Innovation: 
All we really need to know we didn’t learn in kindergarten?

Diana R. Rhoten

Social Science Research Council 

Nations everywhere have become once again focused on science and technology for development, with many now accentuating the importance of innovation. In the U.S., “innovation has become the watchword for our nation’s future. It is both a rallying cry and a challenge, one that is now touted by every sector of society—industry, academia, and government” (Bement, 2006). Beyond rhetorical buzzwords raising the profile of innovation, there is evidence of political strategies targeting its potential. As early as 1999, the National Science Board noted a need to revitalize a commitment to innovative research (NSB-00-39). In 2000, the former NSB Chair, warning the Committee on Science’s Subcommittee on Basic Research that “industry is increasingly dependent on the Federal government to support long term and high risk research at the same time that the Federal share of the U.S. R&D enterprise is declining.” By 2003, the NSB began discussing ways in which it could help NSF develop new and more effective approaches to reviewing and funding both multidisciplinary and innovative research that has the potential to transform disciplines (NSB, 2006). And, in the last year, Arden Bement (Director, National Science Foundation) stated that:  

… we are living and working in a new age of scientific and engineering discovery. The conduct of science has changed—thanks in part to new information and communications technologies. Combine this with sensors, satellites, and other observational tools that supply ever-burgeoning streams of observations and data, and we have turned science fiction into reality. Work at the frontiers of discovery has accelerated. … Science is also growing more complex, and the boundaries between disciplines are blurring. This naturally makes interdisciplinary and collaborative research the norm rather than the exception (Bement, 2005).

Federal-level imperatives to innovate science and technology thus seem to revolve around assumptions about the interdependencies of industry-government-academia (Etzkowitz and Leydesdorff, 1998) and the importance of interdisciplinarity. In fact, together they are often seen as necessary, if not sufficient, conditions of innovation. As Gordon Kingsley (2004) reminds us, however, while “… the goal of policy makers is to achieve transformation, the goal of participating organizations seems to be more instrumental, anchored in their own institutional goals and missions” (p. i). Applying this wisdom to the issue at hand, the success or failure of policies – like ideas – in pursuit of innovation is not an abstract probability but one embedded in the institutional contexts, organizational conditions, and interpersonal relations that ultimately embody. And, though the linear model of innovation
 is long dead in the science studies and policy communities (David, 1997), we lack analytic approaches that can adequately capture the dynamic co-evolution of scientific, technological and social systems and the interaction of individuals, organizations, and institutions that shape the iterative character of innovation.
In this essay I spend less time recounting what science studies has taught us about innovation to date and more time imagining what we might seek to learn going forward. I argue that gaps in our current knowledge about how cross-sectoral interactions and interdisciplinary  collaborations foster innovation are a result of the fact the field of science studies turned its attention away in the 1970s from institutional level analyses towards micro-ethnographic, culturally interpretive, and socially constructivist approaches, rather than looking to integrate them. As a result, we know more about how innovation plays out at the level of the individual, the single organization, or a single set of organizations (e.g., network) but less about how the conditions, processes, or implications of innovation compare, contrast, and collide across different organizational sites (e.g., university campuses or departments, industrial firms or laboratories), intellectual domains (e.g., life sciences, materials sciences), institutional regimes (e.g., public domain, commercially proprietary), and operational models (e.g., individual-to-individual collaboration, organization-to-organization collaboration).
Technoscience and innovation 

 
Earlier theories about the character and conduct of science believed that the practical payoffs and novel discoveries often thought to mark innovation were not predictable, that they came about primarily as a result of serendipity (e.g., Bush, 1945). It was also thought that the attention of policy discourses and the allocation of scientific resources should not be guided by the anticipation of or the expectation for innovation, but rather by the informed judgments of scientists about what constituted the most challenging and promising scientific questions. Under this mode of thinking, the idea of supporting scientific research with public monies and cumulating scientific findings in the public domain for the community to test and develop were considered the most effective steps toward fostering innovation and enabling its benefits (Merton, 1973; Nelson, 1993; 2004). Based on these theories, for much of the twentieth century, the financial structures, organizational arrangements, and the ideological commitments of scientists themselves preserved the loose boundary between Mertonian communal science and market commercial research in the U.S. (Guston and Keniston, 1994; Stokes 1997). This dynamic gave shape and substance to the conception of science as a public and common good and of scientific knowledge as the ‘source’ for downstream technological advancement and innovation.

