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Abstract

The transfer of scientific and technological know-how into valuable economic activity has become a high priority on many
policy agendas. Industry Science Links (ISLs) are an important dimension of this policy orientation. Over the last decades,
multiple insights have been gained (both theoretical and empirical) as to how “effective” ISLs can be fostered through the design
and the development of university-based technology transfer organizations (TTOs). In this paper, we document and analyze
the evolution of “effective” university-based technology transfer mechanisms. We describe how decentralized organizational
approaches and incentives that stimulate the active involvement of the research groups in the exploitation of their research
findings might be combined with specialized central services offering intellectual property management and spin-off support.
More particularly, we analyze how the creation of:
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1) an appropriate balance between centralization and decentralization within academia;
2) the design of appropriate incentive structures for academic research groups;
3) the implementation of appropriate decision and monitoring processes within the TTO

as brought about critical elements in fostering an “effective” commercialization of the academic science base.
2005 Elsevier B.V. All rights reserved.
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. Introduction

It is now widely recognized in the economic lit-
rature that the performance of a (national) economy
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in terms of innovation and productivity is not on
the result of public and private investments. It is a
strongly influenced by the character and the intensi
the interactions and learning processes among pro
ers, users, suppliers and public authorities (David and
Foray, 1995; Freeman, 1991; Lundvall, 1992; Nel
1993; Patel and Pavitt, 1994).

A central issue within the “knowledge distributi
power” perspective of an innovation system, are
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links between industry and science. Theoretical and
empirical work in innovation economics provides sup-
port for the use of scientific knowledge by creating and
maintaining industry-science relations to positively af-
fect innovation performance (see for instance:Feller,
1990; Rothwell, 1992; Rosenberg and Nelson, 1994;
Dodgson, 1994; Mansfield and Lee, 1996; Mansfield,
1991, 1997; Branscomb et al., 1999; OECD, 2000). In
a similar vein, the work on the “Triple Helix” model,
which rose to prominence in the technology policy
literature during the second half of the 1990s (e.g.
Etzkowitz and Leydesdorff, 2000) draws our attention
to the interaction between industry, academia, and gov-
ernment.

But at the same time the empirical evidence, es-
pecially for Europe, shows that the flow of basic re-
search into economic exploitation is not without obsta-
cles, cf. the so-called “European Paradox” (EC, 2002).
A better comprehension of industry science links has
thus figured high on the policy agenda in many OECD
countries. In search of effective practices to improve
the commercial applications of basic research, ma-
jor benchmarking exercises were conducted (OECD,
2001; Polt, 2001). These authors conclude that low
levels of Industry Science Links (further abbreviated
as ISLs) in EU member states can be attributed mainly
to a lack (1) in demand at the enterprise side, i.e. a
specialization on innovation paths that do not require
scientific knowledge or expertise, and (2) of incen-
tive structures and institutional factors at the science
s
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2. The rise in industry science links

“ Industry-Science Links” refer to the different types
of interactions between the industry and the science
sector that are aimed at the exchange of knowledge
and technology. Typically, the following formal forms
are considered:

• start-up of technology-oriented enterprises by re-
searchers from the science-base generated at the re-
search institute;

• collaborative research, i.e. defining and conducting
R&D projects jointly by enterprises and science in-
stitutions, either on a bi-lateral basis or on a consor-
tium basis;

• contract research and know-how based consulting
by science commissioned by industry;

• development of Intellectual Property Rights (IPRs)
by science both as a tool indicating their technology
competence as well as serving as a base for licensing
technologies to enterprises. Those IPRs are not
limited to the establishment of patent portfolios, but
also include the protection of design topologies, the
establishment of frameworks for Material Transfer
Agreements (MTAs), the protection of databases,
the property rights on tissue banks, etc.;

• others, such as co-operation in graduate education,
advanced training for enterprise staff, systematic
exchange of research staff between companies and
research institutes.
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This paper deals with ISLs while taking a scien

ide perspective. It discusses and analyzes the pra
hat have been identified to cope with the barr
o the exploitation of basic research. The focus
he present analysis will be on the use of approp
ncentive systems and governance structures in sc
nstitutions. The contribution of university technolo
ransfer offices (further abbreviated as TTO) a
ediating institution for improving the link betwe

cience and innovations will be considered. To be
nderstand the design and the development of e

ive TTO organizations, we analyze the case of
.U. Leuven TTO, comparing it with TTOs at oth
uropean academic institutions. Before turning to
mpirical analysis, we first define the phenome
f Industry Science Links and we review the exist

iterature.
Behind this multitude of formal relationships li
myriad of informal contacts, gatekeeping proce

nd industry-science networks on a personal b
hese informal contacts and human capital flows
ays of exchanging knowledge between enterp
nd public research, which are more difficult
uantify, but nevertheless extremely important
ften a catalyst for instigating further formal conta
seeAllen, 1977or Matkin, 1990).

Empirical studies in the economics and the m
gement literature have attempted to quantify kn
dge transfers from academic research, mostly fo
S, through various proxies. Several papers have
mined the emergence and the nature of acad
pin-off activities (Shane, 2002; Zucker et al., 199
udretsch and Stephan, 1996; Bollinger et al., 19).
hane (2002)investigated the licensing of univers
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generated innovations.Henderson et al. (1998)and
Mowery (1998)looked at citations to academic patents.
Siegel et al. (2003a)studied university science parks.
The use of public science by firms can also be docu-
mented in the number of references to scientific publi-
cations in patents, as inNarin et al. (1997), and more
recently inVerbeek et al. (2002)andBranstetter (2003).
Finally, university-industry collaborative research has
received substantial attention in empirical studies (Hall
et al., 2000; Cockburn and Henderson, 2000; Mohnen
and Hoareau, in press; Belderbos et al., 2003).

Most recent empirical studies using various industry
science link indicators, all suggest an intensification of
the interactions between universities and industry over
time. For instance,Branstetter (2003)andVerbeek et
al. (2002)have shown that the number of scientific ref-
erences in corporate patents have nearly tripled during
the 1990s, although they are still highly concentrated
within a limited number of technology domains as
measured by the patent classes in which they occur.
So called “science-based technologies”, defined as
fields with frequent references to scientific knowledge,
are biotechnology, information technologies, and
advanced materials. Especially these science-based
technologies are strong contributors to technological
progress, as for instance observed by the increasing
prominence of patents in these fields.

Underlying this positive trend is a change in the in-
stitutional environment, with public policies especially
aimed at encouraging the commercialization of scien-
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alongside the ever-increasing cost structures of state-
of-the-art interdisciplinary research.

While on average the evidence suggests a growing
trend in – and a positive effect of – knowledge transfers
from science to industry, there is nevertheless a strong
suggestion of an inadequate scale and intensity of those
transfers, with the link between science and innovations
neither direct nor close.Hall et al. (2000)report that in
the US only a small minority of research partnerships (a
modest 15%) registered under the NCRA and NCRPA
act include a university, although the trend is positive.
And, even despite the growth in university licensing in
the US,Thursby and Kemp (2002)find substantial ev-
idence of persistent inefficiencies across universities.
Thursby and Thursby (2002)qualify the growth in
commercial activities from universities as being mainly
a growth in patent applications, but less in terms of
invention disclosures, while the number of licenses ex-
ecuted was even found to have declined. Furthermore,
these links often remain geographically restricted (Jaffe
et al., 1993; Audretsch and Stephan, 1996). In Europe,
the gap between high levels of scientific performance
on the one hand and their minimal contributions
to industrial competitiveness and new venture en-
trepreneurship on the other hand appears particularly
large. This gap, also known as the “European paradox”,
has been attributed to a low intensity of industry sci-
ence links. For instance, evidence from the Community
Innovation Surveys shows that only 10% of innovative
firms in the EU have cooperative agreements with
u
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ific discoveries and subsequent inventions. Unive
ies and other public research institutes are increas
xpected not only to be producers of graduates an
ic knowledge. The know-how they generate sh
lso be transferred more efficiently and at higher sp

nto commercial activities, the reasoning goes. The
ent surge in university patenting in the US is mo
ttributed to the Bayh–Dole act of 1980, which g

he universities the right to license inventions from f
rally funded research (Nelson, 2001; Mowery et a
001). At the ISL demand side, corporations appea

ook more extensively towards public science as on
he external sources allowing rapid and privileged
ess to new knowledge, especially in the life scien
Cockburn and Henderson, 2000; Zucker et al., 1
owery, 1998). At the same time, public research in

utions are searching for new funds to compensat
he increasing budgetary stringency of public fund
niversities.
The empirical evidence suggests that the cont

ions of science to innovation and the relations
ween research institutions and enterprises are n
ll straightforward, resulting in market failures in
arket for scientific knowledge. A match of knowled

upply and demand provides a first necessary cond
or establishing ISLs. The supply factor for ISLs rela
o a well performing and competitive science base.
emand for ISLs requires the active presence of i
ation strategies in the enterprise sector (Pavitt, 1998).
ut even if there is adequate supply and deman

