


The Triple Helix

A Triple Helix of university–industry–government interactions is the key 
to innovation in increasingly knowledge-based societies. As the creation, 
dissemination, and utilization of knowledge moves from the periphery 
to the center of industrial production and governance, the concept of
innovation, in product and process, is itself being transformed. In its
place is a new sense of “innovation in innovation”—the restructuring and
enhancement of the organizational arrangements and incentives that foster
innovation.

This Triple Helix intersection of relatively independent institutional 
spheres generates hybrid organizations such as technology transfer offi ces 
in universities, fi rms, and government research labs and business and
fi nancial support institutions such as angel networks and venture capital 
for new technology-based fi rms that are increasingly developing around 
the world.

The Triple Helix describes this new innovation model and assists
students, researchers, and policy-makers in addressing such questions as: 
How do we enhance the role of universities in regional economic and social
development? How can governments, at all levels, encourage citizens 
to take an active role in promoting innovation in innovation and,
conversely, how can citizens so encourage their governments? How can 
fi rms collaborate with each other and with universities and government 
to become more innovative? What are the key elements and challenges 
to reaching these goals? 

Henry Etzkowitz, PhD, holds the Chair in Management of Innovation, 
Creativity, and Enterprise and is Director of the Triple Helix Research 
Group, Newcastle University Business School, UK. He is also Visiting
Research Professor, Department of Technology and Society, School of
Engineering and Applied Sciences, Stony Brook University, USA.
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Introduction

The interaction among university, industry, and government is the key to 
innovation and growth in a knowledge- based economy. In ancient Meso-
potamia, a triple helix water screw, invented to raise water from one level 
to another, was the basis of a hydraulic system of agricultural innovation 
that irrigated ordinary farms as well as the Hanging Gardens of Babylon, 
one of the seven wonders of the ancient world.1 The triple helix as a phys-
ical device is succeeded by university–industry–government interactions 
that have led to the venture capital fi rm, the incubator, and the science 
park. These social inventions are hybrid organizations that embody ele-
ments of the triple helix in their DNA.

The university is the generative principle of knowledge- based societies 
just as government and industry were the primary institutions in indus-
trial society. Industry remains a key actor as the locus of production, 
government as the source of contractual relations that guarantee stable 
interactions and exchange. The competitive advantage of the university, 
over other knowledge- producing institutions, is its students. Their regu-
lar entry and graduation continually bring in new ideas, in contrast to 
the research and development (R & D) units of fi rms and government 
laboratories that tend to ossify, lacking the “fl ow- through of human capi-
tal” that is built into the  university.

Universities, fi rms, and governments each “take the role of the other”
in triple helix interactions even as they maintain their primary roles and 
distinct identities. The university takes the role of industry by stimulating 
the development of new fi rms from research, introducing “the capitaliza-
tion of knowledge” as an academic goal. Firms develop training to ever 
higher levels and share knowledge through joint ventures, acting a bit 
like universities. Governments act as public venture capitalists while con-
tinuing their regulatory activities. In contrast to theories that emphasize 
the role of government or fi rms in innovation, the triple helix focuses on 
the university as a source of entrepreneurship and technology as well as 
critical inquiry.



Entrepreneurship in the triple helix

Envisioning new initiatives, and drawing together the resources to create 
them, is no longer limited to a narrow range of organizational, ethnic, 
or gender actors. Universities and governments act as entrepreneurs, 
demonstrating that entrepreneurship is not limited to business. Entrepre-
neurial universities play a key role in the triple helix through technology 
transfer, incubating new fi rms, and taking the lead in regional renewal 
efforts. Some of this entrepreneurial activity is based on expectations that 
utilization of research will spur new ideas as well as income.2 New re-
search ideas may arise from practical as well as theoretical sources and 
vice versa, e.g. hedge funds inspired by options- pricing theory.

Entrepreneurship is a group as well as an individual initiative. In coun-
tries such as Sweden where individuals are unlikely to take an entrepre-
neurial initiative without group support, there is a tradition of collective 
entrepreneurship. Firm- formation does not begin until a group is con-
stituted and agrees to take action. Indeed, collective entrepreneurship is 
typical of knowledge- based fi rms that require both technical and business 
expertise that is unlikely to reside in a single person. Entrepreneurs may 
be professors, engineers, or inventors as well as businesspersons. Policy 
entrepreneurs like Esko Aho, a recent prime minister of Finland who in-
vigorated the Finnish innovation system, may also be recognized.