Science has changed markedly in recent decades, however. Transformations in the subjects, institutional locations, incentives, and legal supports of scientific research have altered how science is practiced and how scientific knowledge is shared, particularly in the life science and information technology fields which have been the loci of many of these recent shifts. In these fields (and ever more again in materials science), universities—once home to the strongest claims of public domain science—have increasingly allied with commercial firms, bringing growing areas of the research enterprise into the competitive and proprietary knowledge economy (see various works by Jason Owen-Smith and/or Walter Powell). As a result, long-standing separations between commercial and non-commercial research cultures have blurred, and the dividing line between science and technology has faded. In the new world of technoscience, the republic of science – where historically scientists trade predominantly in reputation made possible by the free circulation and reproduction of research through publication – intermingles with the republic of technology – where firms trade primarily in proprietary knowledge produced for economic ends made transactable and appropriable by patents and other intellectual property tools (Dasgupta and David, 1994).  
The growing interdependencies of these once different and separate scientific and technical communities and the resulting opportunities for individual scientists and their institutional “rules of the game” (Nelson and Nelson, 2002) to intermingle raise implications that should cause us to rethink our view of innovation in the twenty-first century. Most significantly, while technical progress is clearly and strongly shaped by scientific progress, the conceptualization that ideas only flow “downstream” from the sphere of science to the domain of technology must be recast. 
This is not a particularly novel insight on my part but one that raises a number of critical questions regarding how the complex social organization of science and technology interact and overlap as well as co-evolve and co-produce as part of the innovation process (Murray, 2002). Only a few studies have really exemplified the more nuanced view of this “whirlpool” of, or overlap between, the production (science) and the application (technology) as mutually reinforcing and each shaping the other (Garud and Rappa, 1994; MacKenzie, 1992 in Murray, 2002). And, there have been few if any studies that truly explore the more multiplex nature of the interconnections between the scientific and technical communities. Yet, in light of the common understanding that institutions, organizations, and individuals of science and technology are ever more richly and deeply embedded in inter-sectoral and interdisciplinary collaborations, there exist a number of intriguing and unexplored issues essential to our rethinking, including that should be taken up in future work, including for example: What is the true extent of overlap between science and technology? What are the conditions and processes that shape their interaction and co-evolution? Which of these conditions or processes lead to successful innovation processes or products? How do institutional norms of the public domain commingle with norms of the patent economy and even newer norms of the “open source” community? How do these different valences of “openness” condition the ways scientists elaborate and innovate research? What evidence traces or better captures the multi-level and iterative nature of these interactions and innovations? Finally, how do these processes and outcomes vary across different disciplinary domains and/or organizational landscapes? Much attention has been given to studying innovation models in highly commercializable and patentable areas of research—such as, for example, biotechnology, artificial intelligence, and photonics/optics. However, far less attention has been paid to the dynamics of fields with low commercializable or patentable potential, or fields with much more routinized pathways for the commercialization of research. And, so too has little attention been given to considering how changes in patterns of science and technology may be affected by the social value rather than commercial potential of innovation in some fields. Consider that, traditionally, university settings explored arenas that industry did not pursue. But, today, it is not obvious where innovation for the public interest and social good may come in such areas as vaccines or low cost technologies. In some circumstances, new models of technoscience have fostered the development of first-to-the-world medicines and affordable communications technologies, but in other realms, such as renewable energy or cancer, widely available breakthroughs have not been common.  
Interdisciplinary collaboration and innovation 
There is a vast literature in the sociology modern science about how interdisciplinary research is and should be organized, (see, for example, Barmack and Wallen, 1986; Robertson, 1983), how scientists behave in interdisciplinary collaboration (see, for example, Crow, Levine and Nager, 1992; Qin et. al., 1997), and how such activities could be facilitated through better management (see, for example, Hurley, 1997; Sapienza, 1995). Literature in the sociology of science often discusses the role of interdisciplinary collaboration as antecedent conditions of discovery and innovation (see, for example, Gibbons et al., 1994; Hollingsworth and Hollingsworth, 2000). But empirical work is only beginning to examine how and where interdisciplinary collaboration transpires, when and why it produces exceptionally original or innovative results, and whether and how the nature or the structure of such collaboration might be institutionalized. 
Thus, while there is agreement in principle that interdisciplinary collaboration is a valuable antecedent condition to innovation, there is relative absence of explanatory – rather than simply descriptive – analyses (or meta-analyses for that matter) examining how collaborations of this kind actually lead to innovation in practice. The literature suggests three identifiable but intersecting antecedent conditions – organizational context, intragroup structure, and individual relations – that may influence the potential innovative success of collaborations but little empirical work can substantiate the power or generalizability of claims made around them. For example, on the one hand, rival ideas of disciplinary diversity are thought to enhance the innovation potential of collaboration. On the other, they are said to increase the functional distance
 that separates collaborators and reduces their technical overlap, thereby impairing their potential communication and integration. Thus, in this sense, the very strength of an interdisciplinary collaboration may also be its very undoing if a common vocabulary, a common understanding about means and purposes, and a foundation of reciprocal exchange, trust and respect are not formed. But, where is the empirical tipping point (so to speak)? What is the right balance of diversity and complementarity? Likewise, earlier research suggests that individuals are more likely to interact with others where gains are made in one’s cultural capital and are more likely to innovate when investments are made in constructive emotional conflict (see, for example, Collins, 1998). However, more recent research by De Dreu and Weingart (2003) found that the predicted positive relationship between emotional conflict and group performance on innovation did not hold up despite these existing narratives. What is the right amount of productive friction (Hagel and Seely Brown, 2005), and how does this vary across organizational, interrelational, and individual conditions? Can individual source analyses repeated over and over under different conditions lead to summative and generalizable conclusions about composition of collaboration and prediction of innovation? 
Measuring innovation 