SLs, effective industry-science interactions may
ot materialize, as the empirical evidence suggests
xtent to which this potential is utilized depends on
arriers within an innovation system. The econom
nd technology management literature has started
ery recently to investigate in more detail how the fr



324 K. Debackere, R. Veugelers / Research Policy 34 (2005) 321–342

of academic research can be better exploited in a market
environment. In Section3, we will therefore review the
emerging literature on the factors shaping ISLs from the
perspective of the science base, integrating the research
insights obtained from economics and management. In
Section4, we will review the empirical literature eval-
uating best practices in ISLs. Spin-offs, being a key
dimension in ISLs, at present receiving wide policy at-
tention, will be discussed in more detail. Sections 5–7
will then discuss the TTO role in fostering ISLs.

3. Management of ISL from the perspective of
the science base

The science base includes various types of institu-
tions such as publicly funded research organizations,
universities and other higher education institutions.
The organizational composition of the science base
“landscape” is an important variable determining the
performance of the public research sector, since each of
the types mentioned has its own views and policies on
ISLs.Universitiescultivate industry contacts to ensure
additional financing, allowing to expand their research
capabilities beyond what core funding would allow and
to secure good job prospects for their students. Leading
research universities have even more ambitious goals
as they seek ISLs to consolidate their position in inno-
vation networks and to obtain and maintain a strategic
position in the knowledge market. Recent research (Van
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vations increasingly have a multidisciplinary charac-
ter and build on “difficult-to-codify” people-centered
interactions, university-based systems of ISLs, which
combine basic and applied research with a broader ed-
ucation mission, are seen as enjoying a comparative ad-
vantage relative to research institutes (OECD, 2001).
Universities in particular are required not only to play
an active role in education and science and technol-
ogy development, but also increasingly to turn those
scientific developments into useful innovations when-
ever possible and desirable. However, as the economic
pressure on academic research grows, universities have
to cope with their new multi-tasking environment, i.e.
how should they reconcile teaching, the “exogenous”
(i.e. curiosity-driven invention) and “endogenous” (i.e.
market-driven innovation) component of the academic
research.

The highly uncertain and the non-codifiable nature
of scientific know-how results in high transaction costs
and in systemic failures in the market for this know-
how, explaining the difficulty of organizing ISLs. A
factor that has received quite some attention as a nec-
essary condition for smooth ISLs is the presence of
a transparent and well-articulatedintellectual property
rightsregime (Link et al., 2003). The ownership of pub-
licly funded research has thereby been shifted from the
state to the research sector, cf. the Bayh–Dole act in
the US. This has created stronger incentives for uni-
versities to look for commercial applications of their
research. The allocation of ownership and subsequent
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ooy et al., 2004) has pointed to the positive effects
SLs on the research performance of academic res
roups. By obtaining access to state-of-the-art in

rial research, academic research groups may be
ble to focus and shape their own research age
mbedding them better within the relevant R&D co
unity (Debackere and Rappa, 1994). But universities
eed to balance the quest for ISLs with their teac
nd basic research mission.Publicly funded researc
rganizations, especially the specialized organizati
ith an applied research mission, have developed

inkages with the relevant industries almost organic
n many instances, the intensity and the frequenc
hose linkages is often seen as a direct perform
ndicator for those publicly funded research organ
ions.

When considering the science base, our focus
e on the university side. Since science-based i
roceeds from exploitation within the university s
or (i.e. between the institution and the individual
earcher) often remains a more unsettled issue, m
eft to the discretion of the research institute. Althou
lso here, framework conditions and arrangement
e suggested or even imposed by the state. Whil
ffects of the Bayh–Dole act stress the importanc

ntellectual property rights for universities in order
ffective knowledge transfers to occur, there rem

he issue of the effectiveness of intellectual prop
ights and regimes of appropriability for firms to e
age in ISLs (seeDechenaux et al., 2003). Hall et al.
2001)provide qualitative evidence for the US on
ellectual property barriers that inhibit the formation
ublic–private research partnerships.

A major issue that universities face is whether
earchers have sufficientincentivesto disclose thei
nventions and to induce researchers’ cooperatio
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further development following license agreements. Al-
though the Bayh–Dole act stipulates that scientists must
file an invention disclosure, this rule is rarely enforced.
Instead, the university needs to have proper license con-
tracts in place as incentive scheme, specifying a share
for the inventors in royalties or equity. This is studied
in Macho-Stadler et al. (1996)andJensen and Thursby
(2001)for the moral hazard problem relating to inven-
tor cooperation in commercialization and inJensen et
al. (2003a)as far as inventor disclosure is concerned.
Lach and Schankerman (2003)provide strong support
for the importance of inventor royalty sharing rules for
university performance in terms of inventions and li-
cense income. Analyzing panel data on US universities,
they find that private universities with higher inventor
shares have higher licensing incomes, suggesting a Laf-
fer curve effect. The incentive effects seem to work both
at the level of effort and the selection of researchers.

Even when disclosure is stimulated through appro-
priate incentive schemes, not all inventions will be
patented and licensed by the university, which may
have to, or prefer to, “shelve” inventions. This relates to
another problem in the market for technology transfer,
namely theasymmetric informationbetween industry
and science on the value of the innovations. Firms typi-
cally cannot assess the quality of the invention ex ante,
while researchers may find it difficult to assess the com-
mercial profitability of their inventions. This problem is
studied inMacho-Stadler et al. (2004). A partner’s lack
of understanding of the other partner’s culture andcon-
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trative support which allows the researcher to concen-
trate on R&D efforts and knowledge exchange, leaving
most administrative activities associated with transfer
activities (such as legal agreements, financial issues,
etc.) at specialized organizational units. Furthermore,
specialized support should also include the commer-
cialization of R&D results via patenting and licens-
ing where specific legal and marketing know-how is
needed.

Within a decentralized model of technology trans-
fer, creating a specialized and decentralizedtechnology
transfer officewithin the university is instrumental to
secure a sufficient level of autonomy for developing
relations with industry. This provides a better “buffer”
against possible conflicts of interest between the com-
mercialization and the research and teaching activities.
A dedicated transfer unit also allows for specialization
in supporting services, most notably management of in-
tellectual property and business development. A higher
degree of financial and managerial independence fur-
ther facilitates relations with third parties, such as ven-
ture capitalists, investment bankers and patent attor-
neys.

In addition, a TTO can be instrumental in reducing
the asymmetric information problem typically encoun-
tered in the scientific knowledge market. TTOs may
have an incentive to invest in expertise to locate new
inventions and sort profitable from unprofitable ones.
The sunk costs to acquire this expertise can be over-
come if the size of the invention pool is large enough
s ex-
p ork,
w ual-
i
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icting objectivesamong partners may further impe
ood industry science relations, notably the conflic

nterest between the dissemination of the new rese
ndings versus the commercial appropriation of n
nowledge (Siegel et al., 2003b).

Surprisingly little attention has been devoted to
rganizational structureof technology transfer activ

ies within science institutions as a conditioning fac
or ISLs.Bercovitz et al. (2001), using a sample of U
niversities, provide evidence of the importance of
rganizational structure to link with industry within t
niversity to explain the performance achieved in te
f patents, licensing and sponsored research. Un
ities with a high record in ISLs most often appl
ecentralized model of technology transfer, i.e. the
ponsibilities for transfer activities are located clos
esearch groups and individuals. Associated with a
entralized model is the provision of adequate adm
uch that the TTO can exploit economies of sharing
ertise. Using an asymmetric information framew
here firms have incomplete information on the q

ty of inventions,Macho-Stadler et al. (2004)develop a
eputation argument for the TTO. The TTO being a
o pool innovations across research labs, will hav
ncentive to “shelve” some of the projects, thus rais
he buyer’s beliefs on expected quality, which resul
ess but more valuable innovations being sold at hi
rices. However, the TTO will not have enough
entives to maintain a reputation when the strea
nnovations of each research lab is too small an
he university has just a few of them. Their reputa
odel for a TTO is thus able to explain the importa
f a critical size for the TTO in order to be succes
s well as the stylized fact that TTOs may lead to

icensing agreements, but higher income from inn
ion transfers (Siegel et al., 2003a).



