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Abstract

This paper develops theoretical standpoints to investigate and analyse university
inventors and patenting activities. Although the studies on academic
entrepreneurship and university patenting have substantially increased, first there
have not been enough studies on individual inventors and second the current
theoretical studies are not eclectic enough to capture the different factors that
may explain university inventors patenting activities. The framework described
here addresses this need. To accomplish this we inductively derive several
factors from a substantial number of studies on university patenting and
entrepreneurship, and develop these factors into a tentative framework. It is our
hope that this framework is useful in future empirical research on university
patenting and provides a point of departure for scientists.
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1. Introduction

Universities have been and remain crucial generators of new knowledge, although other
kinds of organizations such as firms and research institutes are also increasingly engaged in
knowledge production. Universities are not only acknowledged as important organizations
for teaching and research; they are also expected to contribute to the development of
industrially relevant technologies in modern knowledge-based economies. While they have
long served as sources of knowledge, it has been argued that universities’ relations with
industry have intensified in recent years. Such argument has been supported by reference to
a number of important developments, some of which can be summarized as follows:

e Closer links between scientific developments (university research) and their outside
utilization  e.g.  important  technological  breakthroughs in  computing
(microprocessors), biotechnology (genetic engineering), molecular biology and
nanotechnology (Mowery et al. 2004) made faster utilization of university research in
industry;

e A general growth and relevance in the scientific and technical content of all types of
industrial production ( Mowery et al. 2001, 2004);

e A need for new sources of funding for academic research, due to budgetary
stringency or general declines in research funds at the universities (Geuna 2001;
Bercovitz and Feldman 20006);

e The US Congress’s passage in 1980 of the Bayh-Dole Act, providing incentives for
universities to patent scientific breakthroughs accomplished with federal funding
(Henderson et al. 1998; Etzkowitz et al. 2000).

e Increasing emphasis on government policies aimed at raising the economic returns
of publicly funded research by stimulating university-industry relations (Geuna 2001;
Mowery and Sampat 2004);

e The rise in the pool and mobility of scientists and engineers, with higher numbers of
scientists and engineers facilitating their movement between industrial and academic
employment (Almeida and Kogut 1999; Bercovitz and Feldman 2006; Crespi et al.
2007);

e The rise of venture capital, providing ready financing for academic start-up firms

dedicated to commercializing the results of university-based research (Rothaermel et
al. 2007);

These developments, among others, have attracted the increasing attention of
researchers and policy-makers around the world, especially in the US and Europe, for their
capacity to pave the way for the third task activities such as the inclusion of an economic
development mandate for universities in addition to their traditional missions of education
and research (Etzkowitz 1997; Rasmussen et al. 2006; Rothaermel et al. 2007). For instance,
university researchers and universities have been encouraged to embark upon collaborations
with private companies in the UK (Geuna 2001). Universities have also been urged to
become involved in technology transfer as a way of controlling their own destiny, i.e. in
order to continue their other missions and to retain their autonomy (Clark 1998).

University-Industry Technology Transfer (UITT) results from interactions between
various actors and organizations such as university administrations, university researchers,
research groups, private or public firms, technology transfer offices (TTOs), venture
capitalists, other financiers and diverse public sector actors. In the UITT process, these
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various actors play similar, different and ever-changing roles (Bercovitz and Feldman 2004;
Markman et al. 2005a). For instance, the process of university patenting includes initiation of
research projects, achievement of research results (inventions), invention disclosures to
TTOs for the evaluation of patentability, patent applications and attempts to utilize the
patent through licensing or spin-offs.

University researchers carry out the tasks of education, research and commercial
activities (third task) at universities. Despite their importance, the roles and the motivations
of university inventors have been relatively neglected topics of study. Most studies on
university-industry relations are focusing on selected elite universities, TTOs, patent
legislation, or technology transfer activities in specific sectors. There are only a few studies
focusing on university inventors. For instance, a group of studies underlined the importance
of institutions (patent legislation, policy wmechanisms) and organizations (T1Os, university
administration) in the patenting activities of scientists. Another group of studies revealed the
importance of individual factors such as entrepreneurial traits, age, experience, scientific backgronnd
for scientists to commercialize their research results.

