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1.0 Introduction

The importance of the university-industry relationship on knowledge dissemination has received considerable attention over recent decades (Blumenthal, et al. 1996; Dosi 2000; Pavitt 1997).  There has been an increasing recognition of the fundamental role of university-initiated knowledge and innovation in fostering economic growth, technological performance, and international competitiveness.  Growing awareness of open innovation as a paradigm shift (Chesbrough 2003) has fueled scholars’ interest on how technological knowledge transfers from universities into the commercial organization, and then how this knowledge is utilized in the firm-oriented research and development processes (Ancona, et al. 2002; Reid and de Brentani 2004).  

This process of disseminating knowledge and technology from academia to industry has received limited focus in the innovation literature.  Little is reported in the innovation literature about the role boundary spanners play in disseminating into organizations those innovations and technologies originating externally in university-sponsored research centers.  In this paper, we report on an ongoing research project examining the interactions between boundary spanners from industry with research scientists from academia as part of a series of National Science Foundation supported Nanosciences Center workshops.  This is an interesting case study given the diversity of researchers involved in the nanosciences.  

2.0   Background – Nanosciences Centers

The United States of America is engaged in a fierce and global race to maintain its world-leading economic position.  In their quest to be competitive, firms are reaching further and further upstream to nascent technologies, such as nanotechnologies, that are still largely the domain of science.  Winners in the race will be those companies who are first to “connect” nanotechnologies with needs of the market by providing direction, justification and acceleration to the commercialization of nanotechnologies.   
Nanotechnology research is highly interdisciplinary, requiring inputs from a wide range of scientific fields including biology, chemistry, physics, material sciences and engineering.  The term ‘nanotechnology’ itself is a relative term describing the scale in which research and technology is developed at the atomic, molecular or macromolecular level in approximately the 1-100nm range (Bonaccorsi and Thomas 2007) and does not define a field of science.  Currently, nanosciences are new and complex enough that scientists are the key knowledge bearers and, therefore, are the most likely source for finding breakthrough ideas.  However, scientists are not inherently technology champions.  
Since about the 1980s, the culture and attitude of university research centers and research faculty has been one in which it is the responsibility of university-sponsored technology transfer offices to discern ‘business opportunities’ upon which to act upon with interested industry participants.  The major cue for industry that opportunities exist is the emergence of a body of research literature, such as publications, conference proceedings and other formal reports.  So the role of the individual research scientist is to disseminate their findings through these vehicles – not to act as the boundary spanner.  In examining the efficacy of these traditional methods, in the context of the limited responsibility being assumed by the individual, it is important to recognize the critical role of the industry participants as well as university-associated scientists.  

3.0  Knowledge Transfer through Boundary Spanners

In this model, the boundary interface is a point of interaction at which a boundary-spanning individual interfaces with its environment (Reid and de Brentani 2004).  It is in the very early front end of new product development that individual decision-making is the primary mechanism for advancing the NPD process, while later in the process, organizational decision-making takes precedent.  The individual within the organization takes on an external contact role and is responsible for organizational-level involvement in a technology network which can involve both universities and firms interested in similar research endeavors.  In the case of discontinuous innovations such as nanotechnologies, Reid and de Brentani (2004) propose that “it is the individual’s ability to make a distinction regarding an unaddressed market need or a new technology path…that is the starting point for building new organizational knowledge” (pg 179).  It is these boundary spanning individuals and  their method of communications and miscommunications with each other that we explore in this study. 

4.0 Propositions


Reid and de Brentani (2004) developed a model of information flow for discontinuous innovations that show the role of boundary spanners in knowledge transfer (Figure 1).  They note that the individual contributions of champions, boundary spanners and gatekeepers are important for the fuzzy front end of new product development (NPD), and particularly so for discontinuous innovations.  Using the Reid and de Brentani framework, we examine the role of boundary spanners, both university faculty and industry scientists, in the dissemination of knowledge in the nanosciences and nanotechnology.  In this abstract, we very briefly describe our propositions that were tested.
4.1 Role of Social Networks in Boundary Spanning

Cockburn and Henderson (1998 ) report that if firms are to be optimally productive, they need to be active participants in the in joint research with universities and other public sectors.  Thus, we propose that:
P1.  Social networks are important in boundary spanning in the diffusion of university originating technology, particularly the nanosciences.

4.2 Role of Boundary Objects in Boundary Spanning

The complexities of nanotechnology can not easily be disseminated through boundary objects such as publications and conference proceedings, thus, we suggest that:
P2:  In the diffusion of university originating technology, particularly the nanosciences, social networks have a higher impact in knowledge transfer than do boundary objects.  

