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INTRODUCTION

Universities have historically been a source of funda-
mental knowledge, and the premier source of technolo-
gies that have found innumerable applications (in the
economy, in the military, in health care, etc.) that have
shaped the trajectory, the direction and the nature of
social and economic development. The contribution of
universities towards the economic fabric of a region,
nation or supranational entity is manifold, and is recog-
nised as essential to the creation of wealth. It is because
of that recognition that there has been a growing need
to understand in what ways knowledge created at the
universities is transferred and it impacts upon society at
large. Knowledge can take many forms, and the resources
devoted to knowledge creation can themselves be allo-
cated to different levels and degrees of activities related
to that endeavour. However, resources are scarce and
resource allocation to knowledge must be essentially of
along- range perspective. The distribution of resources
in terms of short-range and long-range investment in
knowledge is inextricably linked to the phenomena of
university-industry relations. Many initiatives fostering
linkages between universities and industry, with a view
to increase or facilitate rates of technology transfer,
implemented innovation and economic development.
However, the contexts in which these relations occur
vary broadly and presently, because resources for invest-
mentinknowledge creation are scarce and differentiated
there is a need for a comprehensive understanding of
the variety of initiatives and relationships that exist, and
the need for a deeper conceptualization of the forms,
configurations, roles and expectations that shape and
define existing relationships.

TRENDS IN UNIVERSITY-INDUSTRY
RELATIONS

Relations between university and industry are not new
and they have changed with the evolution of the uni-
versity itself, the evolution of industry and the policy

initiatives and objectives surrounding the university
institution. The origins of the modern research university,
as we know it today, can be traced back to the second
half of the nineteenth century, whereby the main values
that described the institution were: 1) the production of
knowledge for its own sake; 2) the preparation for pro-
fessional careers; 3) a structure based on well-defined
disciplines and 4) an articulate organisation and a legal
status (Geuna, 1999). The university was already seen
as a national institution and its mission was related to
the development of the nation-state. Explicit orienta-
tion to the needs of the local or regional economy was
stronger in the United States universities than in the
European ones, where research “for its own sake” was
the predominant approach. During the 20" century,
institutional diversification and expansion gave birth
to a set of “higher education” institutions that had a
diverse approach as it concerned relations with industry
or local economic needs and/or emphasis on “pure”
research. After the 2" world war, the role of science
and technology in terms of its direct applicability to
economic development was firmly established among
the western nations, although a linear perspective of
the innovation process persisted. Governments diverted
huge resources to research and development (not only
to universities but also to other public agents) in the
belief that such an investment, through a “pipeline”
mechanism, would be transfigured into new processes
and products and ultimately in increased wealth. More
recently, several factors have transformed the way the
university approaches its relations with industry. The
perception that the innovation process is not a linear
one and that the activities of basic research and devel-
opment have and need innumerable connections, the
increasing complexity of science and technology and
the associated uncertainty and risks in the development
of new products and processes, and the proliferation of
public and private actors that are engaged in research
and development activities, has put new demands and
pressures on the university system.

Increasing connections between academia and in-
dustry are visible in several indicators. Statistics on the
percentage of the total expenditure on R&D performed
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by the Higher Education sector that is financed by the
Business sector (OECD, 2003), including the EU15
countries plus Canada, Japan and USA, show a per-
centage of 2.2% in 1981 and a percentage of 5.5% in
2001. There is a wide diversity between countries, and
the percentages vary from 1% to 13%. The USA is in
the middle of the league. During the 1980 decade, there
was a very rapid rate of increase (averaging 15% per
year) and during the 1990s and 2001, the rising trend
persisted but at a slower and declining rate (about 4.5%
per year). The pattern of growth during the first period
was probably related to the spread of policy initiatives
that supported increasing university-industry relations,
whereas the pattern of growth during the last period was
tentatively related to natural constrains or opportunities
thatlimitthe usefulness and growth of UIR. The ensuing
discussion will elaborate further on that aspect.

According to recent data (OECD, 2000) both the
relative and the absolute number of publications co-
authored by industry and university researchers are
also increasing.

The number of scientific papers that is cited by
patents is also increasing, showing the impact that
academic research is having on industrial inventive
activity. Technological innovation makes increasing
use of academic research output but the intensity and
the degree of connection seems subject to considerable
variability across fields.