An entrepreneurial model is spreading to societies that heretofore 
relied primarily on administrative initiatives. In Africa, entrepreneurial 
initiatives have emerged as the university has stepped in to solve national 
technological crises, creating spin- off fi rms as an unintended con-
sequence. When the telecommunications system broke down in Zambia 
several years ago, the University of Zambia’s Computer Centre extended 
a campus- based email network across the country. Eventually this initia-
tive was spun off as an independent fi rm and the experience became the 
basis for future explicitly entrepreneurial initiatives.

Entrepreneurship has also expanded with the realization that it can be 
taught to a wide variety of persons. A rapid advance in entrepreneurial 
education has taken place in Brazil, where it has expanded across the 
university to the arts and sciences, from the engineering and business 
schools. Undergraduate students at the Pontifi cal Catholic University of 
Rio de Janeiro (PUC), and increasingly in other Brazilian universities, are 
required to take a basic course in entrepreneurship. Just as every student 
is expected to be able to write an essay expressing their personal thoughts 
or craft a scientifi c paper, utilizing evidence to test hypotheses, the ability 
to write a business plan, setting forth an objective and a means to test its 
validity, is held to be an essential element of the undergraduate curricu-
lum at PUC. The Brazilian undergraduate educational model focuses on 
identifying entrepreneurial talents in students who may have previously 
lacked awareness of their latent abilities.

Entrepreneurship may also occur in places that do not recognize its 
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relevance. For example, Purchase College’s educational program in theater 
and dance is based on an implicit incubation model as students go through 
the program, organized into theater and dance troupes, with some of them 
continuing after graduation. Most students in a class at this liberal- arts
college were bewildered when exposed to the concept of the “business
plan” by a guest lecturer, Magnus Klofsten, professor of entrepreneurship 
at Linköping University in Sweden. However, when the class was stopped 
and restarted with the question “At some time in your life, would you 
like to establish a new organization, whether a business, school, theater, 
dance troupe, etc.?”, two- thirds of the students stated this as their 
objective.

Entrepreneurial training should be a part of general education in an 
era in which formation of new organizations in all aspects of life is in-
creasingly commonplace. Should the capability to write a business plan 
not be an element of every university graduate’s repertoire in an era when 
many students either will be expected to generate their own employment 
and/or have as one of their life goals participation in the creation of a 
new venture? Entrepreneurship and circulation among the institutional 
spheres of university–industry and government, rather than pursuit of a 
single path, are becoming the norm. The implications of the triple helix 
transcend innovation and infl uence the way we work and  interact.

Contents of this book

Chapter 1, “Pathways to the triple helix,” presents the  contrasting sources 
of the movement toward a common triple helix model of relatively 
independent overlapping institutional spheres that foster cooperation for 
innovation. Chapter 2, “The entrepreneurial university,” discusses the 
transformation of the university and how it has come to play a role in 
innovation through an extension of the traditional research and teach-
ing mission of academia into a new focus on economic and social devel-
opment. Chapter 3, “The evolution of the fi rm,” treats the emergence 
of start- up formats linked to academic research. The triple helix fi rm 
comprises organizational and cultural elements drawn from business, 
academia, and government. Chapter 4, “The optimum role of govern-
ment,” discusses the role of government in innovation, under contrasting 
conditions in which the state plays either a direct or an indirect role in 
innovation.

Chapter 5, “Regional innovation,” analyzes the transformation of the 
region from a geographical, cultural, and industrial area to an innovation 
entity—the triple helix region. A regional infrastructure that has the abil-
ity to move from one technology paradigm to another, as the earlier one 
becomes exhausted, is required. A conceptual framework of knowledge, 
consensus, and innovation spaces is suggested for thinking about regional 
development in terms of the interaction among the triple helix actors 
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to fi ll gaps in a region and enhance its development with  discontinuous
innovation.

Chapter 6, “Triple helix technopolis,” examines the intersection of vari-
ous organizational mechanisms designed to link the productive sector to 
academia and their development into a common framework to smooth 
the path of technology transfer. Chapter 7, “The incubation of innova-
tion,” focuses on the evolution of the incubator as a support structure 
for high- tech start- ups based on academic research and how it has been 
applied to a broader set of industrial and social problems. Chapter 8, 
“Reinventing venture capital,” analyzes the invention of the venture capi-
tal fi rm as a regional development strategy and its transformation into 
a fi nancial mechanism. Chapter 9, “The endless transition,” argues that 
the linear model of discontinuous innovation emerging from science has 
become an assisted linear model, through the creation of a dynamic triple 
helix ecosystem that fosters economic and social development.

