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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 programôs 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 benefi ts 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 Foundationôs (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 

ñaccelerate the innovation process by partnering industry-relevant academic research with 

commercialization focused small business researchò 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 ñexperimentò. 

Most ñsupplemental fundingò 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 ï 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 dif ferent stages 

of the innovation ecosystem (e.g., pre-competiti ve 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 li terature on combinatorial innovation focuses on hard technology, observers have 

concluded that synergistic combinatorial processes, what Einstein labeled ñcombinatorial playò, 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: 

ñScientists, 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 combinationò (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 dif ferent 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 NSFôs 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 firmôs 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 respondentsô 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 fir ms 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 NSFôs 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 confl icts 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 ñsoftò benefits that 

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

this is not the case ï 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 benefi ts for SBIR/STTR I/UCRC members 

Networking and human capital benefits of I/UCRC 

membership reported by SBIR/STTR firms 

Percentage of fi rms 

reporting benefi ts 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 govôt 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 firmôs 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 facil ities 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 firmôs 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 fi rms 

reporting benefi ts 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 centerôs research 56% 5% 

Use centerôs equipment or facilities that your firm would not 

otherwise have access to 

43% 7% 

Initiate new lines of research internally due to centerôs 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 benefi ts for SBIR/STTR I/UCRC members 

Commercialization benefits of I/UCRC membership 

reported by SBIR/STTR firms 

Percentage of fi rms reporting 

benefi ts 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 centerôs 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% 

Identifi ed 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 commerciali zation 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 ñnegativesò 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, li ke 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 diffi cult 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: ñI would tell 

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

advantage.ò 

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 li ke 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 

ñaccelerate the innovation process by partnering industry-relevant academic research with 

commercialization focused small business researchò 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 
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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/STTRôs 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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government enterprise technology problems: industrial policy implementation is not in place, the lack 
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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, ña pilot grant for using effective low(control)-releasing 

fertilizerò 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 ñindustry- university- research 

institutionò, ñoverseas- internalò and òupstream- downstreamò. Kingenta increases the impact and 

momentum of R&D through its association of ñindustry- university- research institutionò, 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 ñinnovate in agricultural scienceò, 

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 farmersô 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 Brazil ian 

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 research̀s 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 li terature 

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 Zealand̀s 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 partnersô behavior and have influence over the behavior of other 

partners, such as commitment, communication, trust, confli ct 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 

Partnersô Reputation 

Objectives clearly defined 

Relationship`s Institutionalization (rules, politi cs, procedures, legal issues 

and well-defined administrative procedures) 

 

 

 

Organizational 

Commitment 

Communication 

High level of reliabili ty 

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 identif ied in the study described above were also 

confirmed on this study, but some other factors are included, such as communication and confli ct`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 studỳ 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 flexibili ty (company); 

- Rights of intellectual property and confidentiali ty. 

 

 

 

 

 

 

 

Partners Issues 

 

 

 

 

PARTNER 

EVALUATION 

-Cultural compatibili ty/operating mode; 

- Mutual understanding; 

- Expertise and complementary strengths; 

- Collaboration partners in the past; 

- High quali ty 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; 

-Responsibil ities clearly defined; 

- Plans of projects mutuall y agreed; 

- Realistic objectives; 

- Adequate resources; 

- Defined project`s Milestones; 

- Simple collaborative agreements; 

- Regular monitoring of progress; 

- Effective communication; 

- Insured employeesô deliveries. 

  

WARRANTY OF 

EQUALITY 

- Mutual benefit; 

- Equal power/dependence; 

- Equali ty of contribution. 

EXTERNAL 

INFLUENCES 

- Market needs; 

- Corporate stabili ty. 
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Universal Success Factors 

- Mutual trust; 

- Commitment; 

- Flexibili ty; 

- 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 equali ty (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 companỳs flexibility (issues of cultural difference). 

Besides these, there was a missing CSF considered influential, the CSF learning - utili zation. 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     

Responsibiliti es clearly defined     

Plans of Projects mutuall y 

agreed 

    

Realistic Objectives     

Adequate resources     

Defined project`s Milestones     

Simple collaborative 

agreements 

    

Regular monitoring of progress     

Effective communication     

Insured employees̀  deliveries     

  

Equali ty for the 

parties guaranteed 

Mutual benefit     

Equal power/dependence     

Equali ty of contribution     

External influences Market needs     

Corporative stabili ty     

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: confli ct 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 research̀ 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 UïC 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 exempli fy, 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 responsibil ities 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 UïC 

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. 

 

Responsibiliti es Clearly 

defined 

Clearly define who does what in 

project execution, especially by 

the company and the university. 

Be clear about the responsibil ity 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 facilit ate 

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 facilit ate 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 responsibiliti es of 

the parties in the project. 

Score, define and clarify the objectives 

and responsibiliti es 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. 

Facilit ate 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, facilit ating the conduct of 

activities and responsibiliti es 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  

Responsibiliti es 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 diff iculty. 

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 all y. 

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 utili zed. 

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, 

MONTOROïSANCHEZ 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 necessaril y 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. 

óMore similar wordsô 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 óprobioticsô is 

used in one text for five times, the word óprobioticsô is also used in another text for five times. There 

are no language differences in the two texts aiming at the word óprobioticsô. 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 óChina IRCô had core concept that ótechnology 

supplyô should be driven by ótechnology demandô, each ótechnology demand specificationô in the 

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

ótechnology supply specificationô produced over the same period on the basis.   