The number of firms that are created based on uni-
versity research (spin-off firms) is also growing, and
varies wildly across countries, both in absolute (number
of spin-offs per year) and relative terms (number of
spin-offs per research expenditure).

UNIVERSITY-INDUSTRY RELATIONS
AND SOCIAL NETWORK THEORIES

The advantages of having relationships with a wide-
variety of actors in diverse institutional settings have
long attracted the attention of scholars (Freeman, 2004).
There are a few sociological concepts that help explain
the mechanisms of information diffusion and knowledge
exchange within or across networks, one of which is the
concept of strong and weak ties (Granovetter, 1973).
A strong tie represents a person with whom there is a
regular interaction, and a weak tie represents a person
with whom there are sporadic or punctual contacts. The
source of much ofnew information thata personreceives

comes from weak ties, while strong ties are important in
terms of day-to-day social interaction and support. Weak
ties are the source of new ideas or new perspectives at
looking at old problems. Strong ties are relevant in the
exchange of complex information and conducive to
the exchange of detailed and thick information (Ahuja,
2000). Applying these concepts to UIR, we can con-
sider that researchers in academia are in a day-by-day
basis in contact with their peers, their colleagues, with
whom they share and construct complex information,
but based on common beliefs and common approaches
to solve problems (strong ties). The same can be said
of researchers in an industrial setting. Complex and
detailed information concerning that setting is shared
between colleagues and co-workers, but it is common
that a unique problem-solving paradigmatic approach
prevails among the group. If a relationship is formed
between a member of this group and a member of the
academic group (weak tie), there is a high probability
that new and fresh insights into old problems may oc-
cur, because of the different intellectual trajectories,
constructs and perspectives that each individual brings
with them. New possible knowledge combinations,
otherwise difficult to obtain if the individuals were kept
apart, can result from that interaction, and this applies
to both sides of the relation.

Another conceptual perspective is the distinction
between networks as bridges and networks as structural
holes (Burt, 1992). Elements of a network may connect
differently and with different persons. Ifa person knows
another personinanetwork buta third person only knows
the second, there is a not-yet-realised potential of con-
nection between this last person and the first one. This
configuration was defined by Burt as a structural hole,
meaning the connection potential between elements or
groups of elements that are not connected. There are
elements that are better positioned than other to bridge
and broker these gaps in the structure of the network,
either to their own advantage or based on mediation
and arbitration (Obstfeld, 2005).

This discussion highlights the advantages of uni-
versity-industry relations (UIR), in terms of opening
new avenues of research for members of academia and
industry. Researchers in industry and researchers in
academiahave very different perspectives, experiences,
and sensibilities and, in this sense, the two communi-
ties have inherent knowledge production advantages
by creating communication channels and patterns of
cooperation.
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UNIVERSITY-INDUSTRY RELATIONS
AND ECONOMIC THEORIES OF
INNOVATION

The discussion concerning UIR is related to the quest
for optimal allocation of resources for knowledge pro-
duction between public (e.g., universities) and private
institutions (e.g., firms). In terms of economic theory, the
concern is to maximise the social returns of that invest-
ment distribution. The discussion is complicated by the
factthatknowledge has a public good nature that affects
the way private and public returns are appropriated.
Public goods are characterised by non-rivalry and non-
excludability, meaning that is difficult, or impossible,
to assure exclusive access to them, as well as to have
exclusive fruition of them. The nature of knowledge is
conducive to adivision of labour between basic research
and applied research. Basic research, whose outcome
is generally codified, and whose appropriability is low
should be performed by public institutions. The applied
or goal-oriented research, which implies, in general, an
emphasis on tacit (non-codifiable) knowledge, which
is more easily appropriated by the producer of that
knowledge, is performed by profit seeking institutions.
Under this linear perspective, the motivation for pri-
vate firms to enter into relationships with universities
would be to get access to basic knowledge, since the
incentive of firms to invest internally in basic research
would be too low.

