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Abstract

While science-based entrepreneurial firms are a key feature of the modern economy, our insights into their organization
and productivity remain limited. In particular, our understanding of the mechanisms through which academic inventors
shape entrepreneurial firms established to commercialize their scientific ideas is based upon a traditional perspective that
highlights the importance of human capital. Based on a study of biotechnology firms and their academic inventors, this paper
examines the extent and mechanisms through which academic scientists contribute not only human capital but also social
capital to entrepreneurial firms. The paper makes two contributions to our understanding of the academic—firm interface:
First, it establishes that the social capital of academic scientists is critical to firms because it can be transformed into scientific
networks that embed the firm in the scientific community through a variety of mechanisms. Second, the paper argues that
an academic inventor’s career plays a critical role in shaping his social capital, thus scientific careers mediate the networks
and potential for embeddedness that an academic inventor brings to a firm. Specifically, the foundations of an academic’s
social capital can be traced to two sources: The first element that the firm may leverage is the academiatslataly
network—a network to current and former students and advisors established by the inventor through his laboratory life. The
second form of social capital is a widegsmopolitan networkf colleagues and co-authors established through the social
patterns of collaboration, collegiality and competition that exemplify scientific careers. These findings suggest that scientific
careers are central in shaping an academic’s social capital which can be translated into critical scientific networks in which
entrepreneurial firms become embedded.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction into economic growth, employment and competitive
advantage. However, our insights into their organi-
Science-based entrepreneurial firms are a key fea-zation, scientific productivity, and competitiveness
ture of the modern knowledge economy, contributing remain limited. The prevailing view of the character-
to the development of regional high tech clusters and istics of these firms generally privileges firm-specific
the transformation of investments in basic science attributes or firm—scientist dyadic relationships based
on human capital Risano, 1990; Calabrese et al.,
" Tel.: +1-617-258-0628. 200Q Zucher, Darby and Brewster, 1998tuart et al.,
E-mail addressfmurray@mit.edu (F. Murray). 1999; Gittelman and Kogut, 2003; Shan et al., 1994
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Furthermore, in spite of their origins within aca- local laboratory network, which arises from partici-
demic science, the contribution of academic scientists pating in and running a laboratory, while the second is
to science-based firms and the mechanisms throughthe broader, cosmopolitan network of colleagues, col-
which their capital contribute to the shaping of the laborators and members of the invisible college again
firm remains largely unexamined (with the excep- built up through the practices and social structure of
tion of provocative work fromAudretsch, 200,land science throughout an inventor’s career.
Catherine et al., 200Q4In particular we have a limited This paper makes no comment about the perfor-
understanding of the mechanisms through which aca- mance implications of inventor involvement. Rather
demic inventors contribute social capital rather than this paper aims to establish the multiplex nature of
human capital to entrepreneurial firms. the contribution of the inventor—scientist to an en-
In this article | propose that in contrast to prevail- trepreneurial firm, and the origins of that contribution.
ing views that privilege human capital, an important The two central arguments of this paper are as follows:
and overlooked contribution of academic scientists to Firstly academic inventors contribute social capital, in
science-based firms is their social capital which may addition to human capital, that can be translated by
be translated by the firm into to the firm’s own sci- firms into embeddedness within scientific networks.
entific network. | establish this proposition through a Secondly, scientific careers play a critical role in es-
detailed field study of a small number of biotechnol- tablishing social capital and thus mediate a firm’s em-
ogy firms founded on the basis of academic science. beddedness within the scientific community. Taken to-
With the work of Granovetter (1973)Powell et al. gether, these arguments suggest that scientific careers
(1996)and others on social networks and networks of are a key factor shaping science-based firms because
innovation as a theoretical foundation, | argue that for they mediate the local and cosmopolitan social capital
science-based firms building on a foundation of aca- through which entrepreneurial firms become embed-
demic science, a simple dyadic view of the relation- ded in the scientific community.
ship between the firm and an academic scientist based
solely on the exchange of human capital should be re-
placed with a view that encompasses the exchange of2. Current debate and research questions
social capital. While the contribution of human cap-
ital is well characterized as arising through the ex- In examining the characteristics of science-based
change of tacit knowledge and individual reputation firms, scholars have moved from firm-specific charac-
(Zucher, Darby and Brewster, 1998tephan, 19961 teristics such as the internal scientific capabilities and
show that the exchange of social capital leads the firm alliances Henderson and Cockburn, 1994; Pisano,
to become embedded within the scientific community. 1990; Stuart et al., 1999to an understanding of
Specifically, the firm's embeddedness within a scien- the relationships that bridge the firm—university in-
tific network arises by translating the pre-existing so- terface. This focus underscores the origins of many
cial capital (specifically the social network) of the aca- biotechnology firms within the academic community
demic inventor into the firm’s own series of network and the critical importance of basic scientific ideas

relationships.
Following the tradition of scholarship on boundary-
spanning individuals and brokerallen, 1984; Burt,

for the founding and on-going development of the
firm (Kenney, 1986; McMillan et al., 2000Studies
have identified a number of important relationships,

1992; Tushman and Scanlan, 198%klso examine the  in particular publishing across the boundaries and
factors that shape an academic scientist’s social capi-alliances with university laboratorieZ{cher, Darby

tal, specifically that social capital which has the most and Brewster, 1998Powell et al., 1996; Gittelman,
significant impact on firm embeddedness. Following 2001; Liebeskind et al., 1996Indeed, the notion
Bozeman et al. (2001) argue that scientific careers of “entrepreneurial science” is now widespread, and
play a critical role in shaping social capital as well describes the emergence and widespread adoption
as human capital. My empirical insights suggest that of a new set of norms within the academic estab-
two elements of social capital can be translated by the lishment and among many (although not all) sci-
firm into embeddedness: The first is the academic’s entists Etzkowitz, 1998; Owen-Smith and Powell,
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2001h. Although entrepreneurial activities by scien-
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While these studies have highlighted quite dis-

tists can be traced back at least to the 19th century, tinctive contributions of the scientist across a dyadic

the complex university—firm networks we know to-
day really took shape in the mid-19808t£kowitz,
1983; Powell et al., 1996 The precise nature of this

firm—scientist relationship, the human capital perspec-
tive ignores the importance of a scientist’s social cap-
ital. Recent studies by Bozeman and oth&szeman