326 K. Debackere, R. Veugelers / Research Policy 34 (2005) 321–342

Against the benefits that a TTO can deliver, there is
however the issue of scale as smaller universities often
lack the resources and the technical skills to effectively
support such organizational arrangements and invest-
ments. And, at the same time, a separate unit needs to
be able to maintain close enough relationships with the
researchers in the different departments. A dedicated
TTO needs to assure appropriate incentive mechanisms
with its researchers overcoming moral hazard problems
to ensure generation and disclosure of research projects
(see e.g.Jensen et al., 2003b).

While basic research results can either be chan-
neled to industry via collaborative research schemes
or licensing arrangements of patented university inven-
tions,spinning offis the entrepreneurial route to com-
mercialize public research. The latter attracts a great
deal of policy attention in the current wave of stimu-
lating start-ups and new venture creation processes in
many countries. Assessing the spin-off formation rate
is often seen as a key indicator for the quality of ISLs
(OECD, 2001).

New technology ventures originating at universities
fulfill a bridging function between curiosity-driven
academic research on the one hand and strategy-driven
corporate research on the other hand. These new
ventures have the potential to introduce technological
disequilibria that change the rules of competition in
existing industries. They allow for a multitude of ex-
periments with often-competing “dominant designs”
and “business models”, only a few of which will
u ene
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proached the analysis of spin-offs, as compared to other
start-ups, and within spin-offs, comparing university-
based spin-offs to others (e.g.Franco and Filson, 2000;
Klepper and Sleeper, 2000; Nerkar and Shane, 2003).
This body of literature has provided different predic-
tions about the nature of innovations and new products
introduced by spin-offs (imitation, innovation, differ-
entiation from the parent organizations, etc.), the link-
ages with their parent organizations (competition ver-
sus cooperation), and their post-entry performance. For
instance,Klepper and Sleeper (2000)show that in the
US laser industry, spin-offs have outperformed other
start-ups.

In the literature on start-ups and spin-offs, careful
attempts at matching empirical results and economic
theories are still at a pioneering stage. As a conse-
quence, the motives for spinning-off in innovative,
high-tech industries and the process governing their
formation are still not well understood (Klepper,
2001). Theory has focused on the interactions between
the intellectual property rights regime and the market
for complementary assets that are required to com-
mercialize new technologies (Teece, 1986; Gans and
Stern, 2003). In addition, the nature of technology is
important. General-purpose technologies, with many
potential applications and buyers, are more likely to be
exploited by technology entrepreneurs through coop-
erative arrangements (licensing contracts) with incum-
bents, whereas more specific technologies offer smaller
opportunities for potential entrants. General-purpose
t are,
t dge
a rial
i om-
p

4
I

be-
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ltimately survive. Hence, new ventures are the g
ool from which new industries may emerge in

onger run (Roberts, 1991; Utterback, 1994; Thuro
999). Academic entrepreneurship in biotechnol

s probably the most striking example when it com
o describing these phenomena. Universities can
n important role in this process, as they can b
reeding ground for new venture creation.

However, although significant research efforts h
een devoted to measure technology entrepreneu
e.g.Shane, 2002; Zucker et al., 1998; Bartelsma
l., 2003), these studies have not been very succe

n developing a detailed understanding of the gro
f technology-based new firms (Autio, 2000). The dif-

erences in origin and growth patterns across var
ategories of start-ups as related to the intensity of
inks to scientific activity require further analysis.
ddition, there are few studies that have explicitly
echnologies, such as in biotechnology and softw
hen favor the emergence of a market for knowle
nd a division of labor between entrepreneu

nnovators and established firms endowed with c
lementary assets (Arora et al., 2001; Torrisi, 1998).

. In search of effective practices for improving
SLs

Fuelled by the notion that smooth interaction
ween science and industry becomes more impo
or the success of innovation activities and ultim
conomic growth, the search for good practices in I
as started to receive attention by policy makers, bo

he US and the EU. In this section, we review the m
onclusions from these studies on universities that
o improve their industry link (see e.g.Branscomb e
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al., 1999; Siegel et al., 2001; OECD, 2000; EC, 2002;
Polt, 2001). They relate to an evaluation of both the
knowledge supply and the knowledge transfer capaci-
ties of universities.

In terms of knowledge development, reaching
scientific excellence in research is a necessary first
condition for ISLs. Attractiveness for industrial
partners demands competence at universities both in
short-term oriented R&D and in long-term oriented
strategic research. Developing scientific excellence
requires the presence of the necessary resources related
to personnel qualification and capabilities, as well as
a clear research orientation and research mission of
the university. More particularly, obtaining scientific
excellence in those disciplines that link to science-
based technologies like biotechnology, life sciences,
nanotechnology and ICT, will create a high demand for
ISLs.

The main competitive advantage of universities in
the knowledge market is their competence in generat-
ing new original findings and new approaches to prob-
lem solving. It is highly important that this basic R&D
competence is directly available within the research
group or department that is engaged in joint R&D with
and transfer activities to enterprises. Research units
should be involved both in basic and applied research.
A good research team structure allows exploiting the
complementarity between basic and applied research,
with basic research enhancing the efficiency of applied
research, but also applied research providing positive
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no precondition for successful transfer activities (Polt,
2001).

Universities that are successfully engaged in ISLs
do not solely rely on contract research with industry.
Rather, they show a balanced portfolio of financing by
the government for long-term oriented, fundamental
research combined with industry financing via contract
research and collaborative R&D projects, as well as
with competition-based public financing.

A sufficiently wide portfolio of different ISLs is im-
portant not only from a financial risk and diversifica-
tion point of view, but also in view of the complemen-
tarity between the different modes of ISLs. Patents,
for instance, may become much more important when
viewed not in isolation as a mere source of income
from royalties, but as a negotiation chip in sponsored
research contracts with industry (see e.g.Thursby et al.,
2001). In the mix of ISL mechanisms, contacts and net-
working are key, underscoring the importance of per-
sonnel mobility between industry and science (see also
Van Dierdonck et al., 1990). Also as far as university
spin-offs are concerned, their portfolio of R&D collab-
orative agreements with industry is viewed as a critical
success factor for survival and to secure financing (e.g.
Zucker et al., 1998, in biotechnology).

With respect toorganizational structure, a decen-
tralized model of technology transfer, through a ded-
icated and specialized Technology Transfer Office,
characterizes most of the universities with a high record
in ISLs (seeBercovitz et al., 2001, for the US). Further
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t .
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v iza-
t es.
T nure,
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pillovers for basic research. Teaching and applie
earch may further be mutually reinforcing activit
ith graduates providing the necessary contacts
bsorptive capacity for applied research with indu
nd an applied research profile of the university ac
s an attraction pole for students. A university that
xploit the complementarities between teaching,
ic research and applied research will thus be a s
layer in the knowledge market.

Focusing onknowledge transfer capacities, efforts
o improve ISLs at universities are shown to be e
ially successful when they implement ISLs as a ce
omponent of the institutions’ mission and when t
ake the ISL activities into account in researcher e
ations, providing both individual and organizatio

ncentives. A joint public–private set-up in terms
wnership, funding or the presence of advisory
teering boards also stimulates industry contacts,
vidence from the U.S. in terms of good practices
echnology transfer units is provided inSiegel et al
1999). Based on interviews at five major research
ersities, the authors identify several critical organ
ional factors for university technology transfer offic
he most prominent ones are: adequate faculty te
romotion policies, adequate royalty and equity di
ution systems, as well as the staffing practices w
ransfer offices, requiring a mix of scientists, lawy
nd managers acting within a highly professional
ironment. They furthermore indicate as an impor
kill for technology officers a “boundary spanning”
gatekeeping” role, serving as a bridge between
rms and scientists.