If a non linear perspective of the process of knowl-
edge creation and exploitation is adopted, other eco-
nomic motivations may surge for firms to enter into
relations with a university. There are explicit links and
feedback loops between basic research and applied or
goal oriented research (Rosenberg & Nelson, 1994).
As such, firms need, or are obliged by the very nature
ofthe process of technological development, to engage
in basic research activities in order to fully exploit
technological opportunities. Firms have to build a
minimum of internal capacities in order to be able to
absorb and integrate profitably in their own product
or service portfolio knowledge generated externally
(Cohen & Levinthal, 1990).

Firms contribute to scientific advancement when
generating innovative solutions to technical bottlenecks
faced in their design or production phases (Kline &
Rosenberg, 1986), and through the development of
new scientific instruments (Shinn, 2005). The division
of labour between public and private entities and the
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reasons for firms and universities to interact are thus
more complex than a simple linear perspective would
lead us to believe.

FIRM’S KNOWLEDGE SEARCH
PROCESS AND ORGANISATIONAL
IMPLICATIONS

The network mode of organization brought challenges to
the traditional concept of an organization, and effectively
blurred the boundaries of the organization we call firm
(Colombo, 1998). Its raison d’étre may be explained
in terms of transactions costs (Coase, 1937). The mar-
ket, which is a coordination instrument based on the
price mechanism, and which mediates the transactions
and the interactions between economic agents, does
not respond adequately or cost-effectively in certain
situations. It may include situations where the price
mechanism becomes costly to use or situations where
a certain degree of uncertainty inherent in a market
transaction exceeds a certain limit, and it becomes less
costly if the transaction is made internally. Thus, the
boundary of the firm is in itself a variable on which an
economic assessment has to be made. Transactions that
are straightforward, non-repetitive and do not require
investment specific to that transaction, are made or
are more likely to occur on markets; but transactions
whose outcome is uncertain or difficult to anticipate
with precision, recur frequently or require substantial
amounts of transaction-specific investment, are more
likely to occur within the boundaries of the firm (Wil-
liamson, 1981). The production and exploitation of
new knowledge, is by nature, an activity with a high
degree of uncertainty. Investment in knowledge gen-
eration functions by a firm will affect its boundaries,
depending on the characteristics of the knowledge that
is being produced. As a general rule, one may say that
knowledge that is on the public domain, is codified (for
instance in books, blueprints or software), and is easily
accessible, will be preferentially contracted out in the
market. Knowledge that is only mastered by a limited,
or defined, group of people, and that it requires a con-
siderable tacit dimension (i.e., knowledge that it is not
amenable to codification, and is embedded in practice
and know-how), will be preferentially internalised by
the firm. However, in a rapidly changing scientific
and technological landscape, a firm may not have the
resources to pursue all desirable avenues of research,
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and is at that point that UIR may introduce a valuable
and necessary strategic approach to the management
of the research function.

FROM COLLABORATION IN SCIENTIFIC
NETWORKS TO UNIVERSITY-INDUSTRY
RELATIONS

Informal networks between individual researchers
and between laboratories situated in different insti-
tutional settings or in different countries are as old as
organized science and are inherent to the existence of
“communities” of scientists and engineers belonging to
the same discipline or working in the same or related
field. Collaboration between scientists has been rising
(Moed, Glinzel, & Schmoch, 2004) and this trend may
be related to changes in the organization of scientific
work. There is a multiplication of team work after the
mid-twentieth century, related to public investment
in large research projects. Team work has evolved to
giant research projects, or “big science” as it is often
called, of which the most common examples are re-
lated to high energy physics and aerospace research.
Large projects in the field of molecular biology and
biomedical research (e.g., the Genome project) have
also introduced a truly networked and distributed form
of organisation. Teamwork seems to represent a new
paradigm in the organisation of scientific research, and
marks a discontinuity with earlier research practices
(Beaver, 2001).

The trend in scientific collaboration is not divorced
from the trends in university-industry cooperation.
The practice of team-work has spread out to include
participants that are external to the university. A bib-
liometric study, spanning a period of two centuries, on
the collaboration between scientists (Wagner-Dobler,
2001), seems to indicate that collaboration (measured
by co-authorship) increases in scientific fields that
become, with time, more applied (to industrial applica-
tions). Collaboration intensity is not due to funding or
specialization (which are commonly advanced causes)
but by the application potential of theoretical science.
That conclusion is in accordance with other empirical
results, showing that the intensity of university-industry
relations is sector-specific, and is greater, for instance,
in the biotechnology, ICT or acrospace fields (Faulkner
& Senker, 1994; Faulkner, & Velho, 1998; NSF, 2001;

Senker), sectors in which there has been a huge increase
in commercial applications.