inter-connection has been noted to span the rangeet al., 200} highlight the importance of social cap-
from limited interaction, through extensive research ital as a critical resource established by academic
collaboration at formal and informal levels, to scien- scientists throughout their careers. This raises the
tists as fully-fledge entrepreneurial foundektugray, possibility that the entire multiplex firm—scientist re-
2002; Owen-Smith and Powell, 2001a; Roberts and lationship may encompass the exchange or translation
Hauptman, 1987; Werth, 1997 of a scientist’'s social capital (or social network) in
One important firm—university relationship that addition to their human capital. The potential for com-
has received little attention is the relationship that plex networks of innovation to shape science-based
may exist between the academic inventor and the en-firms is highlighted byMcKelvey (1996)and Powell
trepreneurial firm founded to translate the academic et al. (1996)who examine the firm’s position in a net-
inventor’s research into commercial returns. Current work of relationships to other firms and institutions.
literature on the relationship of entrepreneurial firms In other commercial and individual settings the work
to scientists emphasizes the importance of the ex- of Granovetter (1973and others highlights the im-
change of human capital. In particular, an academic portance of multiple webs of connectivity. Likewise,
inventor’'s human capital is identified as making two Uzzi (1997)describes firms in the garment district of
plausible contributions: transfer of tacit knowledge New York as embedded in an extensive series of so-
and signaling. In the literature on tacit knowledge cial exchange relationships rather than simple dyadic
transfer, it is widely recognized that knowledge that ties. This perspective raises the possibility that a

is complex can be hard to exchange and move amongfirm’s connection to an individual scientist may lead

different organizational setting®\inter, 1987%. Tra-
ditional arguments regarding a scientist’s contribution
to an entrepreneurial firm are focused on appro-
priable human capital, specifically technical capital
established through training and experientev{n
and Stephan, 1991; Stephan, 1p9Bccording to
Zucher, Darby and Brewster (1998he performance
of many early entrepreneurial biotechnology firms

was dependent upon a close relationship with certain

star scientists because they held the “key” to tacit
knowledge that was otherwise hard to transfer to the
firm. Likewise Agrawal (2002)finds a relationship
between inventor involvement and the performance
of licenses and attributes this to effective tacit knowl-
edge exchange. According to alternative theories
consistent with signaling mechanisms, the role of a
well-respected scientist that is affiliated with a firm is
rather to signal the quality of the underlying science.
This signal helps to overcome the challenges that in-
vestors might have in trying to establish the veracity
and quality of the complex and highly specialized

scientific ideas that are presented as investment op-

portunities by scientists and entrepreneuysdretsch
and Stephan, 1996

a scientist to contribute social capital and a means of
establishing the embeddedness of the entrepreneurial
firm within the scientific network. The perspective
leads to the first research question addressed in this
paper:To what extent does an academic scientist con-
tribute not only human but social capital to a firm
and how does this social capital contribute to the
embeddedness of the entrepreneurial firm?

The possibility that a scientist may contribute not
only human capital but also social capital raises the
issue of what elements of social capital are most po-
tentially useful to the firm and what are their origins.
In arenas other than science, individuals who are able
to form bridges either for themselves or their organi-
zation into other domains, social networks and func-
tional areas are broker8(rt, 1992, 200por bound-
ary spannersAllen, 1984; Tushman, 1977; Tushman
and Scanlan, 1981For such individuals the literature
suggests that their ability to provide social capital and
connections into distinctive networks is mediated by a
range of factors of which careers seem to be of partic-
ular salience; notably their education, professional ac-
tivities, and experience within an organization. In the
scientific community, academic scientific careers have
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complex characteristics through which scientists may sub-field of tissue engineering and traced out the sci-
establish social capital in networks of collaboration entific and commercial networks surrounding the idea
in the one handHriedkin, 1978 but on the other re-  (Murray, 2002. The current work is a follow-up study
main somewhat bounded within distinctive epistemic that takes an inventor—firm oriented perspective. The
cultures Knorr Cetina, 1999 Recent scholarship in  research reported here is primarily based on an anal-
science policy suggests that at least in the purely sci- ysis of interviews with the founders and inventors of
entific setting, the complex career trajectory facili- these firms.
tates the build up of capital that encompasses more Regenerative medicine firms have typically been
than know-how and tacit knowledge. Rather, scientists founded on the basis of a particular scientific idea with
accumulate experience in distinctive institutional set- one or several potential therapeutic applications, rang-
tings, and in addition build social capitaBgzeman ing from spinal cord injury and other diseases of the
et al., 200). | propose that this approach provides a central nervous system, to liver failure, diabetes and
useful lens through which to explore the way in which heart diseaseBusiness Week, 1998What they share
careers shape the critical elements of a scientist’s so-is their scientific approach to the disease; specifically
cial capital. This observation together with prior schol- the use of therapies that rely on cells and on engineered
arship on the determinants of boundary-spanning in- scaffolds to support cells rather than on protein prod-
dividuals raises the second question addressed in thisucts or the more traditional small-molecule products
paper:To what extent do scientific careers shape the that have long been the basis of the pharmaceutical
social capital of a scientist and thus mediate the em- industry. The basic science at the heart of these firms
beddedness of entrepreneurial firms in the scientist’'s has arisen through the convergence of several distinc-
own scientific network? tive intellectual contexts—molecular biology, chemi-
cal engineering, medical research, stem cell research,
and even research into the physics of water. The field

3. Methods has been identified as one of the key medical research
opportunities of the twenty-first century with the po-
3.1. Research setting tential to harness the body’s regenerative capabilities

and to mimic the body’s reparative mechanisms to re-
| explore these issues in a sub-set of a population pair or rebuild damaged tissues and orgaigklason

of biotechnology firms drawn from a comprehensive and Langer, 2001 Investment in firms in this indus-
population of firms in the regenerative medicine sec- try sub-sector is estimated to be in excess of US$ 3.5
tor of biotechnology. The firms are all founded upon billion (Lysaght and Reyes, 2001
novel technology licensed from a University. For the
purpose of this analysis, the newly founded firm is 35 sampling
assumed to have no pre-existing capital. During the
early.life (.)f.the firm, such capital must be estab!ishec!. In building an understanding of the role of inven-
For simplicity and measurement purposes, | define this s i the knowledge-based activities of these firms,

capital as a combination of the firm’s scientific team, | ave carried out over 100 hours of interviews with
the scientific advisory board, and the broader scien- tq,nqers and inventors. To define the initial sample, |

tific community outside the formal (hiring) boundaries first had to develop the appropriate population bound-
of the firm who are engaged in collaborative research ary, which | did by triangulating three sourcksh