Benchmarking studies within the EU onspecialized
echnology transfer officesdo not provide clear ev
ence on the effectiveness of these intermediarie

heir role in ISLs (Polt, 2001). Many critical succes
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factors for ISLs (e.g. appropriate incentive schemes
and institutional settings, the level and orientation of
R&D activities at both industry and academia, the le-
gal context) cannot be shaped by the intermediaries
themselves. They therefore will often fail to foster ISLs
if other barriers to interaction exist. In the EU, most
intermediary organizations are rather small and they
are therefore often below the necessary critical mass to
stimulate ISLs effectively (Polt, 2001). Nevertheless, at
least some of them seem to be more effective. Factors
that distinguish these units from their less successful
peers are (Polt, 2001):

• their focus on combining basic and applied research
within research teams, regularly auditing the re-
search strategy of the group in order to cope with
changes in economy and society;

• the direct transfer between researchers and industry
(i.e. avoiding intermediaries);

• their day-to-day proximity to the researchers them-
selves;

• their emphasis on building the complementary as-
sets needed for the research groups to be effective in
their ISLs (contract law, intellectual property man-
agement, spin-off development, access to venture
capital, etc.);

• the design of sufficiently attractive individual remu-
neration packages that reward successful transfer ac-
tivities.

An activity profile that specializes on specific
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6 on specific cases, most notably the case of K.U. Leu-
ven R&D, which will be compared to other European
cases in Section7.

The governance structure focuses on an appropriate
organizational structure, processes and context within
the university to channel academic R&D toward
exploitation. An appropriatestructureshould provide
adequately designed incentive and organizational
mechanisms, which translate into effective processes,
i.e. day-to-day operations of knowledge creation
and innovation management within the academic
environment.Processescentral to managing academic
R&D toward commercial exploitation are knowledge
management and new venture creation. But of course,
an appropriate structure needs to be embedded in a sup-
portive context.Contextis related to the institutional
and policy environment, the culture and the history that
has unfolded within the academic institution. It shapes
and configures the norms, values and attitudes of
academic researchers towards combining “curiosity-
driven” research and actively seeking for “market-
relevant” opportunities that originate from this same
research.

In terms ofincentive mechanisms, the management
of intellectual property rights and the evaluation system
are important. Theownership of intellectual property
rightscreates strong incentives for universities to look
for commercial applications of their research. While
ownership of publicly funded research has been shifted
from the state to the research sector, the allocation
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cience-based technologies further characterizes
uccessful units. Furthermore all these successful
re characterized by a strong profile on own comm
ialization avenues through spin-offs, suggesting a
tal role for spin-off activities in successful univers
TOs.

. Assessing university technology transfer
nits as a mechanism to improve ISLs: a
ethodological framework

This section proposes a governance structure
ntegrates the mechanisms found in the various e
ation studies as critical to adequately deal with I

n universities: decentralization, the creation of pro
ncentives and pooling of critical specialized resour
his governance structure will then be tested in Sec
f ownership and the distribution of the proceed
ase of successful exploitation within the research
or (i.e. between the institution and the individual
earcher) is often left to the research organization.
equires an optimization of the coordination cost
anaging, enforcing and exploiting intellectual pr
rty rights. In order to ensure the researchers’ in
sts in and commitments to commercialization, t
hould enjoy a fair share of any resulting lump-s
ayments or royalties. At the same time,evaluations
f researchersshould not be exclusively based on
earch criteria, but should also take into account
xcellence in research and teaching has become, a
artly, more tied to applications in industry.

In terms oforganizational structure, decentraliza
ion is shown to be important. Creating more resp
iveness from universities towards ISLs requires
ublic authorities give universities sufficient autono
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and freedom to develop their research policy and re-
lations with industry. Also inside the university or-
ganization, decentralization is important. Creating a
specialized and decentralized technology transfer of-
fice within the university is instrumental to secure a
sufficient level of autonomy for developing relations
with industry, allowing for specialization in support-
ing services, reducing the transaction costs in scien-
tific knowledge markets. There is of course always the
issue of resources to effectively support such organi-
zational arrangements. And, at the same time, a sep-
arate unit needs to be able to maintain close enough
relationships with the researchers in the different
departments.

Different organizational arrangements within the
university may result in different propensities to engage
in the commercial exploitation of the university’s (ba-
sic) research. If the university opts for an organizational
arrangement known as theprofessional bureaucracy,
marked by traditional faculty and departmental organi-
zational boundaries and structures, one can assume the
university’s commercial orientation to be limited. Ob-
viously, universities that organize their activities solely
along disciplinary lines show little strategic intent to
engage in the commercialization of their research re-
sults.

As the strategic intent to exploit their (basic) re-
search commercially develops and grows, universities
may find their traditional disciplinary boundaries and
departmentalization unfit for setting up linkages with
i tion
t on-
s sole
m in-
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t
r d-
v on-
s lize
a ices.
T onal
s ithin
t ac-
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a l of
t nal
s tion’s
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ten lacks the decentralized approaches and incentive
mechanisms that are required to engage and to involve
the researchers and their groups as active partners in
the exploitation process.

A next step in the evolution towards more profes-
sional ISL development is the creation of amatrix
structurewithin the academic institution. Such a ma-
trix structure allows the research groups to be actively
involved and engaged in the commercial exploitation
of their own research findings. In a matrix structure,
the aforementioned division of research exploitation in-
deed becomes decentralized and integrated within the
research groups themselves. Only a minimal central
technical support infrastructure remains that assists the
decentralized divisional structure(s) with issues like in-
tellectual property management, contract drafting and
negotiation, and aid with business plan development
for spin-off creation. By adopting a matrix structure,
the university assumes a high degree of commercial
orientation since it does not only commit resources
to commercialize (basic) research findings, capitaliz-
ing on scale economies in supporting services, but it
also directly provides incentives to its researchers and
their groups to participate in the process. Indeed, in
such a matrix structure, accountability (both with re-
spect to revenue and expense generation) is located at
the level of the research group, which should act as a
direct incentive for the researchers themselves to ac-
tively manage and grow their portfolio of explorative
and exploitative research activities.
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ndustry. Most often, the second step in the evolu
owards the development of full-fledged ISLs then c
ists in the creation of a divisional structure whose
ission is the exploitation of the know-how and

ellectual property of the university. This approach
en results in the university setting up adivision for
esearch exploitationor a holding structure. The a
antage of this type of set-up is that it clearly dem
trates the intention of the university to commercia
nd to allow economies of scale in supporting serv
he disadvantage, however, is that such a divisi
tructure very often generates new boundaries w
he institution, making a smooth integration of an
ivity portfolio consisting of basic research, educa
nd commercial exploitation of research at the leve

he research groups difficult. In other words, divisio
tructures and set-ups may demonstrate the institu
ntent towards commercial exploitation, though it
. University technology transfer units as a
echanism to improve ISLs: the case of K.U.
euven Research & Development

The technology transfer unit of the K.U. Leuv
.U. Leuven Research & Development, further labe
s LRD, is one of the intermediary institutions ide
ed as best practice in the EU benchmarking exe
Polt, 2001). The next section will detail the conte
tructure and processes that explain the performan
RD. Since the demand and supply for ISLs, as
s the institutional framework shape the prospects

echnology transfer unit to effectively link science a
ndustry, we first briefly sketch the characteristics
he Belgian innovation system in Sections6.1 and 6.2,
efore we zoom in on LRD in Section6.3.
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6.1. The institutional framework for ISLs in
Belgium

The federal-regional political system in Belgium in-
troduces a high level of complexity that impedes the
development of a consistent policy promoting ISLs.
In Belgium, the public promotion of ISLs is therefore
less significant, both in terms of volume and influence
(Polt, 2001). Nevertheless, there are some programs es-
tablished in recent years to stimulate ISLs. The liaison
or interface offices that universities are establishing to
improve their ISLs receive some public support from
the regional governments. Nevertheless, many of these
interfaces are too small to be efficient; LRD being the
notable exception (Polt, 2001).

The legal basis for research contracts between uni-
versities and third parties, articulated by government
Decree in Flanders since 1995, stipulates that all costs
directly linked to the execution of contract research
(namely the use of infrastructure, services or personnel
from the university) are at the expense of the principal
of the contract. It also determines that all research con-
tracts have to be approved by the university adminis-
tration. There are no other regulations for Flemish uni-
versities. So, most of them have their own internal reg-
ulations that arrange and monitor these matters. These
internal regulations determine the minimum overhead
costs that must be applied in these contracts, the method
of payment and the possibility of personal remunera-
tion for researchers.

a
o ns-

fer of research results that can lead to exploitation (in-
cluding patents, licenses and other intellectual property
rights) must be arranged between the university or re-
search center and the principal of the contract. The De-
cree of 1998 determines that the property rights from
research carried out by university researchers belong
to the university. This leaves out the possibility for re-
searchers to obtain the rights to their own research re-
sults, unless the university fails to exploit these results
within a time span of 3 years or rejects the researcher’s
request for filing a patent.