University responsiveness to economic demand is
alsoevidentinacountry-specific study (Meyer-Krahmer
& Schmoch, 1998), whereby the science-based sectors
have, in this case, the lowest intensity of cooperation.
This pattern is tentatively explained by the industrial
structure of the country, which is highly specialized in
fields which require fewer inputs from science (e.g.,
the mechanical sector or a more traditional chemical
sector). Patterns of university-industry interaction,
strongly reflecting country-specific industrial structure
characteristics, are evident in other studies ( Sanchez
& Tejedor, 1995; Mansfield & Lee, 1996; Leydesdorft,
2004).

The growth and spread of knowledge-intensive firms
hasalsorevived and accentuated the importance of UIR,
and specifically, the role of research and development
within the network knowledge relationships (Bania,
Eberts, & Fogarty, 1993; Swann & Prevezer, 1996;
Owen-Smith, Riccaboni, Pammolli, & Powell, 2002;
Wilkinson & Young, 2002; Miotti & Sachwald, 2003;
Roijakkers & Hagedoorn, 2006).

MOTIVATIONS FOR
UNIVERSITY-INDUSTRY
COLLABORATION

Aside from theoretically-based sociological or economic
arguments that contextualise university-industry interac-
tions, there are a number of other commonly advanced
causes to explain the rise in UIR. They include the in-
crease inmulti-disciplinarity and complexity of scientific
and technological knowledge and the prohibitive costs
of some projects, which extend beyond the capacities
or competencies of any given institution, laboratory or
discipline. Advances in information and communication
technologies are also referred to as an important cause
for the rise in collaborative activities.

Below follows a classification of the motivations for
entering anuniversity-industry relation from the point of
view ofthe firm (Bonaccorsi & Piccaluga, 1994), which
is corroborated in many other studies (Feller & Roess-
ner, 1995; Sanchez & Tejedor, 1995; Feldman, Feller,
Bercovitz, & Burton, 2002; Leydesdorff, 2003):

. Obtaining early access to scientific break-
throughs
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. Increasing the predictive and applied power of sci-
ence; includes simulation, modelling, training

. Delegating selected development activities; in-
cludes risk sharing, cost saving

. Lack of resources; for example, getting access to
laboratories and equipment

From the point of view of the university, the moti-
vations for establishing UIR are not so explored in the
literature, but seem to fall in the following categories (
Lee, 1996; Azagra-Caro, Archontakis, Gutiérrez-Garcia,
& Fernandéz-de-Lucio, 2006):

. Knowledge motivations; to access or to interact
with knowledge developed externally, in firms
or other institutions, and to engage in oriented
research

. Political motivations; policies have been set up
to encourage scientific collaboration, motivated
by the belief that collaboration maximizes public
investment in research funding

. Financial motivation; obtaining additional funds
for research

A comment is due in the first point, because the
widespread notion in the literature is still that UIR
are unidirectional relations, where industry is seeking
knowledge from university, and not bidirectional, as it
seems to be more the case (Meyer-Krahmer & Schmoch,
1998). That would explain why UIR are less intense
in regions where industry is less developed (Sanchez
& Tejedor, 1995), and why size of firm seems to be an
important determinant of university-industry interac-
tion (Fontana, Geuna, & Matt, 2006). Large firms have
generally built a stock of knowledge that is unique.
Complementary between different research orienta-
tions seems to drive the exchange of knowledge in the
common interests of both parts. This perspective is in
line with sociological explanations.