Most of these studies are based on data (number of patents, spin-offs, licensing
revenues, etc.) available from TTOs or e.g. the Association of University Technology
Managers (AUTM). These official registers may fail to reflect the actual number of scientists
who are involved in commercialization and the actual amount of commercial activities since
many scientists may avoid disclosing their inventions to TTOs officially (Audretsch et al.
2005; Markman et al. 2005b; Thursby et al. 2006). As a result, official data take into account
only university-owned patents and may therefore underestimate the actual patenting activity
of scientists. Thursby et al. (2006) have shown that this phenomenon (firms owning patents
to university research) also occurs even in the post Bayh-Dole US, although at a relatively
lower frequency than in the European cases as shown by Meyer 2003a; Meyer et al. 2003 and
Meyer et al. 2005 and other similar subsequent studies.

On the other hand, broader approaches, e.g. the systems of innovation framework,
emerged out of interactive and evolutionary theories of innovation. This framework that
emphasizes the interconnectivity and relationships of various organizations and institutions
at different levels of analysis (i.e. national, regional and sectoral) has been under
development since the late 1980s (Freeman 1987; Perez and Freeman 1988; Lundvall 1992;
Nelson 1993; Freeman 1995; Metcalfe 1995; Breschi and Malerba 1997; Edquist 1997, 2004,
Freeman and Soete 1997; OECD 1997; Carlsson and Jacobsson 2000).! Edquist (2004: 183)
defined national systems of innovation as including all important economic, social, political,
organizational, institutional and other factors that influence the development, diffusion and
use of innovation. As a framework, innovation systems emphasizes that innovation does not
take place in isolation but in continuous interaction between actors (firms, universities,
government agencies as players) and within an institutional structure (in the sense of the
rules of the game) (Edquist 1997).

The triple helix model states that increasing linkages and interaction between university,
industry and government facilitate technology transfer from university to industry. In
addition to increasing linkages and interaction, this model argues that each actor assumes the
roles of the others (Etzkowitz and Leydesdorff 1997, 1998, 2000). Thus universities
increasingly perform entrepreneurial tasks such as commercializing research results,

' For an in-depth discussion on national systems of innovation, see Edquist (2004).
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patenting, licensing or forming spin-offs. Firms take on academic roles such as sharing
knowledge with one another and with universities (Etzkowitz et al. 2000). This model
assumes that such co-evolutionary transformations in the structures of the university and
firms will facilitate technology transfer. Universities and firms are still working quite
independently of each other. The interactions between universities and firms are therefore in
most cases encouraged by the governments, through new rules of the game, direct or
indirect financial assistance, or legislation such as the Bayh-Dole Act or equivalent legislation
adopted in several countries.

The systems of innovation and the triple helix perspectives have both emphasized the
increased interaction among university and industry (Nelson 2008) and the diversity in the
sources of knowledge. Although these analytical frameworks shed some light on the
changing roles of universities and firms, they have a limited potential for understanding the
roles of inventors per se. Instead they provide a larger picture of university-industry relations
and interactions for technological development. We therefore take one step further and
examine several key themes in the university-industry relations literature with a focus on
patenting in order to find different factors that may explain university researchers’ patenting
activities.

There have also been different views on how the commercial activities at universities
may affect university scientists and the nature of university research (see Feller 1990;
Gulbrandsen and Smeby 2005; Martin and Etzkowitz 2000). Authors with a pessimistic view
(Slaughter and Rhoades 1996; Geuna 2001; Nelson 2001; Geuna and Nesta 2000) are
concerned that over time, this might be detrimental to the academic commons (Hellstrom
2003) or the academic heartland (Clark 1998). Even when major contributions to industrial
growth and restructuring are desired, it is claimed that university researchers should
concentrate on teaching and on basic research (Rosenberg and Nelson 1994).

Authors with an optimistic view (Benner and Sandstrém 2000; Kleinman and Vallas
2001) have argued that the increasing collaboration between academic and corporate
research can lead to increased flexibility and autonomy for researchers. Or universities may
strengthen their traditional norms and their research and teaching activities as a second
academic revolution leads them into becoming entrepreneurial entities with closer and more
productive relationships with industry and the public sector (Etzkowitz 1983; Etzkowitz
1998, 2001, 2002, 2003; 2004; Clark 1998; Etzkowitz and Leydesdorff 2000; Shane 2003).
Instead of its being a question of either-or, successful universities and university researchers
manage to combine academic excellence with industrial contacts and/or entrepreneurial
contributions, according to Godin and Gingras (2000) and Van Looy et al. (2004).