The Decree of 1995 also determines the criteria that
need to be fulfilled before a university can invest in
spin-offs. Financial participation is only possible if the
research results that lead to the creation of a spin-off, as
well as other intangibles, are exploited. The university
can accept shares in exchange for these intangibles, but
it can never own the majority of the voting rights. The
university is further entitled to participate in specialized
venture funds that are created to support this financial
participation.

6.2. The National Innovation System in Belgium

In terms of knowledge production structures rele-
vant for ISLs, Belgium does not belong to the group
of countries, which are considered to be leading the
way, such as Finland, Sweden and the US. Overall,
Belgium’s R&D indicators such as public R&D spend-
ing as a percentage of GDP, are often around the EU
a ,
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ew S&T Ph.D.’s per 000 population aged 25–34b 0.5
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verage (seeTables 1 and 2). As in most countries
he majority of R&D expenditures is accounted for
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Table 2
ISL indicators

BE NL FI FR DE IT SW

Percentage of
innovative firms
indicating high use of
universities as
information source,
1998–2000

4.8 2.1 3.1 2.3 7.1 2.2 24.5

Percentage of
innovative firms
indicating high use of
public research
institutes as
information source,
1998–2000

2.3 3.0 4.1 2.6 2.4 1.7 21.2

Source:Eurostat CIS III survey.

the enterprise sector. Belgium has a less pronounced
high-tech orientation of its industry. It specializes in the
higher segments of medium-tech industries, such as en-
gineering & machinery, chemicals, vehicles, electrical
machinery, metals and commodity materials. It is fair to
characterize the Belgian enterprise sector as being more
oriented towards the rapid adoption of new (process)
technologies, rather than towards the genesis of new
technology breakthroughs. Another possible drawback
in terms of industry structure for fostering ISLs is the
large percentage of affiliates of multinational firms in
the “large enterprise” sector. Although there is a large
share of small to medium sized firms in Belgium, which
is often viewed to hamper ISLs (e.g.Veugelers and
Cassiman, 2003), the small-sized firms seem to be more
innovation active as compared to other EU SMEs.

On the supply side, Belgium has a well performing
science base, at least in terms of the quality of the pub-
lications generated by Belgian scientists (seeTable 1).
Belgium invests a relatively large amount in R&D at
higher education institutions (further abbreviated as
HEIs), most notably in its 17 universities, among which
K.U. Leuven is the largest. Belgian universities are,
more than in most other EU countries, highly depen-
dent on external sources for funding, mostly acquired
on a competitive basis. Public funding for basic re-
search accounts for only one-third of the total R&D
expenditures by universities in Belgium.

Beside the university system, Belgium has several
public (or semi-public) research institutes (PSREs)
w rall,

their significance in the public science sector is limited,
but many PSREs specialize in certain technologies and
establish dense networks to the enterprises in the re-
spective fields of technology. The two most prominent
ones are IMEC in micro- and nanoelectronics and VIB
in biotechnology1.

In line with other EU countries, universities and pub-
lic science institutes are not a major source of informa-
tion for innovating enterprises in Belgium. Neverthe-
less, Belgian innovating firms rely more strongly on
research results achieved at public science institutes,
when compared to other EU member states, as is shown
in Table 2. PSREs are less important compared to uni-
versities, which is surprising, given the specific mission
of most of these institutions, but this can be related
to the highly specific orientation of these institutions
within the Belgian science system as well as to their
rather young age. Similarly, the number of innovating
enterprises that have cooperative agreements with uni-
versities is much higher in Belgium as compared to the
EU average. This holds both across manufacturing and
service sectors and despite a lower presence of Belgian
firms in typical science based industries (seeTable 3).

In Table 4, we report patent grants to Belgian pub-
lic science institutions at the USPTO over the period
1990–2000. More than half of the patents originates
from PSREs, which is not surprising given their spe-
cific mission. Among universities, K.U. Leuven is the
most active in terms of granted patents in the USPTO
system. Similar results, also with higher absolute num-
b . No
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nformation is available on income from royalties
EIs.
In terms of research-based start-ups, Belgium

erforming quite well according to EU standards (
lsoTable 1). According to a study byDegroof et al
2001), the number of spin-off enterprises has increa

1 IMEC, the Interuniversity Microelectronics Center (founde
984 as a spin-off from the Electrotechnical Department of K.U.
en) operates in the field of micro- and nanoelectronics, condu
esearch, promoting technology transfer and stimulating spin
MEC is located on the K.U. Leuven Campus. VIB’s (founded
995), Flanders Interuniversity Institute for Biotechnology mis

s to promote biotechnology in a broad sense (research and de
ent, technology transfer including stimulating spin-offs, and pu

wareness of biotechnology). VIB combines eight university de
ents and five associated laboratories. K.U. Leuven is one o

ounding members.
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Table 3
ISLs in Belgium

Indicator Belgium EU

Cooperation in innovation projects
Innovative manufacturing enterprises co-operating with HEIs in % 13.4 9.7
Innovative manufacturing enterprises co-operating with PSREs in % 8.5 8.3
Innovative service enterprises co-operating with HEIs in % 15.3 6.4
Innovative service enterprises co-operating with PSREs in % 5.9 7.0

Science as an information source for innovation
HEIs used as information source by innovative manufacturing enterprise in % 6.7 4.2
PSREs used as information source by innovative manufacturing enterprise in % 4.8 2.6
Conferences, meetings and publications used as information source by innovative manufacturing enterprise 5.4 7.6
HEIs used as information source by innovative service enterprise in % 2.0 4.4
PSREs used as information source by innovative service enterprise in % 2.7 3.2
Conferences, meetings and publications used as information source by innovative service enterprise 13.7 15.3

Source:Newcronos, CISII, 1996.

exponentially in Flanders since the mid-1990s. The in-
crease in number of spin-offs can be accounted for by
the interplay of several factors, including the presence
of pre-seed capital funds, as well as some successful
and visible IPOs in the mid and late-1990s. Also, the
development of university interface services and the
creation of Business Angel networks have helped in
creating a spin-off culture. Finally, changes in the Bel-
gian legislative framework made it easier and less am-
biguous to start-up companies for academics.

6.3. K.U. Leuven: ISLs as a mission

Founded in 1425, the K.U. Leuven is the oldest and
largest university in Flanders and Belgium, encompass-
ing all academic disciplines. It has the legal status of a
private institution, but receives 85% of its funding from
the Belgian Government, both in a direct and in an in-
direct competitive way. More than 1400 tenured pro-
fessors and 3500 researchers are currently employed

Table 4
Number of patents granted by the USPTO to different Belgian non-
market institutions between 1990 and 2000

Name of institution Number of
patent grants

Interuniversitair Microelektronica
Centrum (IMEC)

107

Subtotal Belgian Public Research
Institutions

132

K.U. Leuven R&D 51
S
T

at K.U. Leuven, dealing with a student population of
more than 25,000 students each year. The mission state-
ment of the K.U. Leuven stresses three basic activities.
The university ensures the intergenerational transfer of
knowledge from generation to generation through its
teaching activities, it performs fundamental research,
and it provides services to the community by making
its inventions and knowledge available to society and
to companies. “As a university, it is an academic insti-
tution where research and knowledge transfer are both
essential and complementary” (K.U. Leuven, Mission
Statement, 2002).

The research and knowledge transfer mission have
been promoted and supported by two specialized units.
The Research Coordination Office deals with basic re-
search: designing the basic science policy of the uni-
versity, allocating intra-university research funding and
research evaluation. The technology transfer mission
deals with contract research, patents, spin-offs and re-
search parks and is organized via K.U. Leuven Re-
search and Development (LRD). The total research
budget of K.U. Leuven amounted toD 190 million
in 2003 of which 24% (D 46 million) was derived via
LRD. Of this total research budget, 55% supports re-
search in exact sciences, 25% in biomedical sciences
and 20% in humanities and social sciences.