CURRENT TRENDS ON
UNIVERSITY-INDUSTRY RELATIONS

There are many forms of university-industry relations.
It can take the form of a researcher from the university
advising and contributing to the resolution ofa technical
probleminafirm; it can take the form of an organised co-
operation like the London Technology Network (LTN),
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where several universities and companies network in
order to facilitate access and transfer of knowledge; or
it can be a very structured and purposeful institutional
arrangement, like the Engineering Research Centres
(ERCs), a U.S. government initiative, which involved
active participation of firms and universities in pre-com-
petitive research and development activities, and related
educational activities. The mechanisms for UIR include
both formal and informal. The informal mechanisms are
much more common than the formal ones. The formal
mechanisms (joint labs, spin-off firms and contract re-
search) represent only the tip of an iceberg (see Figure
1). The more common formal mechanism is contract
research. Licensing has gained increased acceptance.
Most universities have implemented policies to exploit
theirintellectual property holdings, and have established
technology transfer offices (Mowery & Nelson, 1999).
However, the majority of UIR are established trough
informal contacts and channels (mobility of researchers,
co-publications, conferences, exhibitions & specialised
media, informal contacts within professional networks,
flow of graduates to industry).

Responses to a large survey on R&D performing
firms in the USA (Cohen, Nelson, & Walsh, 2002)
“...suggest that the contribution of public research to
industrial R&D is principally via research findings, and
this contribution is far greater than that of prototypes
[built cooperatively]...” (p.8). The authors also found
that the preferred channels for the information flow

Figure 1. The iceberg of university-industry relations
(OECD, 2000)

Spin-offs
Licensing

R&D contracts

Joint publications

Conferences, exhibitions, media

Informal contacts in professional networks

Flow of graduates for the business sector
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between academia and industry were related to those of
“open science,” namely publications, public meetings
and conferences. Geographic proximity is an important
determinant of UIR (Mansfield & Lee, 1996), which
is probably due to the fact that many, if not most, UIR
are established on the basis of personal and close inter-
actions (Feldman, Feller, Bercovitz, & Burton, 2002).

CURRENT DEBATES ON
THE IMPLICATIONS OF
UNIVERSITY-INDUSTRY RELATIONS

Current debates focus on the implications of UIR on the
division of knowledge production labour between public
and private entities and the consequences in terms of
availability of knowledge and future innovation-based
economic development.

There are approaches that defend an anti-dif-
ferentionist stance (Gibbons, 2000), arguing that the
contemporary knowledge production process proceeds
in a way that the distinction between the mission and
roles of different actors are disappearing or fading away,
predicting the collapse of the university and scientific
disciplines and specialties. Other authors (Etzkowitz
& Leydesdorft, 1998), although not denying distinct
roles for each institution, propose a deeper integration
between three broad categories of actors (university,
industry, government). Although acknowledging the
different roles and missions of each broad category of
actors, the authors defend that the character and culture
of'eachactor is being mutually absorbed by the other(s),
and all are loosing their distinctive features. Arguing
for a more entrepreneurial university they propose
that the normative structure of science should change
from the notion of “communalism” to the notion of
“capitalisation.”

Other authors (Shinn, 2002) argue that the above
mentioned perspectives lack a historical perspective
on the relations between university and other actors,
wrongly assuming that collaboration dynamics is a
recent phenomena. The notion of “transversality” is
proposed to describe and explain the behaviour of groups
of technologists, active for at least two decades and re-
sponsible for the development of radically new devices
and instrumentation, that operate at the interface between
established institutions, “...both sustaining instituted
differentiations and divisions of labour and violating
them” (p.612). Collaboration has become gradually

more important because there is a growing cognitive
and organizational fragmentation (Shinn, 2005).

There are authors (Vavakova, 1998) arguing that
there is a political drive behind the claims for a rede-
sign of the mission of the university that creates an
imbalance between the private and social returns of
research activity. Excessive redesign of the university
mission will lead to reduction of knowledge available
as a public good and the manipulation of the public
research agenda by private interests.

There are warnings (Geuna, 1998) against the per-
ils of science policies that force universities, through
financial cutbacks, towards a policy of fund seeking
through increased contractual research with industry.
Emphasising that there are various categories of uni-
versities there is a prediction of differential behaviour
of universities in their relations with industry. There
will be a polarisation of the university system, whereby
“...only a restricted group of elite research intensive
universities will go through the institutional adaptation
to the changing environment, while managing to retain
a few of the important features that historically have
characterised the university. The majority of institutions
currently identified as universities will be marginalised
by the changes...pushed by government policy to
satisfy the current needs of mass higher education and
industrially oriented research...” (p. 267).

Research suggests that faculty that engage in con-
tract research or in other interactions with industry, is
not affected in terms of research productivity and the
type of research that is performed (Gulbrandsen &
Smeby, 2005).