with the firm. | the_n confin_e the analysis to e_xploring small sub-population based in the North-East was
the degree to which the inventor has contributed 10 coen for research. In examining basic parameters

this newly formed capital and the degree to which the of firm size, age, status (public or private), and ori-
firm’s capital is strongly mediated by both the human

and social capital of the academic inventor. . .
This article draws on in-depth interviews conducted These included TechVest an annual industry conference on
P reparative and regenerative medicine; the Pittsburgh Tissue Engi-

over a 1-year period in 2001-2002. An initial study neering Initiative listing of firms; andittp://www.marketresearch.
focused on scientists and inventors engaged in onecom
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gins (university, corporate spin-out, other) these two
samples were found to be equivalent. These firms

represent a wide range of approaches to regenerative

medicine, including scaffolds, tissue repair, cell thera-
pies, xeno-transplantation and combination therapies.
Preliminary interviews were carried out with three
firms. They started with the basic research question:
How do biotechnology firms work with inventors to
accumulate scientific knowledge while meeting com-
mercial milestones? The initial interviews explored
this question over a broad context, addressed multiple
facets of the issue, and gave me the opportunity to
build an understanding of the real problems and chal-

lenges encountered by such early-stage science-based

firms. Following guidelines for inductive research,
| was as descriptive as possible until major themes
emerged from the dataG(aser and Strauss, 1967;
Miles and Huberman, 1994My interest in the de-
tailed connection between the inventor and the firm

was sparked when one CEO commented that he had a

“real problem because the inventor cut off all involve-

ment with the firm over an equity disagreement.” In

an interview a day later with another firm the CEO

noted that the inventor “has been critical for us, at
the moment he comes to our lab, gets involved in the
scientific strategy, but we really have to make sure
that we keep him interested and engaged.”

3.3. Qualitative and quantitative data

The evidence guiding my description and analysis
of the role of academic inventors is divided into three
major categories:

(1) Semi-structured interviews with inventors and
founders| have conducted 25 semi-structured in-
terviews; in all the interviews | was accompanied
by a “scribe” who took extensive notes. At the
end of the interviews these were written up and |
added my notes and comments. Interviews with
inventors focused on the role that they played
within the firm; their balance between the firm
and academia; their perceptions of what their
role should be, what human and social capital
they brought to the firm. In particular | explored
their role in establishing the different scientific
activities in the firm: internal research, external
collaborations and the Scientific Advisory Board.
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The (non-inventor) founder interview was focused
on the founder’s challenges regarding the firm'’s
early scientific development. | asked about the
role the founder wanted the inventor to play and
the reality of the interaction. For key members
of the firm’s scientific team (internal, external
collaborations and Scientific Advisory Board) |
explored how the connection was made.
Patent and publication analysisThe quanti-
tative data analysis presented here covers a
sub-population sample of 12 of the East coast
firms. Two distinctive sets of data were gathered:
The first is centered on the inventor and collects
all the publication and patent data in which the
academic inventor appeared as an author/inventor.
The second was a firm-centric data set that in-
cluded all publications and patents that included
the firm in the address/assignee fiél@ihe patent
data is based on granted patents from the USPTO
patent database. Publication data was generated
using the Web of Science publication database.
The inventor data are used to build up a picture of
the inventor's human capital and social network.
The number of publications and patents is used as
a “gross” quantitative measure of his or her human
capital. These data are then used to build a picture
of the academic inventor's social capital—the
network of co-authors and co-inventors (on a
range of patents) and institutions with which the
academic inventor has engaged in scientific activ-
ities. The firm data is used to build up a picture
of the individuals and institutions that the firm is
able to access to develop its underlying knowl-
edge through patenting and publication. This data
was developed in order to explore the potential
to develop bibliometric measures of the concepts
developed in the qualitative work, rather than as
the basis for statistical testing.
(3) Archival data on firms and inventartn addition

to interviews and bibliometric data | attempted

to gather archival data on the firms that included

)

2 Obviously this method may undercount a firm’s patents because
some may have been in-licensed to the firm from other institutions
and the firm will therefore not be listed as the assignee but may
have exclusive access to the ideas contained in the patent. For
the purposes of exploring the role of the inventor (rather than the
patenting productivity of the firm) | believe that this introduces
minimum bias.
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the list of their Scientific Advisory Board (SAB)  Table 1
members and the CVs of their key scientific per- Descriptive statistics of firm scientific productivity and scientific

sonnel and CEO. For the inventors, | gathered their "eerK

career history where possible, in order to have a N =12 Percent firms with Mean (range)

listing of their laboratory affiliations—their Ph.D. these activities

laboratory and supervisor, any post-doctoral expe- Patents. 92 8 (1-22)

. d th | ¢ . d thei Publications 83 28 (1-149)

rience and the relevant supervisor, and their own ¢ i oo 83 18 (1-81)

laboratory, its affiliation and graduate students.  sa members 83 7 (3-12)
Co-authors 83 75 (2-390)

Co-patentors 92 11 (1-42)

3.4. Merging and defining academic inventor and
firm measures

as individuals whom the firm has accessed to con-
In combination these three data sources were usedtribute to its initial and ongoing knowledge transfer
to build up a picture of capital of the firm and the and accumulation. The firm scientific activities and
contribution of the academic inventor to that capital. | various elements of the firm’s scientific network of
consider the firm’s capital to be defined by the internal connections are presentedTiable 1
and external scientists with whom the firm undertakes  As a means of measuring the inventor's contribu-
the scientific activities of its business. While patents, tion to the firm’'s capital, his contribution of human
publications (including co-publications) are measures capital can be measured through direct co-publication,
of productivity and output, they also provide insight co-patenting, membership of the SAB and other activ-
into the human capital used by the firm to generate ities within the firm. The academic inventor’s contri-
these outputs. Likewise, the scientific advisory board bution of social capital is established by the determi-
provides another aspect of their human capital. Thus nation of the extent to which the network of people (in-
following Liebeskind et al. (1996uthors and inven-  ternal and external) contributing to the firm’s outputs
tors on the firm’s patents and publications are viewed (as defined above and including SAB members) over-

;.' S ‘\l.‘ S -
: - Individuals:working
: outside the firm
Academic \ 1333+ :
inventor f Entrepreneurial firm
ﬁ Invgmor_ N
S - Individuals hired to

work within the firm

Social Capital
Local laboratory network

Boundary of firm
embeddedness within
scientific community

Social Capital

Cosmopolitan networi

Fig. 1. Human and social capital across the academic—firm boundary.
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lapped with and originated in the academic inventor's At this point, the three stories diverge: they illustrate
network, i.e. whether they had published or patented the distinctive mechanisms through which the inven-
with the academic inventor prior to the founding of the tors lend their human and social capital to the transfer
firm. Those individuals appearing in both the firm's and commercialization of their scientific ideas.
network of contributors and the academic inventor's  In the first instance—Firm 1 (as identified in all
network, were also coded for whether they had shared subsequent graphs)—the inventor has a full time fac-
a laboratory relationship (as advisor, co-worker or stu- ulty position at a leading medical school. The inven-
dent) with the academic inventor. Thus an inventor is tor is a scientist rather than a clinician and has no

defined as contributing to the firm in two waysd. 1):

Human capital through direct co-authorship, co-
inventorship, SAB membership and other executive
roles.