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

Importance of a word óTiô can be expressed as follows aiming at óTiô in a technology demand 

specification óDjô: 

ÔÆȟ
ȟ

В ȟ
  (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 óatô, óitô and ócompanyô 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.  

ÔÆÉÄÆȟ ÔÆȟ ÉÄÆ          ̂2̃ 

(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 óDaô is one of the demand specification, óDaô can be expressed into a 

high-dimensional vector [Da1, Da2, Da3, Da4éDan] 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, Db4éDbn̷. The distance between 

high-dimensional vector [Da1, Da2, Da3, Da4éDan] and high-dimensional vector ̵ Db1, Db2, Db3, 

Db4éDbn̷can be expressed with cosine value V (Dab).6$ÁÂ ÃÏÓʃ
Ͻ

ȿ ȿȿ ȿ
  (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) = [6$Á̃+ 6$Ẫ + 6$Ã̃+é+6$Î/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) = [63Á̃+ 63Ẫ+ 63Ã̃é+63Î /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 valueô 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 óstandard deviationô of each industry for measuring stability of the selected 

sample, namely the deviation degree of the selected sample value from óarithmetic average valueô. 

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

difference and óaverage numerical valueô in the industry is smaller, and sample stability is higher, 

óaverage numerical valueô 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 óChina water pollution control and prevention industryô, 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  li terature, 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 

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

universitiesô 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 universitiesô 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 Stokeôs (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- Stokeôs (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 Stokeôs (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 Bushôs 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 frameworkôs 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 Jeffersonôs 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 practicali ty 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 Pasteurôs quadrant, the third quadrant represents the óhybridô 

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, Stokeôs 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, DôEste 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 

universitiesô 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 researchersô 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 scientistsô 

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, ñpaying excessive attention to blockbuster 

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

R&D pantryôò (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 Stokeôs 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 Stokeôs 

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 

Stokeôs 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, Nagaokaôs paper adopts Stokeôs quadrant model to 

address the researchersô motivations behind initiating research projects. Replicating Stokeôs 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 researchersô 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 Stokeôs argument for a 

two-dimensional conceptual plane in analysing research orientation. 

While Nagaokaôs approach concentrated on the study of research motivations, Babaôs 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 Babaôs 

paper concentrating on the researchersô 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 Stokeôs 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 researchersô 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 Stokeôs 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 Nagaokaôs 

approach of studying research orientation through self-reported research motivations, Babaôs 

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 Stokeôs 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 Stokeôs 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 Stokeôs quadrant model, nature 

and direction of researchersô scientific performance will likely differ as well. Given Pasteur and Edison- 

type researchersô 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 li terature 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  li kely 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 li kely 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 insignif icant. 

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 Stokeôs 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 researchersô backgrounds and UILs such as invention disclosures 

and industry research collaboration agreement (RCA) was similarly obtained from theonline survey. 

Researchersô 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 utili ze 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 researchersô 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 

= ɓ0 + ɓ1 Pasteur-Motivatio + ɓ2 Edison-Motivation + ɓ3 Pasteur-Outcome + ɓ4 Edison-Outcome 

+ ɓj  (control variables) +  

b) Technology-based University Industry Collaborations, UIL tech 

= ɓ0 + ɓ1 Pasteur-Motivation + ɓ2 Edison-Motivation + ɓ3 Pasteur-Outcome + ɓ4 Edison-Outcome 
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+ ɓj (control variables) +  

c) Research-based University Industry  Collaborations, UIL  res 

= ɓ0 + ɓ1 Pasteur-Motivation + ɓ2 Edison-Motivation + ɓ3 Pasteur-Outcome + ɓ4 Edison-Outcome 

+ ɓj (control variables) +  

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 utili zed 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 utili zed 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 Stokeôs 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 Pasteurôs quadrant. The Edisonôs quadrant is made up of 

researchers who placed the greatest importance in ñsolving specific issues in a real world contextò only 

while the Bohrôs quadrant consists of researchers where only ñpursuit of fundamental principles/ 

understandingò is very important. Those who do not fall under any of the categories are grouped under 

the ñOthers quadrantò. 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 researchersô track record in publications and patenting. More specifically, 

researchers were allocated into the Stokeôs 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 Pasteurôs 

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 researchersô 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 li ke 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 researchersô 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, dif ferences 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 ñOthersò 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 researchersô 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 classifi cation 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. 

Dif ferences 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 óBohrô and óOthersô 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 coeffi cient 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 ï 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 signifi cant, 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 fi t, 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 

signifi cant (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 dif ferently: 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 Stokeôs 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 Stokeôs 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 

Stokeôs quadrant, does have a relation with UILs after controlling for the effects of researchersô 

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 universitiesô 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 Stokeôs 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 universitiesô 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 universitiesô 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 Stokeôs quadrant model. As with the case for policy-makers, our 

results suggest that in addition to promoting policies that encourage universitiesô 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 Stokeôs portrayal of the Pasteurôs 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 

researchersô 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 possibil ities 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: Stokeôs Quadrant model of Scientific Research 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Framework for Research Question & Testable Hypothesis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1: Motivation-Orientation: Classifi cation of Researchers in the Stokeôs 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 Stokeôs Quadrant model 

Researchersô 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 li censing 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-li censing 

 

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-li censing 

 

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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ABSTRACT̔ Universities perform an important role in the production, diffusion, and deployment of 

knowledge, which supports the innovation process. It provides the knowledge development and 

accumulation, going beyond education and human capital formation. Thus, universities may serve 

firms with the generated knowledge, becoming a source of solutions for innovation. In this sense, the 

model of industrial innovation enhances the role of university as an essential part of the innovation 

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 



 

 68 

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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