is high. Conversely, it means that the validity is low. There are three types of 

validity. They are content validity, criterion validity and construction validity. The project management 

performance measurement scale of our study takes the related literatures for reference. We revise the iron 

triangle project performance scale proposed by Meredith and Pinto and the project success scale proposed 

by Berssaneti. Then we use the questionnaire to do the pre-research and interview in a small range. After 

that we revise the questionnaire again. Therefore, the project management performance measurement 

scale of our study meets the requirement of content validity and criterion validity. We use the factor 

analysis to test the construction validity. We consider that the standard factor loading coefficient should be 

more than 0.5. If it is bigger than 0.7, it means that the validity is high (Chin, 1998). This study uses factor 

analysis in project schedule, project risk, personnel management and communication management. The 

factor loadings are all bigger than 0.5, which means that the questionnaire has strong explanatory ability 

and more than 50% cumulative interpretation rate. All in all, the questionnaire has good construction 

validity. 

4.3. Hypothesis test analysis 

This study uses SPSS19.0 to analyze the collected data. Table 1 lists the correlation coefficient, the 

average value and standard deviation. From it we can see that the field independent style has significant 

positive correlation with project schedule (r=.295, p<0.01) and project risk (r=0.124, p<0.01); the field 
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dependent style has significant positive correlation with personnel management (r=0.426, p<0.01) and 

communication management (r=0.182, p<0.01); the field independent style does not have significant 

positive correlation with personnel management (r=-0.501,p>0.05) and communication management 

(r=-0.423,p>0.05); the field dependent style does not have significant positive correlation with project 

schedule (r=-0.505, p>0.05) and project risk (r=-0.044,p>0.05). 

   First, we performed descriptive statistics to each variable through SPSS and calculated the average 

value and standard deviation of each variable; then we chose one variable as the dependent variable and 

the rest of the variables as the independent variable to do the stepwise regression analysis; and last we put 

all the descriptive statistics and regression results into Table 1 and got the correlation coefficient, average 

value and standard deviation of each variable.  

Table 1 The correlation coefficient, average value and standard deviation of each variable 

 

Through inspection, we find that the field independent style has significant positive correlation with 

project schedule and project risk; the field dependent style has significant positive correlation with 

personnel management and communication management; the field independent style does not have 

significant positive correlation with personnel management and communication management; and the 

field dependent style does not have significant positive correlation with project schedule and project risk. 

 1 2 3 4 5 6 7 8 9 10 11 12 

1.gender 1            

2.age 0.098 1           

3.working life 0.028 0.099 1          

4.project scale 0.032 -0.128 0.102 1         

5.management level -0.163* 0.059 
-0.27

2 
0.249 1        

6.project type -0.120 
0.643

** 

-0.01

0 

0.323

* 

-0.22

2 
1       

7.field independent style -0.276 0.019 0.023 
-0.02

3 

-0.02

5 

-0.00

7 
1      

8.field dependent style 
2.285*

* 
-0.635 

-0.73

8 

1.289

* 

-0.44

4 

-0.48

7 
-1.000 1     

9.project schedule 0.378* -0.174 
-0.46

1 

0.657

* 

-0.44

8 

-0.31

4 
0.295** -0.505 1    

10.project risk 
-0.384*

* 
0.282 

-0.26

8 

-0.30

1 

-0.05

9 
0.004 0.124** 0.044 -0.072 1   

11.peosonnel 

management 

-1.309*

* 
0.396 

-0.16

2 

-0.38

3 

-0.17

6 

-0.07

9 
-0.501 

0.426*

* 

-0.579*

* 

-0.704*

* 
1  

12.communication 

management 

-1.272*

* 
0.559 0.226 

-0.35

5 

0.34

5 
0.048 -0.423 

0.182*

* 
-0.251 -0.125 

0.762*

* 
1 

average value 1.28 2.25 2.28 2.23 2.10 2.28 0.50 0.50 3.62 3.82 3.40 3.42 

standard deviation 
0.454 1.052 0.993 0.945 0.77

5 

1.059 0.504 0.504 0.691 0.651 1.061 1.197 
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The study findings were in agreement with the original hypotheses, and all the hypotheses passed the 

inspection. 