Social capital through providing the firm with the
ability to translate and access his network of key
individuals into a network of individuals with whom
the firm then establishes specific relationships and
gains human capitél.

4. Threeinventors stories

The distinctive role played by inventors in firms that
are founded to commercialize their ideas is exempli-
fied by the stories of three different inventors from the
East Coast tissue engineering community. All three in-
ventors have advanced degrees (Ph.D.s) in either cell
biology or biochemistry or biomedical engineering.
They have each developed a novel scientific method
that has the potential to transform disease through
the development of a novel therapeutic agent. In each

case, the idea has been published and patented anﬁ?

the patent licensed to the entrepreneurial firm by the
respective academic institutions with which the three
are affiliated. The new entrepreneurial biotechnology
firms have raised some risk capital for commercial-
ization. In the early stages each firm is attempting to
meet the pre-clinical scientific milestones that are es-

tablished by investors and that are necessary to trans-

late the scientific idea into a novel therapeutic product.

3 Given that the translation of an inventor’s social network into

previous involvement with commercialization. A ven-
ture capital firm “proactively sought out technologies
from the National Institutes of Health and then other
academic medical institutions” and came in to form
a company around the novel cell technology concept
developed by the inventor and brought in a local CEO
from a nearby biotechnology firm. In the course of
the licensing negotiations, there was some disagree-
ment over the extent to which the inventor would re-
ceive equity in the company. At the time, the insti-
tutional rules were poorly understood and confusion
arose over whether and how the inventor might receive
equity but continue to undertake relevant research in
this field and work on sponsored research with the
firm. At some point in the negotiations, the inventor
parted company with the firm and investors. The firm
established an internal scientific team and for the first
1-2 years struggled to develop the core ideas in the
absence of guidance by the inventor. They were able
to render the cell-based system operational and make
significant changes in its elements. They also built up
a Scientific Advisory Board of several key individu-
Is from the particular field of cell biology and clin-
cal medicine. Several members were local, but were
recruited by the CEO and venture investors with no
input from the Inventor.

In sharp contrast is Firm 9. The Inventor was also a
member of faculty at a large medical school also fo-
cused solely on research, having moved to this medi-
cal school from elsewhere on the East Coast to com-
plete a second post-doctoral fellowship and had subse-
quently been offered a faculty position and established
a small research laboratory. During this time, the In-

human capital for the firm can be measured only when there is a VENtor (working with a graduate school colleague) de-
traceable measure of the tie on the part of the inventor (through veloped a novel idea focused on particular scaffolds
publication or patenting) and of the substantiation of the trans- and their application to the transformation of cells.
lation through publication, patenting or SAB membership, this In spite of the potential to build an academic career,

method will under-count the academic inventor's social capital th tential f ializati f this id
contribution to a firm’s capital. Informal introductions, introduc- € potential tor commercialization 0 IS 1dea was

tions to long-standing (but not co-authoring) colleagues, depart- iNtriguing, and his colleague had decided to found
mental members, etc. are not captured. a company based on the idea. The inventor initially
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worked part time with the company, designing the search. After several years, a number of the firm’s
early experiments, setting up the research facility and new scientific team members started to co-supervise
building up the internal scientific research team. He graduate students in the Inventor’'s laboratory, and
also focused on research partnerships; as the foundempublish jointly with the Inventor. Several Ph.D.s from
described it “he has been managing all the researchthe laboratory moved to the firm and others were
collaborations in the last few years. choosing a lab hired from within the academic network of the tissue
to work with is critical and [inventor] was critical to  engineering community. The head of R&D noted:
that process.” The inventor continued to run his own “we try not to stay linked only to one group but it's
lab, training a small number of doctoral students and a small academic community.” Only after 3—4 years
medical fellows (often in collaboration with a more se- was collaboration broadened to incorporate a number
nior colleague—nhis former post-doctoral supervisor), of other institutions—mainly through the inventor’s
building up his own research reputation, and research broad network of connections. A significant indus-
connections throughout his academic institution. Af- try collaboration was also brokered by the inventor
ter 4 years, the firm was able to raise money through a and his previous post-doctoral advisor. The inventor
range of sources, and the inventor decided to join the maintained bi-monthly visits to the firm to discuss
firm full-time but retain a limited faculty position in  research ideas and comment on the firm’s scientific
his academic institution. He also asked several lead- and technical progress, but also managed a range of
ing scientists with whom he had published in the past distinctive academic research projects and collabo-
to join the SAB of the firm. He had come to know rations with other firms, both established and more
these scientists through earlier collaborations estab- entrepreneurial.
lished by his post-doctoral mentor. These individuals
also started to engage in some collaborative research
for the firm and the identification of key pre-clinical 5. Theme and variations—three dimensions of
research sites. involvement