The lack of studies on the role of university inventors is significant given the fact that
possible negative consequences of patenting on e.g. the scientific publications of scientists
have received a great deal of attention (Gray 2000). We suggest a shift in the unit of analysis
from universities to individuals. This shift may even be considered as another important
theoretical and methodological contribution to studies of UITT. A focus on individuals in
no way involves underestimating the importance of external factors such as TTOs or patent
legislation as well as research environment and groups for the patenting activities of
individual scientists. Therefore, we have also investigated the influence of external factors.

In addition to this scholarly debate, there has been an increasing policy interest in UITT,
accompanied by concern with increasing this kind of activity — especially in the forms of
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patenting, licensing and launching academic spin-off firms. At the European Union (EU)
level, it has been argued that the level of commercial activity at universities is relatively low
compared to the high levels of scientific performance and investment in research. This
perception is exacerbated somewhat by the impression that universities in the US have
performed much better in commercializing their research results due to the Bayh-Dole Act.
While many other factors also came into play in the upsurge of patenting and licensing in the
post-1980 period (Mowery et al. 2004, Mowery and Sampat 2004), the Bayh-Dole Act
improved the ability to move ideas from R&D into the marketplace and into business in the
US (Etzkowitz et al. 2000; Etzkowitz 2001, 2002). Despite sceptical views (see below), the
Bayh-Dole Act has been discussed as one of the important factors for the commercialization
of university research as well as for the institutionalization of technology transfer (i.e.
streamlining the procedures for patenting and licensing of patents developed as a result of
federally funded research) in US universities (cf. Bozeman 2000; Etzkowitz et al. 2000,
Thursby and Thursby 2000, 2001, 2002, 2003; Jensen and Thursby 2001; Thursby et al. 2001;
Henrekson 2002; Thursby and Kemp 2002; OECD 2003; Mowery et al. 2001; Mowery and
Ziedonis 2002; Siegel et al. 2003; Mowery et al. 2004).

Although university patenting occurred before 1980, it has increased sharply since then.
For instance, prior to 1981 fewer than 250 patents were issued to universities each year. In
contrast, slightly over a decade later, almost 1,600 patents were being issued each year (see
also Henderson et al. 1998; Shane 2004). Between 1993 and 2000, US universities were
granted some 20,000 patents. Over that period, some of these university patents generated
millions of dollars in licensing revenues and spurred the creation of over 3,000 new firms,
according to AUTM data (OECD 2003).” Studies have also shown that the patenting activity
at the universities was on the rise in general (see Hall 2005).

Many European countries, however, have had or used to have dual intellectual property
rights (IPR) systems. While ownership of IPR in the non-university sector (i.e. firms and
public research organizations) belongs to the organization, the university researchers have
had the right to retain the ownership rights title to patents (e.g. the teacher’s exception law in
Sweden). Inspired by the US legislation, some EU governments have initiated legislative
reforms (such reforms have been initiated widely in the EU states partly as a result of also
converging policies in the EU, not necessarily solely inspired by the US. Some have indeed
been inspired by the US Bayh-Dole, but that was only a minor driver compared to the EU
pressure) aimed at raising the economic returns of publicly financed research by stimulating
interaction between university and industry and focusing specifically on increasing
technology transfer to industry from universities (Geuna 2001). Although it was argued that
Bayh-Dole Act has not been designed to provide new sources of income for universities and
a only a few universities earn income (Mowery et al. 2004; Nelson 2006; Verspagen 2000); a
number of countries have passed legislation similar to the Bayh-Dole Act; and several other
countries are considering or discussing similar changes with the hope of financial benefits.

*The AUTM Licensing Survey 2002 reports that 569 new commercial products were
launched that year, 450 new companies were established (for a total of 4,320 since the
introduction of Bayh-Dole Act in 1980, of which 2,741 were still operating in 2002), running
royalties on product sales were $1.005 billion, and new licenses and options executed in 2002
increased 15.2% over 2002.
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In Germany, a decision has been taken to change the ownership of IPR within the
institutes of higher education by removing the exclusive ownership rights of researchers and
transferring those rights to the employing organizations, though researchers will retain rights
to receive two-thirds of any licensing or other income from their invention (AUTM 2003;
OECD 2003; Sellenthin 2006). Denmark introduced the Act on Inventions at Public
Research Organizations (PROs) in July 1999 (etfective as of 1 January 2000). This act grants
PROs (universities, hospitals) the title to employee inventions (Valentin and Jensen 20006). In
Norway, a new bill on the commercial exploitation of inventions went into effect in January
2003 (Iversen et al. 2007). Under certain conditions, it transfers the right to commercialize
an invention from researchers to the employing organization. In doing so, it has sought to
establish organizational ownership by universities of IPR to the results of research carried
out at universities.