5.  CONCLUSIONS AND SUGGESTIONS 

5.1. Research conclusions 

The project manager with field independent style has a significant positive influence on the performance 

of collaborative innovation project management. The field independent style of project managers has 

significant positive influence on project schedule and project risk control, and as a result, hypotheses Ha, 

H1 and H2 pass inspection, but H3 and H4 do not. the field dependent style of project managers has a 

significant positive influence on project management performance.The field dependent style has a 

significant positive influence on personnel management and communication management, and as a result, 

hypotheses Hb, H7, H8 pass inspection, but H5 and H6 do not. 

This study has introduced the field cognitive style theory for the first time to project management 

performance, filling in the blank of project management performance affected in the field of cognitive 

factors. And the experiential research method on field cognitive style has strong operability. In addition, 

through the analysis of the characteristics of collaborative innovation projects, the four indicators of 

project schedule, project risk, personnel management and communication management have been selected 

as collaborative innovation project management performance measurement variables. The study found 

that the four project management performance indicators can be roughly classified as reliable and efficient 

in two major categories, partly to simplify the classification of the project management performance, and 

to improve the scalability of the project management performance. In short, the research has provided 

theoretical guidance on performance improvement of project management and project success. 

5.2. Management suggestions 

Collaborative innovation projects have the characteristics of big project risk, uncertain  time frame, 

interdisciplinary and cross-cultural project personnel, various and complex stakeholders, etc. If you want 

to improve the performance of collaborative innovation project management, on the one hand, you must 

guarantee the reliability of the projects, and reduce the risk of the projects; on the other hand, you must 

improve the efficiency of the projects. Among them, the project time limit for a project and project risk 

are the key factors that influence the reliability of the project; project personnel management, project 

stakeholders‘ communication and coordination are the key factors that influence the efficiency of the 

project. Not easily affected by environment, field independent style project managers in the project 

process can fully take into account the uncertainty of the innovative project itself, and also judge and plan 

the project construction periods, setting up the project key milestone nodes, paying attention to the 

forecast and control project risk, to avert the project from outside interference of redundant information 
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and unexpected matters for the project, to ensure the project construction period and reduce the risk of the 

project, so they are more suitable for the management work of planning project time and controlling the 

project risk to guarantee the reliability of projects. Field dependent type project managers have a subtle 

cognition of the environment in the project process and can give full consideration to the environment 

influencing factors of collaborative innovation projects, be able to recognizethe relationship between the 

government, enterprises and academic research institutions, finance and other stakeholders and project 

personnel, and effectively guarantee the collaborative innovation projects. Therefore, they are more 

suitable for project management work of communication and coordination of multiple stakeholders, so as 

to improve the efficiency of the management. 

Project managers, according to their own cognitive style,  can achieve twice the result with half the effort 

to be mainly responsible for the management best suited to play to its strengths. At the same time, project 

managers should also be aware of the defects of their own cognitive style, and find an assistant or 

complementary type staff to assist them appropriately, so as to reduce project possible problems, 

improving project management performance and increasing the success rate of collaborative innovation 

projects. 

In short, whether a field dependent style or the independent style is in question, there is no one absolute 

good or bad, which has its own characteristics and advantages. A field independent style has strong 

cognitive ability and construction, and is more suitable for control and decision making for the project 

itself; whereas a field dependent style has many social skills, and is more suitable for personnel allocation 

and management, stakeholder communication and coordination. On the field cognitive style theory, the 

project managers should give full play to the advantages of their own cognitive style, make up for the 

defects of their own cognitive style, realize the perfect interaction between the project itself and their jobs 

to improve project management performance and safeguard the smooth progress of the project. At the 

same time, it can realize the individual value of the project manager, and provide a steady stream of power 

for short-term and long-term performance for collaborative innovation projects. 
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