K.U. Leuven’s research efforts and output have
increased considerably over the past decade, both
quantitatively and qualitatively, thus positioning
the institution at the productive end of European
u ons
i tific
ubtotal Belgian Universities 94
otal Belgian USPTO patent grants 232
niversities. It recorded a total of 3126 publicati
n international peer-reviewed ISI-recorded scien
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journals (Science Citation Index) in 2003. A total of
15% of these publications where in journals with an
impact factor in excess of 4. The spearhead expertise
of its researchers thus is the foundation for successful
collaboration. The following domains are specific
areas of excellence: Biotechnology, Electronics & Me-
chanical Engineering, Environment, Food Sciences &
Technology, Medicine & Medical Research, European
Integration and Materials Sciences & Technology.

6.4. K.U. Leuven Research& Development:
generating economic progress through academic
R&D

Being embedded in the largest university in the Bel-
gian Innovation System, K.U. Leuven Research & De-
velopment (LRD) was founded in 1972 to manage the
industry component of the university’s R&D portfolio.
What started as a minor fraction of the total university
R&D activity has, over the past 31 years, grown into a
significant portion of the university’s total R&D portfo-
lio and employing 26 support staff professionals. It has
evolved from a specialized division towards a matrix
structure, operating via a number of specialized sup-
porting services closely integrated with the research
groups. In line withRoberts’ (1991)and Thurow’s
(1999)insights on wealth creation through technology
entrepreneurship, LRD has stimulated the exploitation
of the university’s research through a rich mix of mech-
anisms stimulating entrepreneurial behavior within its
m
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entrepreneurship as a complement to the more tradi-
tional and established processes of industrial innova-
tion. Hence, time and history are an integral part of the
context that enables LRD to leverage the management
and transfer of academic R&D at K.U. Leuven.

From its start, LRD has received a large amount of
budgetary and human resource managementautonomy
within the university. This implies that LRD, although
being fully integrated within the university manages
its own budgets as well as the research personnel em-
ployed on those budgets. From an incentive point of
view, creating a context with such high levels of bud-
getary and human resource autonomy is critical, since
this allows for flexibility and degrees of freedom to op-
erate that are often lacking within the “traditional” uni-
versity administration. It allows the groups to actively
manage their laboratory space and infrastructure. This
autonomy, although highly necessary, also introduces
a “creative tension” within the university itself. LRD
indeed operates at the crossroads of academic and busi-
ness value systems.

The context of autonomy to develop ISLs has to
be embedded in a properorganizationalapproach. To
this end, LRD introduced the organizational concept
of the “research division”. Researchers belonging to
different departments at the university, even belonging
to different faculties, can decide to join forces and to
integrate the commercial-industrial component of their
knowledge portfolio in a research division at LRD. As a
consequence, the research division concept introduces
a in
t ith-
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.4.1. The institutional framework of LRD
The fact that LRD has a history of 31 years is

nimportant. This “long” history implies that, by no
everal generations of faculty and researchers hav
eloped and built their careers alongside the presen
and often based on – active interaction with LRD
consequence, the “contextual” impact of thehistoric
mbeddednessof LRD within the university is not to b
nderestimated. This historic presence is perhap
ingle most important learning effect that has occu
ithin the university as to academic involvemen

he processes of knowledge transfer for industrial
ntrepreneurial innovation. It has enabled several
rations of faculty and staff to become acquainted

ndustrial innovation; to understand its strengths
eaknesses; and to evaluate the benefits of acad
“de facto” interdisciplinary matrix structure with
he university. This, of course, does not happen w
ut any tensions given the “professional bureaucra

hat universities normally are. Today there exist 46 d
ions, supported by about 220 faculty members and
loying about 600 researchers and support staff,

ered across the various faculties and departments
niversity. It is obvious that not all faculties are equ
epresented and involved. The majority of LRD act
ies stems from the divisions belonging to the engin
ng (54%), biomedical (24%), biosciences (9%) and
ciences (7%) faculty. The humanities and social
nces are underrepresented, although their activitie
RD have been increasing over the last 5-year pe

To ensure close contacts between LRD and th
earch groups, a group ofinnovation coordinatorsis
stablished. The innovation coordinators are pai
RD on a part-time basis (on average 20% of t



334 K. Debackere, R. Veugelers / Research Policy 34 (2005) 321–342

salary) to act as a permanent liaison officer between
LRD and its divisions. The rest of their time is spent
as a researcher or junior faculty member within one of
the LRD divisions.

Whereas theincentive systemwithin the depart-
ments and faculties is promotion along the academic
ladder, mainly based on the assessment of research
quality and teaching ability, the LRD divisions have de-
veloped an incentive system that is based on budgetary
flexibility and financial autonomy. LRD divisions en-
joy complete autonomy as to balancing revenue and ex-
penses from their ISL activities. In other words, LRD
divisions are entitled to accumulate financial reserves
based on the benefits they generate via ISLs. This is
quite a unique situation, as most universities tend to
centralize the profits generated via ISLs. The decentral-
ized “modus operandi” that exists within LRD there-
fore acts as an incentive mechanism in and off itself.
LRD divisions furthermore are entitled to participate
both intellectually and financially in the spin-off com-
panies that they have grown and developed. Finally,
besides the aforementioned financial incentive mecha-
nism at the level of the research division, incentives are
given to individual researchers as well. Three types of
incentive mechanisms at the individual level exist. First
of all, researchers are entitled to salary supplements
based on the net proceeds from their contract research
and consultancy activities. Second, in case of lump sum
and royalty payments proceeding from licensing agree-
ments, individual researchers are entitled to receive up
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is the basis of the university’s approach towards man-
aging academic science and technology towards com-
mercial exploitation. This is in line with the model de-
scribed in Section5 of this paper. In addition, the dual
incentive mechanism is at the core of a management
process that enables the university to maintain a bal-
ance and a healthy tension between striving for scien-
tific excellence on the one hand, and translating this
excellence towards application and innovation on the
other hand.

6.4.2. The activity profile of LRD
A distinct feature of LRD is the broad scope of its

activity portfolio. Over time, LRD has developed three
major activity poles that underpin its role in manag-
ing academic R&D as a business. Within its matrix
structure, these central activities concentrate on con-
tract drafting and negotiations, intellectual property
management and business plan development. The first,
and historically the oldest one, is thecontract research
pole. Over the years, LRD has grown to provide almost
a quarter of the university’s R&D budget via contract
research activities. As will further become clear, those
contract research activities have now reached signifi-
cant levels both in terms of the volume and in terms
of the quality of the work performed. LRD has devel-
oped and implemented the necessary processes for fi-
nancial and personnel management that should support
these activities. Also, the legal and intellectual property
mechanisms that should underpin these activities are in
p ists
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een recuperated). Third, in case of spin-off crea

ndividual researchers can receive up to 40% of th
ellectual property shares (i.e. the IP stock or foun
hares) in exchange for the input of their know-how
oodwill. If they wish, they can also invest financia

n the spin-off and will hence obtain a pro rata shar
he common stock (capital shares) of the compan

This system thus implies that the university
reated amatrix structure: research excellence pr
ails along the hierarchical lines of the faculties
heir respective departments, whereas excellenc
ntrepreneurial and industrial innovation is rewar
long the lines of the LRD divisions. This structu
ith sufficient degrees of coordination between a
emic research and innovation, as well as guara

ng sufficient autonomy to the faculty and staff enga
n entrepreneurial and industrial innovation activit
lace. A central LRD staff of 26 professionals ass
he research groups with these activities.

The second activity pole consists of managing
niversity’sintellectual property portfolio. This activ-

ty was first formally started in 1999 (although it exis
rganically well before that date), with the creation
n internal intellectual property liaison office and
stablishment of a network of formal collaboratio
ith different European patent attorneys. Internal
edures and the necessary information infrastru
ere created to support this activity. Finally, a pa

und was established to help research groups c
he initial costs and expenses related to their pate
eeds. End of 2003, there was an active portfolio of
atents (including both granted patents and pendin
lications). Given the differences between the na
nd aims of academic versus industrial patent po

ios, the first criterion deployed by LRD in generat
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and developing the university’s knowledge portfolio is
“selectivity”. The interest is not so much in generating
a large portfolio of patents as in developing a valuable
portfolio of patents. A full-time, in-house staff of 4.5
professionals (three of them holding Ph.D. degrees),
complemented by long-term collaborations with a ma-
jor patent attorney, supports this activity.

The third activity pole concerns the transfer of
knowledge via the creation ofspin-offcompanies. Here,
LRD has developed the necessary mechanisms and pro-
cesses that assist in business development and raising
venture capital.