In addition to institutional changes, there have been complementary efforts to establish
organizations like TTOs, science parks, and university-industry research centres over the
years in different countries — all with a view to accelerating and maximizing the returns from
publicly funded research, albeit with mixed success (Mowery 1998).

These policy measures are motivated not only by the arguments that these new
institutions and organizations can support and speed up the industrial exploitation of
academic research and that the financial returns from patenting may help to support research
and teaching at universities. In addition, these policies find support in declarations of a #hird
task for universities (Rosenberg and Nelson 1994; Lee 1996; Etzkowitz and Leydesdorff
1997, 2000; Branscomb et al. 1999; Etzkowitz et al. 2000), alongside their two traditional
tasks of teaching and research. Swedish universities, for instance, were given a third task in
the Higher Education Act in 1997. Besides education and research, universities are expected
to support economic and social development and play a greater role in explaining academia
to the broader public (Edquist 2004: 194; Brundenius et al. 2000).

Some scholars (Mowery et al. 2004; Mowery and Sampat 2004; Geuna and Nesta 20006;
Verspagen 20006) have criticized current policy initiatives towards greater enterprise in
academia, pointing out that justifications for these reforms (e.g. emulation of the Bayh-Dole
Act) are based largely on anecdotal evidence of successful licensing and spin-off activities at
a handful of elite US universities such as Columbia University, Stanford University and
Massachusetts Institute of Technology.

They have argued, for example, that even though there has been a rapid increase in
patenting activities by universities in the US since the passage of the Bayh-Dole Act in 1980,
increased patenting and licensing activities do not indicate that university research results
have been commercialized faster or more efficiently (Mowery et al. 2001). Mowery et al.
(2004) have also highlighted that the passage of the Bayh-Dole Act coincided with several
other developments that facilitate university patenting. The decisions of the US Supreme
Court affirming the validity of patent on life forms in 1980 as well as the significant advances
in biomedical research which had considerable potential for industrial uses. US universities
have also benefited from federal support for research during most of the post-1940 era. The
involvement of scientists in patenting or other quasi-commercial activities have also been
influenced by the unusual structure of the US university system. Mowery and his colleagues
(2004:57) described the decentralized system for funding of universities, administrative
autonomy and the need for external resources created strong incentives for universities to
pursue strong links with firms.
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These critics have also pointed to the lack of solid, empirical support for the argument
that patenting stimulates the transfer of university technology to industry, and to the
ambiguous nature of current empirical evidence for the long-term implications of the role of
universities. Though commercial activities are seen as potential sources of revenue for
universities, as well as sources of economic growth and job creation for the regions and
nations where they are located, not every university has generated revenues from licensing
patents. Mowery et al. (2004) have also pointed out that the even the licensing revenues of
such patent experienced universities were dominated by a very small number of block buster
inventions, most of which were in biomedical sector. They have concluded that a number of
developments in academic research, industry and policy thus combined to contribute to the
US universities’ patenting activities, and Bayh—Dole, while important, was not determinative.

In sum, the discussion above has shown that the literature on UITT still remains rather
fragmented. There has been increasing debate, concern and uncertainty about the roles that
universities will play in teaching, research and entreprencurial activities. Analyses and
perspectives differ not only with respect to the roles of universities, but also regarding which
kinds of institutions and organizations can best facilitate university patenting activities — as
well as the extent to which they should do so (see Mowery et al. 2004). Forecasts also
diverge between those who believe that the future of universities is under threat from
increasing pressure to engage in entrepreneurial activities (e.g. Slaughter and Leslie 1997) and
those who believe that such activities will bring new opportunities and autonomy to
universities (e.g. Etzkowitz 2000). Despite this fragmented picture, a number of countries
have initiated policies to increase university-industry relations with the aim of enhancing the
contributions of university research to innovation and economic growth. There have been
two main policy tools: (i) policies encouraging the formation of regional clusters, spin-offs
and science parks, incubators, techno parks, etc. around universities; and (if) policies aiming
to stimulate university patenting and licensing activities (Mowery and Sampat 2004: 225).

Several important themes have been studied within the broader area of research on
university-industry relations. The literature is quite fragmented and a substantial amount of
the work has been done in the last two decades. Literature reviews by Siegel and Phan
(2005), Phan and Siegel (2006) and Rothaermel et al. (2007) have provided a detailed
overview of the burgeoning literature on university-industry relations. These reviews have
shown that most of the current literature has emerged from the US context and mainly
discusses the Bayh-Dole Act and university TTOs in the US.