The third inventor story (Firm 6) describes a pos-
sible middle-ground between the first two, and more  Inventors have the potential to influence and facili-
closely conforms to what might be described as tate an entrepreneurial firm whose business focus is the
the emerging normative role of academic scientist— commercialization of their scientific ideas and other
inventors in entrepreneurial firms. Once again the related discoveries. This process entails more than the
inventor is a Faculty member at a leading Uni- simple movement of a scientific idea from an aca-
versity. The scientific idea formed the basis of his demic laboratory to the firm laboratory; it can involve
post-doctoral work at the University and his subse- an exchange of tacit knowledge; on-going collabora-
qguent research in the laboratory that he establishedtive research to develop the idea more fully; the iden-
after joining the faculty. The idea was published in tification of key individuals who may provide access
several leading journals and the inventor had started to unique complementary scientific resources such as
to establish a significant reputation in the field of animal models, measurement systems, or (often later
tissue engineering. The scientific idea focused on a in the process) access to unique patient populations.
novel scaffold for tissue engineered therapeutics, and These qualitative data underscore the two broad cat-
followed one of a number of approaches that were egories of capital that an inventor can bring to the
being commercialized by different research groups. entrepreneurial firm. The precise mechanisms of in-
The University licensing office licensed the idea into volvement through which this capital is exchanged and
an entrepreneurial firm in which the inventor had the way that they unfold as the firm develops are con-
a significant role. In the early years after founding, nected to both the inventor’'s own capital and the will-
the inventor sat on the SAB, but more concretely ingness or ability of the inventor to translate that cap-
continued to work on the idea and make a series of ital into direct activities, valuable connections, collab-
inventions disclosed through publications and Uni- orations, and employee contacts for the firm. These in-
versity patents, which were later licensed to the firm. terviews suggest that an inventor’s role in the build-up
The inventor continued to engage in sponsored re- and transfer of scientific knowledge can be understood
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by considering both an inventor’s human capital and
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inventor can leverage to facilitate the firm’s develop-

social capital. In broad terms, as described by previous ment that is based upon a broader set of co-authorship

authors, the inventor can facilitate the firm in trans-
ferring and accumulating knowledge by bringing his
or her own knowledge (human capital) to bear on the
firm’s activities. However, while current perspectives
highlight co-authorship and other forms of tacit knowl-
edge exchangeZ(icher et al., 1998; Agrawal, 20P2
this study found a range of modes of exchange of
human capital. In addition, academic inventors could
also shape the firm by translating their social capi-
tal into a network the firm can leverage for on-going
scientific work and in doing so embedding the firm
within a series of relevant relationships. Furthermore,
the interviews suggest that an important distinction be
made between two forms of social capital: One form
of social capital is related to the current laboratory af-
filiation of the scientist which | have called the local
laboratory network and one that is formed through the
broader network of connections to the scientific com-
munity which | have called the cosmopolitan network.

relationships with individuals from a range of insti-
tutions, disciplines and settings, which constitute that
inventor’s invisible college Grane, 1972 | use this
approach because it provides an analytically useful
way of summarizing the data. Nonetheless, as Boze-
man has noted, “the production of scientific knowl-
edge is by definition social, many of the skills are more
social or political than cognitive” thus acknowledging
that for any inventor, their human and social (local
and cosmopolitan) capital are highly interdependent
(Bozeman et al., 1999. 18; Rogers and Bozeman,
2007). Likewise if we reevaluate Merton’s explana-
tion for the Matthew effect in science, we find that
human capital (the quality of particular ideas) is in-
timately connected to affiliations and positions early
on in the career of scientistdlérton, 1973. While
these elements of a scientist’s capital are intertwined
and evolve throughout a scientist’'s careBofeman

et al., 200}, at the time when an inventor’'s work is

Each of these types of capital can be of potential value licensed to a newly formed firm the academic inventor
to the firm and can be accessed through a range ofhas accumulated a stock of experience, publications

distinctive ties.
Therefore, across a range of inventor—firm inter-

and overall capital which she may provide to the firm.
Thus we can simplify the analysis by assuming that

actions access to members of an inventor's social we are taking a “snap shot” of an inventor’s capital.

network (social capital translated into firm capital)

We can then explore the mechanisms through which

is transferred and translated across university—firm this capital is translated by the entrepreneurial firm’s

boundaries, reflecting the interactions that are increas-

ingly recognized as fundamental to entrepreneurial
science-based firm€Efzkowitz, 1998; Zucher et al.,
2001; Rosenberg, 1982

This model of an inventor’'s scientific capital be-
ing composed of two forms of capital—human capital
and social capital which includes both local network

and cosmopolitan network capital—presents these el-

ements as if they are independddtiman capitalde-
scribes how the inventor is directly involved with the
firm-providing advice on how to set up experimental

systems, understanding the nuances of a novel scien

tific approach, or manipulate complex cell linés-

cal laboratory network capitais the local social cap-
ital that an inventor can bring to the firm. It is asso-
ciated with their own academic laboratory, graduate
students, or laboratories in which they have worked

as doctoral students or post-docs and can, for exam-

ple, be accessed through collaborative resedtcls-
mopolitan network capitak the social capital that the

scientific development and the origins of the capital.

5.1. Academic inventor’'s human capital

The academic inventors in this (albeit small)
study bring a diverse range of human capital. Some
are relatively junior scientists who have completed
post-doctoral training and just migrated to a junior fac-
ulty position. Others are extremely accomplished and
well-established tenured faculty of world-renowned
institutions (as noted iffable 2.

Table 2
Descriptive statistics of academic inventor’s scientific capital

Inventor N = 12) Mean (range)

Total number of publications 59 (5-182)
Total number of patents 10 (1-23)
Total number of co-authors 106 (11-321)
Total number of co-inventors 6 (0-23)
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Table 3
Mechanisms of inventor relationship to the firm
Inventor’s relationship to the firm Description of role and contribution of human capital
Moves from academia to the firm Scientist-inventor becomes a full time member of the firm’s scientific team, often
taking on role of CSO, chair of SAB, and occasionally CEO.
Moves from academia to the firm and Scientist-inventor becomes a full time member of the firm’'s scientific team, often
retains an academic affiliation taking on role of CSO, chair of SAB, but retains an academic affiliation typically
within previous department.
Remains a full-time academic but Remains a full-time academic but uses different modes to remain involved
retains involvement in firm specifically consulting (often 1 day/week), may take on role as chair of SAB and
occasionally acting CSO.
Remains in a full-time academic No involvement with the firm—arms length relationship with the technology transfer
position with no involvement with process.
firm