4.3 
Strong vs. Weak Ties in the Nanosciences

The different disciplines conducting research in the nanosciences realm, with different knowledge bases, may have a difficult time finding a common ground in which to further develop research and development in a different scientific strain of nanotechnology.  Thus we propose that:
P3:  Strong ties are more effective than weak ties in knowledge dissemination in the diffusion of university originating technology, particularly in the nanosciences.

4.4  Goal Incongruency in the Nanosciences

For many industries, stakeholder accountability (i.e., to shareholders, upper management, employees, etc.) drives strategic decisions as opposed to general social responsibility for the greater public good, which prevails at the university level.  Thus we propose that:
P4:  The two-culture problem leads to a slowing of diffusion of knowledge between academia and industry, particularly in the nanosciences.
5.0 Preliminary findings 

The results of interviews with 12 university-based scientists at a Research I institution based in the Boston area and with 17 industry participants from industries currently using nanotechnologies in their manufacturing processes also from New England are reported in this paper.  Each respondent participated in a NSF sponsored workshop on “Connecting Upstream Science to Market Needs.”  Thus, by attending the workshop each was involved with boundary spanning.  Major areas of inquiry were:  What is the goal of meeting with each other?  How do industry participants establish contacts with university researchers and visa-versa?  What research methods and goals are valued by the home organization?  What barriers exist?  What are key issues?  What boundary spanning object are utilized?  How do the boundary spanners use the information they get from the scientists?  

We found that strong alumni connections are a primary bridge for university researchers to work with industry researchers.  This phenomenon was cited by both industry participants and university participants.  This finding lends support for our first proposition that social networks are important in boundary spanning in the nanosciences.  

No support was found for proposition 2 that network ties were more important than boundary objects for transferring knowledge.  Boundary objects were used as due diligence by boundary spanners to acquaint themselves with the expertise of university/industry partners and to determine if there were any synergies between the two entities.  Boundary objects most frequently used to conduct due diligence were the internet, patents, academic publications, white papers, conference proceedings/attendance and industry consortium meetings.  

Partial support was found for proposition 3 that strong ties are more important than weak ties.  Researchers were more likely to develop relationships with those people they already knew and tended to discount researchers they did not know.  One respondent reports, “It’s not the university – it’s the one-on-one relationship with the specific people.  I play the boundary spanner, but at the end of the day I have to turn it around and get the scientists involved between the organizations.”  
Also related to proposition 3, geographic locality was found to play a significant role in facilitating the use of weak ties in boundary spanning.  Industry boundary spanners were more likely to develop relationships with universities that were geographically local to them.  Using detailed data on the California biotechnology industry, Zucker et al., (1998) found that the positive impact of research universities on nearby firms relates to market exchanges between particular university star scientists and firms and not to generalized knowledge spillovers.  This is consistent with our findings.    

We found significant support for proposition 4 which stated that the ‘two culture’ problem would slow the diffusion of knowledge between universities and industry.   The most commonly cited problem among both university and industry workshop participants was management of intellectual property.  University participants also reported not valuing industry contacts.  They felt these relationships rarely resulted in funding opportunities and required the researcher to take time off from their ‘job’, researching, in order to host an industry representative.  Thus, they relied more on existing relationships formed through previous connections such as graduate school peers or conference attendees.  Industry participants were also frustrated by the slow pace of university research and lack of university scientist’s sensitivity to commercialization potential of products.  “I find that about 2 out of 10 faculty (sic) are interested in moving toward commercialization,” replied one industry participant.  Thus, despite the best efforts of technology transfer departments, the two-culture problem is very real and continues to significantly slow the diffusion of knowledge from nano Centers into industry.  
8.0 Future Research 

We have described a major process of creating value from discovery science emerging at national nanosciences research centers via the tenuous step in which industry boundary spanners identify potential business opportunities in the emerging science (see figure 1).  In the next round of interviews we will also begin to get an understanding of the network structures between workshop participants.  Reagans and McEvily (2003) report finding that both social cohesion and network range ease knowledge transfer, over and above the effect for the strength of the tie between two people.  Using sociometric techniques we will map the network structure of workshop participants and then monitor these ties over to time to see how they develop pre and post workshop.  This will help us to provide quantitative analyses to our propositions regarding strength of ties.  
This research was funded by NSF 04-556 Partners for Innovation Program,  “National Partnership for Managing Upstream Innovation: The Case of Nanoscience and Technology.”  
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Figure 1. Open Innovation and Boundary Spanning
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