Innovation from the knowledge base

Innovation, the reconfi guration of elements into a more productive com-
bination, takes on a broader meaning in increasingly knowledge- based
societies. Formerly the development of new products in fi rms, innovation 
also includes the creation of organizational arrangements that enhance 
the innovative process. Only a small group of specialists in industry 
and academia were interested in innovation when it was limited to the 
analysis of product improvement. In recent years the appropriate con-
fi guration of relationships between fi rm- formation, high technology, and 
economic growth has become a matter of public concern and debate.

As jobs are outsourced, what will be the future engine of economic 
growth, especially as “high-tech,” as well as manufacturing positions, are 
increasingly relocated to countries with highly skilled persons and lower 
wages? Is the university losing its traditional role and independence as it 
becomes more closely involved with, and presumably subordinate to, in-
dustry and government; or is it attaining a higher level of status and infl u-
ence in society, thereby enhancing its independence, as it takes on a more 
central role in society through its contribution to innovation?

And, of course, not all agree that the university should play an entre-
preneurial role. Many academics believe that the university best fulfi lls its 
mission by limiting itself to education and research, eschewing a broader 
role in economic and social development. According to this view, the uni-
versity best fulfi lls the third mission by fulfi lling the fi rst two.3 Neverthe-
less, there is increasing interest in pursuing the practical implications of 
research even among those academics who were most skeptical about the 
capitalization of knowledge.4

A series of research projects on innovation mechanisms, conducted 
from the early 1980s, mostly sponsored by the US National Science Foun-
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dation, provide the empirical base for this volume. These studies have 
been supplemented by visits and research projects in various countries 
typically sponsored by universities, think tanks, and regional and national 
development agencies that allowed me to make this analysis compara-
tive. The Center for Business and Policy Studies in Stockholm sponsored 
the original version of this manuscript, published in Swedish. My current 
academic home, the Newcastle University Business School, is the base for 
a research program extending analyses of the triple helix to the European 
Union and beyond.

There is increasing awareness that a knowledge- based society operates 
according to a different set of dynamics than an industrial society focused 
on manufacturing tangible goods. Knowledge- based economies are more 
tightly linked to sources of new knowledge; they are also subject to con-
tinuous transformation instead of being rooted in stable arrangements. 
Fostering a continuous process of fi rm- formation based on advanced 
technologies, often university- originated, moves to the heart of innova-
tion strategy. This volume extrapolates nascent trends into a vision of the 
seminal role of the university in a knowledge- based society.
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1 Pathways to the triple helix

Introduction

Scientifi c roles are in fl ux with the elimination of clear dividing lines 
between science and business. Scientists in a late 1970s California solar 
electricity start- up did not fi t previous sociological defi nitions of academic 
or industrial scientist. These physicists were “entrepreneurial scientists”1

who participated in decision- making as backers of the fi rm, with funds 
earned from stock options in the semiconductor industry. They were not 
interested in publication,2 as their goal was patents, nor did they suffer the 
“role strain” of corporate scientists making the transition from academia, 
torn between their allegiances.3 Moreover, academic scientists, doing 
start-ups from their research, are on both sides of the university–industry
relationship.

University–industry relations also often had a third partner. Studies 
by Professor Rosalba Casas and members of her research group at the 
National Autonomous University of Mexico (UNAM) showed that uni-
versity and industry in Mexico primarily interact through their links to 
government; thus government’s role was highlighted. In the US, where 
government’s role is often suppressed, government has played a key role 
in setting the stage for university–industry interactions through changes 
in the patent law and through provision of “public venture capital” for 
start-ups in the form of research grants. A triple helix of university–
industry–government interactions was the result of these trends.

The triple helix was generated from an analysis of government’s rela-
tion to university and industry in different societies and its various roles 
in innovation.4 The growth of new fi rms from academic research and the 
location of science- based industry adjacent to universities is a manifes-
tation of triple helix relations in knowledge- based societies. Innovation 
increasingly takes form in triple helix relations and the new types of inno-
vation actors that are invented through these interactions include incuba-
tors, science parks, and venture capital fi rms. In the following, we outline 
the origin and development of the triple helix model of innovation.



Triple helix innovation

Innovation takes on a new meaning as the spirals of the triple helix inter-
twine. Even in its original sense of product development, innovation is 
no longer only the special province of industry. Knowledge- producing
institutions have become more important to innovation as knowledge be-
comes an increasingly signifi cant element in new product development. 
This expansion of the concept of innovation makes university and gov-
ernment signifi cant actors in the innovation process, collaboratively as 
well as individually.