Finally, just a quick word on assessing the presence or absence of innovation. Conceptually, the notion of innovation can refer to a new way of doing (process), or the result of a new way of doing (outcome), which solves a particular problem or leads to a number of smaller advances toward solving a particular, larger problem (Rosenberg, 1994 in Hollingsworth and Hollingsworth, 2000). For any process to be classified as innovative, it entails the introduction of a new or radical research idea, the development of a new or radical methodology, the application of a new or radical instrument or invention, or a new set of ideas and information that answer old research questions or raise new ones (Polanyi, 1966). For any scientific output to be considered an innovation, it must have an inherently practical component, it must confer intended benefit at a level beyond the individual scientist, and it must be new to the individuals or the organizations engaged in its development (West and Farr, 1990 in Anderson, De Dreu and Nijstad, 2004: 148). 

Standard approaches and indicators for measuring measure innovation most often center around patent, survey, and bibliometric analyses. The weaknesses of these approaches and indicators are well-known as are the difficulties in deriving alternative measures. So, while I don’t wish to revisit the vulnerabilities of these techniques, I do hope to raise the flag just a bit higher in the search for new ways to operationalize and capture the often intangible but impactful conceptual, intellectual, and social innovations that are identified in current definitions of innovation but which often go undiscovered in traditional analyses. For example, Paul Thagard (1992) argues that conceptual innovations in science are reflected in the use of new concepts, data, and methods to produce more coherent explanations. Likewise, Kiesler and Cummings (2005) identify new ideas and research tools as the major research outcomes to consider when measuring innovation. In this regard, especially important is the amalgamation of data, methods, and tools into new ensembles of research tools and technologies that open new spheres of research and/or change old research paths (Rheinberger, 1997; Hackett, 2005). Finally, innovation has implications for social transformations that may entail the development of new knowledge value collectives (Rogers and Bozeman, 2001), invisible colleges (Crane, 1972), and scientific/intellectual movements (Frickel and Gross, 2005). Neither patents nor papers will necessarily capture any of these phenomena? How can we capture them in neat ways that allow for explanatory and comparative analyses?  Innovation has been argued to restructure individual cognitions and directions, working group roles and practices, team structures and styles, etc, but we have little systematic data to demonstrate how, where, and when?
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� Where innovation is perceived to stem from a uni-directional flow of information from science into technology.


� Functional distance is a measure of both the epistemic differences as well as the cognitive boundaries between disciplines. The interdisciplinary practices literature identifies functional distance between disciplines that use different vocabularies, concepts, beliefs, methods, and modes of inquiry as the most significant factor affecting the type of knowledge transfer, conversion and integration that characterizes interdisciplinary collaboration (Rhoten 2003). 
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