The university, in partnership with two major Bel-
gian banks, created its own seed capital fund in 1997,
i.e. the Gemma Frisius–Fonds, which has access toD
12.5 million in seed capital to fund start-up companies
that exploit university-based know-how. By the end of
2001, Gemma Frisius had investedD 8.8 million in
15 spin-off companies. In July 2002, Gemma Frisius
II was created with the same partners, pursuing similar
opportunities as its predecessor fund, operating accord-
ing to the same investment policies and principles. The
first fund at present only does follow-on investments in
its established portfolio. Both funds are 10-year closed-
end funds that operate according to standard venture
capital market principles. There is however no sepa-
rate Investment Company as LRD together with two
investment managers from both banking partners con-
stitute the investment committee of Gemma Frisius.
This investment committee does the day-to-day man-
a ns to
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In addition two science parks are available in the
close vicinity of the K.U. Leuven that are open to new
innovative companies. These parks not only house spin-
offs of the university and other research institutions,
but also the R&D departments of existing companies.
A third science park is still available for development,
in close collaboration with the City of Leuven and the
Economic Development Agency of the Province.

6.4.3. Finding the right mix of mechanisms:
structure meets process

Even with several generations of academic re-
searchers involved in knowledge transfer, a university
still has to find and balance the right mix of transfer
and innovation processes in order to be performing.
The following processes can be seen as critical in the
success of LRD.

(1) The system to manage and monitor contract re-
search includes the necessary know-how and pro-
cesses for legal, financial and human resources
management as to the volume of research contracts
generated via LRD. A central staff of 26 collabo-
rators, assisted by innovation coordinators in the
divisions, has grown in expertise and experience
over time, supported by appropriate processes to
support the activities of the innovation coordina-
tors and to generate trust with the faculty and the
researchers they are serving, such as innovation
coordinator meetings and proper training for inno-
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gement of the Fund and proposes major decisio
he Board of the Fund. The Board of the universit
t all times informed on the investment policy and
tatutory rights to intervene in case the Fund wo
iolate basic university policy or the rules set by
overnment Decree. Both versions of the Gemma
ius Fund have the same shareholder structure:
anking partner owns 40% of the shares, LRD o

he remaining 20%.
In order to assist the start-up entrepreneur, LRD

as access to an “Innovation & Incubation Cen
hat is jointly owned and operated by the univer
nd the local regional development agency. Acc
odation and managerial support for its spin-off
rovided through this “Innovation & Incubation Ce

er”, which is located on the Campus and as such
otes close proximity with university laboratories a

esearch units.
vation coordinators.
2) An active knowledge management policy, incl

ing a patent fund and an intellectual property a
sory group, has been established. The patent
has been created to support financially those
sions that lack the means to set up their own pa
portfolio. As stated before, the core criterion is
of selectivity in admitting new cases to the univ
sity’s patent portfolio. To this end, the necess
mechanisms, tools and processes have been
ated to screen for novelty and inventiveness, t
a quick scan of the know-how’s economic poten
and to eventually assist the research groups in
ing the patent and its claim structure. Once ag
a lot of attention is paid to train and to educ
researchers all over the university so that they
come acquainted with the many intricacies of
process of managing their knowledge portfolio
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(3) A venture fund has been created (see above),
including an advisory group, to assist academic
entrepreneurs in creating their enterprise, taking
into account up-to-date principles and best prac-
tices on corporate governance. A major focus of
the LRD venture unit is to assist the entrepreneurs,
first in developing their business plan, then into
turning the business plan into a solid business
model. Finding a proper funding structure, as well
as the right management team, figures high on the
agenda of the LRD venture unit.

(4) Finally, in 1999, Leuven Inc. was established
which acts as a network organization bringing
together “like-minded people” from academic
research groups, entrepreneurial start-ups, sup-
porting services such as consultancy and venture
capital, and established companies in the Leuven
area. The aim of Leuven Inc. is to support and to
stimulate the exchange of business experiences
between its members. To this end, events, oppor-
tunities for informal networking, information and
training sessions are continuously being organized
and generated. Leuven Inc. has close ties to the
Cambridge Network.

6.4.4. The performance profile of LRD
This mix of structure, context and processes has

enabled the university to generate an increasing flux
of knowledge transfer contracts, patents, know-how
licenses and spin-offs. By the end of 2003, annual
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state of 3–6 new spin-off creations per year for the com-
ing 5 years at least. By the end of 2003, these spin-offs
generated a turnover ofD 400 million and employed
over 2000 people. Two spin-offs have realized a suc-
cessful IPO on Nasdaq and Easdaq. There have been
six failures. However, as the companies all exploit uni-
versity technology (and thus engage in active knowl-
edge transfer from the university to the company), the
highest failure rate occurs during the phase of spin-off
creation. About two-thirds of the projects never makes
it to the actual stage of spin-off incorporation.

To conclude, more profound analyses of the per-
formance and activities of the research divisions
show:

(1) Over the years, only 10% of the LRD activities, in
which the LRD research divisions are engaged, can
be labeled as consulting or routine analyses. The
bulk of the contractual LRD activities have evolved
towards applied research and knowledge develop-
ment for industrial purposes. In other words, over
the years, the LRD divisions have not only grown
with respect to the volume of their contract re-
search activities, but they have also maintained a
high standard of quality as far as the content of
their LRD activities is concerned.

(2) In addition, the bibliometric performance of the
research divisions is strongly correlated with the
(monetary) volume of the industrial innovation
activities in which they are involved via LRD,
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mounts of contract research activities are abouD
0 million and patent income is steadily on the r

n 2003, the patent income of K.U. Leuven pate
mounted toD 6 million (seeTable 5 for a com-
arison based on European patent applications
rants).

By the end of 2003, the university had genera
0 spin-off companies, with a portfolio of 54 sp
ff companies still active today. They are distribu
cross a wide variety of knowledge domains, ran

rom mechanical and electrical engineering to bio-
ife sciences. Their product-markets are as divers
utomotive, Internet security, 3D modeling, rapid p

otyping, stress management and tissue engineeri
ig. 1, we provide an overview of the evolution in t
niversity’s spin-off portfolio.

When taking into account the structure of the pre
pin-off “deal-flow”, it is expected to result in a stea
thus further corroborating the complementarity
tween basic and applied research and the rem
on both volume and quality of the LRD activiti
mentioned supra.

3) Finally, the top-performers in terms of acade
research and industrial contract volumes also
to be amongst the top-generators of new tech
ogy ventures, further supporting the importanc
a broad scope of complementary activities in
activity profile of a technology transfer unit.

. Comparing K.U. Leuven R&D to other
uropean universities

The specific structures and incentives describe
.U. Leuven R&D are not unique. A survey of 11 oth
uropean Universities (Karolinska Institute in Swed
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Table 5
Patent performance compared, EPO patent grants and applications, period 1990–2001, for Public Research Organizations in EU (threshold set
at 50 patents)

Name of assignee CNT EPO Patents

Commissariat̀a l’Energie Atomique (C.E.A.) FR >2000
Institut Franc¸ais du Petrole FR 1000–1999
Centre National de la Recherche Scientifique (CNRS) FR 1000–1999
Socíet́e Nationale d’Etude et de Construction de Moteurs d’Aviation

(S.N.E.C.M.A.)
FR 500–999

UK—Secretary of State for Defence GB 500–999
Etat Franc¸ais FR 500–999
Institut National de la Sante et de la Recherche Medicale (INSERM) FR 250–499
Institut Pasteur FR 250–499
Institut National de la Recherche Agronomique (I.N.R.A.) FR 250–499
Interuniversitair Microelektronica Centrum (IMEC, vzw) BE 250–499
UK—Atomic Energy Authority GB 250–499
C.N.R. IT 100–249
Deutsches Krebsforschungszentrum DE 100–249
MRC—Medical Research Council GB 100–249
TNO NL 100–249
EURATOM LU 100–249
Societe Nationale des Poudres et Explosifs (S.N.P.E.) FR 100–249
Centre National d’Etudes Spatiales (CNES) FR 100–249
Office National d’Etudes et de Recherche Aerospatiales (ONERA) FR 100–249
M.U.R.S.T. IT 100–249
K.U. Leuven R&D BE 100–249
VTT FI 100–249
University of Manchester GB 100–249
Centre de Recherches Metallurgiques (CRM) BE 100–249
Agence Nationale de la Valorisation de la Recherche (ANVAR) FR 100–249
Institut de Recherches de la Siderurgie Francaise (IRSID) FR 100–249
Societe de Conseils de Recherches et d’Applications Scientifiques (S.C.R.A.S.) FR 100–249
University College London GB 50–99
European Community LU 50–99
Universiteit Leiden NL 50–99
University of Strathclyde GB 50–99
University of Southampton GB 50–99
Institut Textile de France-Centre Technique Industriel FR 50–99
Consejo Superior de Investigaciones Cientificas (CSIC) ES 50–99
E.N.E.A. IT 50–99
Imperial College London GB 50–99
Association pour la Recherche et le Développement des Ḿethodes et Processus