This capital can be conceptualized as encompass-of human capital highlight the importance of substan-
ing not only educationRecker, 196% but also ex- tive scientific and technical knowledge based on the
plicit knowledge captured in patents and publications, inventor’'s own research experience and knowledge of
as well as tacit knowledgePflanyi, 1967 and craft the scientific literature. Throughout the interviews, the
knowledge and know-how. Such human capital makes inventor’s role in guiding experimental scientific work
the inventor a potentially crucial player in the trans- dominated the founder and the inventor's own assess-
fer and commercialization of his or her own scientific ment of their role. Upon further questioning inven-
ideas. The precise role that an inventor plays appearstors comment that this is part of their skill set—one
to be determined by a range of factors including per- more closely linked to being an “advisor” and design-
sonal preferences; career stage; institutional barriers;ing scientific strategy even within the scientific setting
professional norms and the incentives provided by the rather than a holder of true “hands-on” craft or tacit
firm. In several firms the inventor was critical in the es- knowledge. Nevertheless in many cases this results in
tablishment of the firm’s laboratory facilities making publications and patenting with the firm.
sure that a complex and difficult cell-line was reestab- ~ Academic—inventors translated their human capital
lished and often did so through part-time consulting. to capital for the firm in differing degrees and through
Such roles relate to the specific challenges underly- distinctive mechanisms. One critical factor shaping
ing a particular experimental system and are closely these mechanisms is whether the inventor actually
allied to the tacit knowledge exchange that has been joins the firm, retains a full-time academic position
highlighted as a critical mechanism through which or takes some intermediate path with a part-time aca-
star scientists shape firm performance. However, an demic affiliation.Table 3describes four different pos-
inventor's human capital has other facets: In one firm sible modes of involvement.
the inventor (who was both CEO and CSO) laid outthe  In each of these relationships, except when the in-
entire experimental strategy through which key tech- ventor remains at arms length, the inventor brings sig-
nical milestones could be met, in another the inventor nificant human capital to the firm. Scientists at differ-
developed the protocols with which proof of concept ent stages in their careers make the decision to move
of the cell preservation technology was established. full-time to the firm or retain only limited academic
These are human skills generally based on the expe-affiliation. For relatively young scientists in the junior
riential dimensions of a scientific career and in some faculty stage, the decision to move to the firm seems
cases may encompass the experiences of a medicato be related to “my past experience | saw my ad-
training in addition to a scientific orfeSuch elements  visors work with a firm, it eventually failed but | de-

cided | would rather get involved in commercializing
4 This is increasingly true with the rise of the M.D./Ph.D. pro-

grams designed to train individuals in both the scientific and med- tice that is focused on the translational activities of transforming
ical/clinical contexts and thus prepare them for research and prac- basic science into clinical impacts.
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a technology and have the ability to influence many by Latour and Woolgar (197%yho not only illustrated
individuals.” For a more senior scientist who joined the cycle of idea production, transcription and credit,
a regenerative medicine firm after an academic careerbut also the different actors involved in the process.
spanning many years, the decision was made becausaVhile those studying scientific careers have noted the
“I had had enough of the grant cycle, raising money importance of education and trainingjlien and Katz,
from government agencies and working in a relatively 1992 our understanding of the laboratory setting as
poorly recognized area of biology” but this was only thelocale for much of this training is somewhat un-
after working on a flexible basis for 3 years and main- derdeveloped.
taining an academic affiliation for that period. How- The laboratory is the context in which the inventors
ever, among the so-called star scientists, as might bein this study developed their ideas, and is also a criti-
expected given the benefits and distinctions of high callocal social context. An inventor’s local laboratory
status in the scientific community, none have moved to network is structured and emerges through the tradi-
the particular firm in a full time position (except upon tional scientific career development of academic sci-
retirement). Rather they exert their influence and shape entists particularly in the biological sciences (where
the firms through consulting activities, often as equity multiple post-doctoral positions are common). The hi-
participants in the firm with significant incentives to erarchical structure of scientific education provides
shape its successful development. Among those who any scientist with a local social context that spans not
remain in academia, their role in the firm ranges from only their own laboratory but also those laboratories
deep involvement as chair of the Scientific Advisory in which they trained (moving from a doctoral posi-
Board to more informal advice given to the internal tion through a series of post-doctoral positions and fi-
scientific tean. nally into a faculty position). In this way the scientist
has built up a local “laboratory network” which in-
cludes his former Ph.D. advisor, post-doctoral mentor,
graduate student colleagues and his own graduate stu-
dent, resident, and fellow advisees. Academic labora-
tories in tissue engineering and cell biology like those
in other fields, display a strong sense of the labora-
tory context and the importance of a shared experience
among the current and former members of the group.
The laboratory network can be translated for the
firm’s advantage through a range of distinctive mech-
anisms. In most of the entrepreneurial firms in this
study, the inventor’s local laboratory network was at
least partially incorporated into the firm’'s scientific
activities. Like the role of the individual inventor him-
self, the ways in which a firm leveraged this laboratory
network varied widely. In at least three firms, a techni-
cian moved to the firm from the inventor’s laboratory,
- o ~ two of these were associated with the Inventor mov-
It should be noted that the institutional challenges of maintain- ing into a full-time position in the firm. In instances

ing the variety of flexible relationships found in this relative small f eith tial or full-ti d ic affiliati th
sample underscore the finding Gittelman (2001)and others that oreither a partial or full-ime academic affiliation, the

institutional arrangements facilitating the involvement of the inven-  INVentor engaged in multiplex utilization of his local
tor as an individual actor in the early years of an entrepreneurial laboratory context. While the precise nature of these
firm are valuable to the commercialization process. While they interactions is difficult to pin down (and often confi-
have become a widely accepted norm within the US East Coast dential) they most typicaIIy include one of the follow-

biomedical complex studied here (sE&zkowitz and Leydesdorff, . . d hatthe i tor's lab
200Q for a detailed analysis of this setting in a broader context) INg: 0N-going sponsored research at the inventor's fab-

this is not the case in other parts of the US, Europe and beyond Oratory; on-going research pursued with external fund-
and varies widely from institution to institution. ing with licensing arrangements establishing a stream

5.2. Academic inventor’s social capital

5.2.1. Laboratory network

The inventor’s interaction with the entrepreneurial
firm draws on an inventor’s individual human capital.
Nonetheless, such human capital is rarely built in iso-
lation from a broader social context and is typically
deeply embedded within the local laboratory setting
within which the inventor trained and trains others.
As a consequence, an inventor’s “laboratory life” of-
ten becomes intimately involved in the entrepreneurial
life, the solution of the firm’s early scientific chal-
lenges and at times the on-going scientific develop-
ment of the firm’s intellectual foundations. The nature
of laboratory life is the subject of the detailed analysis



654

of patents to the firm; informal collaborations based
on material exchange; or collaboration on the use of
specific animal models. Joint publication (and occa-
sionally patenting) of research is a common output of
such interactions.