The reviews by Siegel and Phan (2005) and Phan and Siegel (2006) have focused chiefly
on synthesizing the current literature on university technology transfer. They examined the
objectives and cultures of the three key stakeholders in university technology transfer:
scientists, university administrators, and TTOs, firms and entrepreneurs. They found
differences among the objectives, motives and cultures of these main actors. They also
showed the potential importance of organizational factors and institutional policies in
effective university management of intellectual property. They concluded that most of the
studies of the relative performance of technology transfer have explored the importance of
institutional and managerial practices.
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Phan (2005) and Phan and Siegel (2000) classified and reviewed the literature on UI'TT in
three principal areas:” (i) research on the effectiveness of patenting and licensing and roles of
technology transfer organizations (e.g. papers that focus on TTOs and the Bayh-Dole Act as
the main units of analysis); (ii) research on the effectiveness of science parks to stimulate and
support entrepreneurial activities at universities; and (iii) research on the formation of start-
ups and ventures.

The key message that Phan and Siegel derived from their literature reviews is that
university technology transfer should be considered from a strategic perspective. Institutions
and organizations need to address skill deficiencies in TTOs and also need to design reward
systems that are consistent with enhanced entrepreneurial activity and to provide education
and training for researchers relating to interactions with entrepreneurs. Business schools at
these universities can play a major role in addressing these skill and educational deficiencies
through the delivery of targeted programmes for technology licensing officers and members
of the campus community wishing to launch start-up firms.

The more recent study by Rothaermel et al. (2007) highlighted that there have been 173
published articles within the last two decades on the broadly defined topic of university
entrepreneurship. University entrepreneurship refers to any published research pertaining to
entrepreneurial activities in which a university could be involved, including but not limited to
patenting, licensing and the creation of new ventures or the facilitation of technology
transfer through incubators and science parks, thereby contributing to regional economic
development. Rothaermel et al. have highlighted four major research streams emerging in
this area of study: (i) entreprencurial research university, (i) productivity of TTOs, (iif) new
firm creation, and (iv) environmental contexts, including networks of innovation.

The first key message that Rothaermel et al. (2007) derived from their literature review is
that for an emerging field, the vast majority of the articles (71 per cent or 122 articles) are
more or less atheoretical, focusing mainly on the description of the phenomena and/or
testing casually observed relationships without invoking any discernible deductive logic.
Most of the articles highlight specific knowledge characteristics (e.g. tacit versus explicit) and
how different types of knowledge affect the technology transfer process. Second, the
literature review showed that universities are the main units of analysis in more than half of
the studies. The second largest segment of studies used the firm level as the unit of analysis,
followed by studies on TTOs, science parks and incubators, while research on individuals as
units of analysis was quite limited. Studies on individuals focused mainly on academic
entrepreneurs and examined the roles of scientists in venture creations. Some studies on
individual scientists focused on the possible negative consequences of commercialization and
university-industry relations on scientists.

’ Within the scope of this paper, we will not go into the details of the specific themes
mentioned in these studies. These studies show that despite the burgeoning literature on
university-industry relations on different units and levels of analysis, university inventors are
not a major theme and thus require further research. In another in-depth literature review on
technology transfer mechanisms: spin-off formation and patenting and licensing it is also
found that institutions and organizations to be the main focus for the majority of studies,
while individuals were relatively less investigated (Goktepe 2004).
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As seen from this discussion of recent extensive literature reviews, research on wuiversity
inventors has not been a major topic, neither in the broader frameworks such as systems of
innovation or triple helix nor even in more specific studies on UITT.

On the other hand, another group of studies has investigated academic entrepreneurship.
These studies have focused on a few themes like the characteristics of the scientists (human
capital aspects); the environment surrounding the scientists, the role of scientists (social or
human capital) in the new ventures created and the process of new venture creation (see
Zucker et al. 1998; Zucker et al. 2001; Murray 2004; Shane 2003). They have referred to
financial incentives and support provided by institutions and organizations to explain the
entrepreneurial activities of researchers.

In this work we therefore suggest a shift in the unit of analysis from universities,
institutions and organizations and entrepreneurs to individual inventors. The focus on
individuals should not, however, be interpreted as underestimating the roles of institutions
and organizations and research groups. This approach may even be considered an important
theoretical and methodological contribution to studies of UITT by studying individuals and
their environment together.

This paper proceeds as follows. After a brief overview of the key themes in the