Industriels (A.R.M.I.N.E.S.)
FR 50–99

Agence Spatiale Européenne FR 50–99
Universite Paris VI (Pierre et Marie Curie) FR 50–99
University of Bristol GB 50–99
University of Sheffield GB 50–99
Universiteit Groningen NL 50–99
Universiteit Gent BE 50–99
UK—Minister for Agriculture Fisheries and Food GB 50–99
Laboratoires d’Electronique et de Physique Appliquée NL 50–99
University of Birmingham GB 50–99
Slagteriernes Forskningsinstitut DK 50–99
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Fig. 1. Evolution of K.U. Leuven R&D spin-off portfolio.

the Universities of Oxford, Cambridge and Edinburgh
in the UK, the University of Leiden in the Netherlands,
the University of Geneva in Switzerland and Univer-
sité Louis Pasteur in Strasbourg, University of Heidel-
berg and M̈unich in Germany, University of Helsinki in
Finland and University of Milan in Italy), all members
of the League of European Research intensive Univer-
sities (LERU), shows high levels of similarity in the
approaches adopted towards managing ISLs as well
as to the incentives provided at the respective institu-
tions. It is obvious that the level of maturity with TTO
structures and ISLs can differ amongst the institutions
surveyed. However, the basis approaches and tenets are
quite similar. More specifically:

• The universities surveyed consider the exploitation
of research activities as an explicit mission of their
institution. However, there is quite some variability
as to the current stage of development of the ex-
ploitation activity at the various institutions. Some
universities have a long-standing experience in the
field of technology transfer, with a well-developed
structure and team to conduct those activities, while
other institutions (most notably in Germany and
Finland, because of the specific intellectual property
arrangements) only recently started structuring their
technology transfer activity. The objectives and
the (emerging or established) activity portfolio of
exploitation activities (i.e. a mix and a balance

of contract research, licensing and intellectual
property management and spin-off creation) are
highly similar, though.

• There is quite some variation as to the intellectual
property ownership regimes in the various countries
represented amongst the group of universities sur-
veyed. Some countries have quite well-established
guidelines and rules as to the ownership of inventions
residing with the institution, while other countries
have the ownership rights and titles residing with
the inventor/researcher (e.g. till recently Germany
and still in Sweden and Finland). The variation in
ownership regimes inevitably leads to variations
in intellectual property management practices and
TTO-organization at the respective institutions. In
some cases (Germany, for instance), IP policies
of the institutions are organized at a centralized,
regional level rather than at an institutional level.

• All universities surveyed recognize the need to
support the mix of activities that is also present
at LRD. ISLs, intellectual property management
and spin-off creation generate important spillovers
amongst them. Therefore, every university surveyed
combines the three activities in its TTO structure.

• Each university also recognizes the need to de-
centralize its TTO structure, stimulating frequent
interactions with the research groups and with large
levels of delegated decision power towards the TTO
as it comes to decision-making with the research
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groups on what to exploit under what conditions
using which mechanisms.

• Each university has a well-established incentive
policy towards its researchers that is comparable to
the one described at LRD. The incentives, financial
and administrative, occur both at the level of the
individual researchers involved in exploitation of
research as well as at the level of the research groups
involved.

• Each TTO manages a patent portfolio in a way
comparable to LRD. The number of spin-offs varies
amongst the universities surveyed, over the last 10
years. Both patents and spin-offs are clearly on the
rise as to their frequency of occurrence.

8. Conclusion

Building on the insights from the scientific literature
on the barriers in the scientific knowledge markets, and
the policy oriented literature on best practices in ISLs,
we have discussed the context, the structure and the pro-
cesses that universities can use to become active play-
ers in the scientific knowledge market, managing and
applying academic science, technology and innovation
from an exploitation perspective. This framework was
reviewed on a sample of European research universi-
ties, and analyzed in more detail for the case of K.U.
Leuven.
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and the proceeds from their transfer activities), is a
critical success factor. As the exploitation of research
findings requires extra efforts and risk-taking on be-
half of the academic researchers themselves, these ef-
forts should be recognized and rewarded properly. This
has led to schemes where researchers and their groups
can, for instance, appropriate a significant portion of
the royalty streams that are generated on the basis of
their inventions. Or, still, it has stimulated the liaison
or interface office to elaborate schemes in which re-
searchers and the groups with which they are affiliated
receive a significant portion of the shares in a start-
up company based on the findings of their research.
Also, academic authorities should accept that this ap-
proach can only succeed with adecentralized manage-
mentstyle within their institution. Decentralization im-
plies sufficient freedom to engage and to operate for the
researchers and their groups whenever transfer oppor-
tunities occur. Decentralization also implies that the re-
search groups are pivotal in deciding how the proceeds
from their exploitation activities will be used. Finally,
decentralization also stimulates the research groups to
compete with their findings and results in the market
for exploitation and innovation.

As this transformation from mere awareness to
hands-on implementation occurs, universities further
have to play an active role in shaping their internal in-
stitutional contexts and structures to enhance and fos-
ter ISLs. More specifically, they should provide the
interface or liaison units with the necessary auton-
o l. As
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nstitutional context in which universities are emb
ed.Transparent and unambiguous regulationswith
espect to ownership titles and property rights ar
mportant element in this respect. In addition, tim
n important factor in shaping the “right” culture
ffective technology transfer and learning as to ho
ptimize the various transfer mechanisms and m

oring processes through experimentation.
An appropriate context is needed to transform

wareness of the university’s potential contributio
nnovation into an appropriate and acceptable stru
nd processes within the university itself that allow
ontribution to be effectively implemented. Creat
he appropriate mix ofincentive mechanisms, targeted
o the research groups as well as to the individua
earchers (allowing them to participate in the rew
my and incentives to become more professiona
e have discussed in this paper, this professiona

ion should be accompanied by the necessary struc
rrangements within the university. A matrix str

ure, integrating but yet differentiating exploitation a
uriosity-driven academic exploration, through a
ork of research divisions and coordinators, was
ented as a good structure that allows a universi
erform well along both the dimension of scientific
ention as well as the dimension of technoscien
nnovation.

Finally, these structural arrangements should
omplemented with the necessary processes at the
f the interface or liaison unit. First, a well-balanc
rocess to manage and to monitor contract resear

he area of industrial innovation is a critical issue. T
ncludes the necessary know-how and processes f
al, financial and human resources management i
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pertaining to the volume of research contracts gener-
ated via the liaison office. A central staff of profession-
als has to support this process. Appropriate coordina-
tion processes with the research groups, such as inno-
vation meetings and proper training for researchers to
be effective in technology transfer, have to be in place.
Second, an active knowledge management policy, in-
cluding a patent funding mechanism and professional
intellectual property management, is yet another ele-
ment in the day-to-day operational processes of the li-
aison unit. This set-up gains in expertise and experience
as more cases are developed and managed. Once again,
a lot of attention should be paid to train and to educate
researchers across the university so that they become
acquainted with the many intricacies of the process of
managing their knowledge portfolios. Third, the avail-
ability of and the access to seed funding is highly de-
sired, including a process to monitor the transition from
invention to business plan to company start-up, so as
to assist academic entrepreneurs in creating their en-
terprise, taking into account up-to-date principles and
best practices on corporate governance. A major focus
of the venture unit of a liaison office is to assist the
entrepreneurs, first in coaching them to develop their
business plan, then into growing the business plan into
a solid business model. Finding a proper funding struc-
ture, as well as the right management team, figures high
on the agenda of such a venture unit. To further assist
the start-up entrepreneur, access to the physical infras-
tructure of an Incubation Center proves to be an asset.
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acts of “doing”. This duality (or paradox) may there-
fore well be at the heart of the evolving concept of
knowledge management at the university.
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