At Firm 6 one member of the firm’s internal
scientific team was permanently positioned in the
inventor’'s laboratory and worked with doctoral stu-
dents on projects of mutual interest to the firm and
the inventor, resulting in joint publications. Such
intimate relationships have the potential to create sig-
nificant blurring of the boundaries between academic
science and commercializatiénWith this in mind,
at least two of the inventors interviewed who had
maintain an academic laboratory in the early days of
the firm (and had subsequently joined the firm full

F. Murray/Research Policy 33 (2004) 643-659

such individuals to facilitate the firm in building this

aspect of its own scientific organization. As outlined
above, the inventor may play a central role in SAB
formation through the laboratory network.

5.2.2. Cosmopolitan network

Laboratory life is central to a scientist—inventor's
social network. Nevertheless, scientists are simulta-
neously embedded within a broader social context
of their peers within and around their disciplinary
and problem focus. So-called “invisible colleges” were
first described brane (1968, 1972nd have as their
foundations interpersonal relationships built on shared
interests, conference interactions, and exchange of stu-
dents. This extensive social structure within the scien-
tific community provides a scientist with a cosmopoli-

time) were keenly aware of these challenges and tried tan network of colleagues and contacts, with whom as
to keep research projects separate. In other instancesMerton (1973)described he may have more in com-

the participation of an inventor in an entrepreneurial
firm rests on continued research in the laboratory
sponsored by the firm and public sources. This ar-
rangement and the relevance of the training provide
alternative career opportunities for doctoral students
who choose to leave the academy. Within this sample,

mon than more proximate individuals from outside his
discipline.

In the case of a field such as regenerative medicine,
these cosmopolitan networks span both the core dis-
cipline in which the inventor has trained—for exam-
ple, the inventors who are chemical engineers have

it has not been possible to trace such movements: asa cosmopolitan network of polymer specialists who
one CSO noted “the students in that lab are real hot span numerous centers in the US and beyond—but the

shots and most of them want to go into academia
so although we would love to take advantage its not
a route we have been able to follow.”

Through their own training, academic—inventors
have also come into contact with highly regarded se-

network also bridges disciplines including cell biol-
ogy, stem cell biology, and biomechanical engineer-
ing (Vacanti and Mikos, 1999 Furthermore, given
the clinical relevance of much of the work the cos-
mopolitan network for many inventors encompasses

nior scientists who may have acted as their advisors a medical sub-specialty such as neurology, dermatol-

in the past. This is another element of their local so-
cial network that they may exploit on behalf of the
firm notably when the firm establishes its Scientific
Advisory Board. Leaving aside the specific activities
of the board, inventors can use their connections to

6 while the output of high quality scientific research can be
of dual value and further the dual aims of an inventor (particu-
larly one with equity), such arrangements have been of particular
concern to Universities. At the broadest policy level, the concern
voiced in the literature on this subject relates to the distorting of
the scientific agenda towards more applied reseaBiin{enthal,
1986. However, at a more practical level, the concern is with the
nature and direction of the training of undergraduates and partic-
ular doctoral students, with the contention being that laboratory
life is shifting and students will not receive an appropriately broad
and dispassionate training.

ogy, or immunology. As with their human capital and

local laboratory network social capital, scientists typ-
ically build their cosmopolitan network through the

course of their career; gaining entry to the smaller in-
visible college through a mentor and through distin-
guished research activities (refer Table 2for data

on inventors’ cosmopolitan network a measured only
using co-authors).

The precise mechanisms that lead to a scientist’s
embeddedness within the cosmopolitan network are
not as well elucidated for science as they are for net-
works in the labor marke@§ranovetter, 1973 product
development Klargadon and Sutton, 1997; Hansen,
1999 and supplier relationshipdJgzi, 1997. How-
ever, limited empirical evidenceligbeskind et al.,
1996 supports the interview findings in this study:
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Contribution of Inventor to firm's
Research Productivity
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Fig. 2. Inventor involvement in the firm’s productivity.

For academic—inventors, their cosmopolitan network  From the firm’s perspective, an academic inventor’s
facilitates research collaboration and leads to exten- cosmopolitan network has significant potential value.
sive co-publication among widely dispersed groups. Through informal and more formal mechanisms, the
The cosmopolitan network also allows for broader inventor can translate his network to make the firm
learning through the formation of new societies such aware of the leading scientists in the field and of
as the Tissue Engineering Society, new journals, their particular scientific resources. Even when man-
specialist conferences, and research funding oppor-agers in the firm ar@ware of such scientists, their
tunities through the National Institutes of Health, access to them may be limited. However, the inven-
the Advanced Technology Program and the National tor can introduce the firm and open up avenues to
Science Foundatioh. Such relationships are also collaboration with key senior scientists who might
established through journal editorship, and shared ex- otherwise be unavailable. As one CEO put it “we
periences with grant review, government committees need to establish high-powered collaborations and
and the broader world of scientific policymaking in SAB membership to prove that we are not thieves
which star scientists often become engageattdur, but to do this they need to know who we are.”
1987. Over time, senior scientists build a close group The data in this tissue engineering sample show
of colleagues to whom they can turn for advice or that there is wide variation in the degree to which
information about specific problems and challenges. inventor’s translate their cosmopolitan network into
This highlights one key attribute of senior or “star” measurable ties that facilitate science and commer-
scientists, namely their deeply embedded connec- cialization at the firm. Nonetheless, in cases where
tivity to the community. This is complementary to the inventor has a deep cosmopolitan network and
their deep stores of human capital but is potentially is involved with the firm, his network does appear
more valuable to a firm, particularly when the star to translate into access to key scientific resources
scientist is actually somewhat removed from the lab in two distinctive forms—research collaborations
bench. (which are measured here by co-publication) and
also Scientific Advisory Board membership (see
— _ ' ' _ _ Fig. 2. To date it has not been possible to iden-
This is consistent V\_nth Coleman’s view of social gapltgl as tify informal collaborations that have not resulted
the process through which the exchange of human capital—in this . L .
case scientific knowledge—is facilitated, but also encompasses a!n publlcat!ops. This Squ,eStS that the measure ,Of
range of other activities including lobbying, funding mechanisms, INVeNtor-originated co-publications and co-authors is
etc. Coleman, 1988 likely to be under-counted.
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6. Discussion

In this paper, | have combined social network and
brokering/boundary spanning perspectives to shed
light on empirical evidence of an academic inventor’s
role in commercialization. In doing so, this paper
makes sense of the variety of contributions an in-
ventor can make to facilitate the embedding of a
science-based entrepreneurial firm in the scientific
community. | also take a career perspective to under-
stand the origins of these contributions. Overall, there
is considerable variance, but inventors make contri-
butions at two distinctive levels—human capital and
social capital. Social capital (in its most reduced form)
takes the form of the translation of an inventor’s social
co-publishing network into a network that is utilized
by the firm for co-authorship, SAB membership and
hiring.