Some authors (Geuna & Nesta, 2006) express doubts
on the advantages of deepening the entrepreneurial
university and the inevitable and accompanying priva-
tisation of its generated knowledge. The argument is
that mostuniversities’technology transfer offices donot
generate positive net incomes from licensing or from
equity investments. Investing in start-up firms based
upon (university) patents is a very uncertain and risky
business, and the typical success rate is rather low.

Other authors defend that to increase the spin-off
firms success rate, a proper institutional environment,
that addresses typical university rigidities, should be
created (Debackere, 2000).

Note should be taken that the bulk of research that
is done at the university is basic research (Rosenberg
& Nelson, 1994), but that does not mean that it is not
influenced by important technological problems or

713




objectives. Furthermore, the bulk of research is done
in the engineering or otherwise applied disciplines.
Firms are much better at research on focused, short-
term problems, and do not invest much in basic research
because the return on that investment is uncertain or of
a long-range nature.

Concerns aboutthe availability of public knowledge
that can be jeopardised by the privatisation of univer-
sity knowledge are raised (Nelson, 2001), and it is
reaffirmed the contribution to economic development
that universities have historically made (either in the
past or recently), through their research activity and
through mechanisms of open science. The cases of the
biotechnology and ICT sector, which draw heavily on
the competencies developed at universities, are recent
examples. The university, by tending to increase the
privatisation of its own knowledge output, and ef-
fectively starting or tending to use the same weapons
of private entities, is entering a dangerous terrain that
may eventually affect and overhaul its whole structure,
rationale and support.

Future research is most likely to proceed along two
lines: one that looks at the comparative efficiency of
the several knowledge transfer mechanisms that the
university institution has adopted, and the implications
in terms of division of innovative labour and optimal
allocation of knowledge resources. The other line of re-
search, based on quantitative and qualitative techniques
of network analysis, will look at network configuration
and structure, and its implications in terms of knowledge
production and application.

CONCLUSION

University-industry collaboration has risen in recent
years. Network and cognitive advantages have been
determinants of this trend, which has been politically
encouraged. Causes seem to be related to changes in the
scientific and technological landscape and the ensuing
opportunities perceived by the market and the search
for competencies that universities can provide in times
of change. The university has historically been respon-
sive to demands for opportunities, albeit in peculiar
ways, and has contributed, directly and indirectly, to
economic development and wealth creation, adopting
several mechanisms that promote or facilitate knowledge
transfer or exchange. An excessive emphasis on the
mission of the university to satisfy immediate societal
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knowledge needs may compromises other missions,
notably the fundamental knowledge production func-
tion that underpins future innovation and economic
development. A balance between the functions of the
university must be reached.
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KEY TERMS

Appropriability: Knowledge generated by a firm
can be contained within its premises or it can leak out
to other firms. Ifit is easily codified in books, blueprints
or other means, its transmissibility is high and it has low
appropriability. If the knowledge is difficult to codify
then it has a high appropriability.

Excludable Goods: A good is excludable if the
owner can preclude others from using it.

Linear Model of Innovation: A theory that holds
that innovation is a process of discovery which pro-
ceeds via a fixed and linear sequence of phases. In this
view, innovation begins with new scientific research,
progresses sequentially through stages of product de-
velopment, production and marketing, and terminates
with the successful sale of new products, processes
and services.

Patent: A patent for an invention is the grant of a
property right to the inventor, issued by a government
office. What is granted is not the right to make, use,
offer for sale, sell or import, but the right to exclude
others from making, using, offering for sale, selling or
importing the invention.

Rival Goods: A good is rival if its use by one person
excludes it from being used by another.

Science-Based Sectors: Industrial sectors thathave
research intensity above a certain percentage. Research
intensity is defined as the ratio between R&D expenses
and total sales. This term was defined by the Organi-
sation for Economic Co-operation and Development
(OECD).

Spin-Off Firm: A firm that is created by faculty
personnel to exploit a research result produced with
the research institution’s physical, human and financial
resources. A firm may also be a spin-off firm from an-
other firm. In this case, it is defined as a firm created by
ex-employees of the mother firm to exploit a research
result produced with the firm physical, human and
financial resources.