My first finding is that the inventor brings his human
capital—the range of scientific knowledge, knowledge
of laboratory techniques and expertise in developing
scientific strategy. The mechanisms through which he
brings this knowledge vary widely but typically arise
either through joining the firm as Chief Scientific Of-
ficer, or if he maintains a full-time academic position,
through consulting. The specific observable outputs
include co-publication, co-patenting and memberships
of the SAB (sed-ig. 2). This human capital is strongly
shaped by the direct experience built up through a ca-
reer in academic science.

Contribution of Inventor's
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The second finding is that the inventor simultane-
ously exploits his social capital (network) to build
relationships between members of his social network
and the firm. Of particular note is the finding that the
inventor’s social capital has two distinctive elements:
The first is alocal laboratory networkthat is shaped
by the specific career experiences of the inventor
training in different laboratories and building his own
laboratory; the second is a cosmopolitan network
of widely dispersed peers within his field who may
constitute the invisible college of the discipline. The
local laboratory network can be translated by the firm
into a source of on-going scientific expertise around
the core idea and can be accessed through sponsored
research between the firm and the inventor, or through
the mobility of the inventor’s technicians and students
to the firm. Members of this local network may also
be invited by the inventor to form part of a firm’s
SAB. The firm can also translate an inventocss-
mopolitan networkto shape a firm’'s embeddedness
and allow the firm to tap into a broader scientific net-
work for specific expertise that the firm may use in
meeting technical milestones. These connections can
be leveraged through the inventor acting to create col-
laborative research between the firm and the scientist,
or once again through an invitation to the SAB (see
Fig. 3. Through these two elements of an inventor’s
network, critical and complex technical information
and advice seem to flow into the entrepreneurial
firm.

Cosmopolitan Network to
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Fig. 3. Inventor cosmopolitan network contribution to firm's activities.
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These elements of the inventor capital point to
the importance of human and social capital well be-
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per. However, it remains an important open question
as to whether a close, full-time involvement is more

yond tacit knowledge. It underscores the academic or less preferable to a more distant relationship but

inventor’s relationship to the firm as potentially mul-

one in which the inventor maintains and continues to

tiplex in nature and encompassing considerably more build his social capital through scientific networks. It

than either tacit knowledge or reputation signals. In-

may indeed be the case that the transformation of the

deed the key signal provided by the academic inventor scientist's network into a firm network that embeds

is a signal to members of his cosmopolitan network
that the firm is a worthwhile endeavor and worthy of

time and collaborative attention. The research high-
lights the critical importance of an inventor’s social

capital, the importance of the inventor’s brokerage
of his social capital to connect and embed the firm
in his social network and the mechanisms that a
firm then uses to exploit this connection—namely
co-publication but also hiring, consulting and SAB

membership. The origins of the inventor's most
critical social capital are to be found in his career
trajectory and can be thought of as containing two
elements: social capital founded on his local labora-
tory network and that founded on his cosmopolitan

the firm in the scientific community is only possible to
the extent that the scientist retains a strong academic
affiliation and therefore academic legitimacy.

The paper is also narrowly focused on biotech-
nology and one emerging sub-field—tissue engineer-
ing. Thus it is difficult to generalize beyond the life
sciences in determining whether these mechanisms
form the basis of inventor—firm relationships in en-
trepreneurial firms in other disciplines on the forefront
of science. Furthermore, this paper makes no state-
ment regarding the relative performance outcomes
associated with the distinctive role played by an
inventor—scientist in the technology transfer process.
Rather it sheds light on the complexity and variety

network. The nature of brokerage and mechanisms of the underlying mechanisms through which ideas
of firm embeddedness to each of these elements ofdeveloped within an academic context are transferred
social capital remain to be more precisely understood. and translated within the commercial world. Ques-
This work has several limitations. Because the pri- tions of which mechanisms an inventor chooses, how
mary aim of this paper was to move beyond human they vary by sector and their ultimate performance
capital oriented views of the firm—inventor interaction implications remain for future research.
to encompass social capital perspectives and the criti- From a policy perspective, this research raises a
cal career-based origins of such social capital, | have number of questions regarding the extent to which in-
devoted little attention to explaining under what con- stitutional policy can and does shape inventor partici-
ditions an inventor is likely to translate his or her hu- pation in commercialization. The core dilemma facing
man and social capital for the commercialization of his institutions is the intersection of the inventor’s role at
idea. Incentives provided by university policy, other two of the level's described—the inventor sharing his
founding team members and investors are part of the own scientific knowledge or human capital on the one
explanation but are only one facet of the story. Another hand and leveraging of the local laboratory network
facet is probably connected to the career path and theelements of his social capital on the other. Particularly
opportunities it presents to an inventor—anecdotal ev- in cases where inventors have high-powered incentives
idence suggests that established faculty typically re- to positively influence the performance of firms com-
tain their academic position, while more junior scien- mercializing their work, individual participation is a
tists may see the commercialization of their ideas as likely and probably desirable outcome for the firm.
an opportunity to move from academia into the private There are some concerns, however, that this involve-
sector in a relatively senior position (typically Chief ment will provide a distorting incentive on the direc-
Scientific Officer) albeit a precarious one. The ques- tion and secrecy of an inventor’'s continued research
tion of whether the social capital benefits to the en- (Blumenthal, 1986; Krimsky, 1991 Although these
trepreneurial firm can be accrued regardless of whetherare factors of some concern, the more problematic is-
the inventor moves his main affiliation to the firm or sues arise in cases when an inventor has a significant
keeps it at the university cannot be fully addressed laboratory network whose current research is closely
with the limited number of firms examined in this pa- related to the ideas being transferred to the firm. In
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this case it is often beneficial for the firm to main-
tain on-going collaboration not only with the inventor
but the laboratory network. Under such conditions, the
inventor and the academic institutions face potential
conflicts of interest regarding the research direction
of students training in the laboratory. Although insti-
tutional rules vary widely, many institutions prohibit
the combination of a firm providing inventor equity on

the one hand and sponsored research to the inventor’sBu

laboratory on the other. Nonetheless, the firm can still
translate the laboratory network through the mobility
of students after their training or through more infor-
mal research activities. Exploring the precise bound-
aries of these issues is a question for further researc
and policy debate.
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