The triple helix is a platform for “institution formation,” the creation 
of new organizational formats to promote innovation, as a synthesis of 
elements of the triple helix. The triple helix captures this transformation 
of roles and relationships as intertwined spirals with different relations 
to each other. In a laissez- faire triple helix regime, industry is the driv-
ing force, with the other two spirals as ancillary supporting structures; 
in a statist regime government plays the lead role, driving academia and 
industry. Spirals are rarely equal; one usually serves as a motive force, the 
innovation organizer (IO) around which the others rotate. The institution 
that acts as the core spiral changes over time as one spiral replaces the 
other as the driving force in a triple helix confi guration.

Triple helix impetus

A triple helix regime typically begins as university, industry, and govern-
ment enter into a reciprocal relationship with each other in which each 
attempts to enhance the performance of the other. Most such initiatives 
take place at the regional level, where specifi c contexts of industrial clus-
ters, academic development, and presence or lack or governing authority 
infl uence the development of the triple helix.

The fi rst step toward a triple helix is usually collaboration among the 
institutional spheres most involved with innovation, taking place through 
their traditional roles. For example, universities, fi rms, and governments 
in a region may participate in discussions to enhance a local economy, 
develop a regional growth agreement, or establish a technology council. 
As a result municipalities may agree to speed up building- permitting pro-
cesses for new plant construction, universities may undertake to train 
more students in an area relevant to the local economy and fi rms may 
negotiate new supplier relationships with each other as an incipient clus-
ter. At this initial level of the triple helix, the three strands typically begin 
to interact in order to improve the local economy by enhancing the per-
formance of existing industry.

The triple helix changes its spin as production of new knowledge and 
technology becomes more important. At this level of the triple helix, en-
hancement of the performance of the university and other knowledge-
producing institutions often becomes the key issue as part of a strategy to 
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renew an older economy or create new economic activity on the basis of 
intellectual capital in one form or another, ranging from formal R & D 
in government, university, and industrial laboratories to tacit knowledge 
emanating from existing industries.

As a new overlay of knowledge infuses existing industry and as vari-
ous combinations of new and old knowledge become the basis for fi rm-
formation, the university and other knowledge- producing institutions 
replace industry as the core spiral. Government and industry may then 
become involved in supporting academic development. The establishment 
of a research center, speeding up academic research production, is a typi-
cal strategy. The university gains additional resources from industry and 
government to enhance the performance of research, one of its traditional 
functions.

Taking the role of the other

The next step to development of the triple helix is internal transforma-
tion of the institutions in which, in addition to performing its traditional 
tasks, each “takes the role of the other.” A second level of innovation in 
innovation arises as the triple helix actors take on new tasks. If a function 
is already performed by an institution that has it as its core competency, 
the utility of another institution taking it on as a secondary activity is the 
innovative contribution it may make to the performance of this role.

In addition to instigating new activities, “taking the role of the other”
contributes to the traditional missions, as when participation in the capi-
talization of knowledge leads to the development of new academic re-
search and educational programs. Each institutional sphere is thus more 
likely to become a creative source of innovation and to support the emer-
gence of creativity that arises in other spirals. Going beyond traditional 
missions, universities were the source of the venture capital and incu-
bation movements that were enhanced by the support of industry and 
government.

As they take the role of the other, each institution maintains its pri-
mary role and distinct identity. The fundamental role of the university 
as an institution for the preservation and transmission of knowledge re-
mains its core mission. Thus universities continue their special mission 
of socialization of youth and dissemination of knowledge even as they 
take on some business and governance functions. Similarly, government 
is the ultimate guarantor of societal rules of the game and industry is the 
primary source of productive activities. Thus industry continues to pro-
duce goods and services and also does research, but increasingly provides 
training at higher levels, refl ected in the fact that many companies now 
have their own “universities,” at least in their special area of expertise. 
Government is responsible for providing the rules of the game but also 
makes available venture capital to help start new enterprises.

Pathways to the triple helix  9



From bilateral to trilateral interactions

Bilateral interactions among university–government, university–industry
and government–industry increase through role- taking. Even as the core 
identity of each institution is maintained, it is enhanced in new ways 
through relationships with other spheres. Thus the university trains org-
anizations in incubators as well as individuals in classrooms. Moreover, 
as the university engages in technology transfer it becomes a source of 
new product development, which is, of course, a traditional industrial 
function. The entrepreneurial university, exemplifi ed by the Massachu-
setts Institute of Technology (MIT), participates in the economic and 
social development of its region. Entrepreneurship as an academic mis-
sion is integrated with teaching and research. As the university assumes 
an entrepreneurial role internally, it naturally also becomes more closely 
involved with industry, especially since there is not such a great distance 
between the institutional spheres.

At MIT, the classic entrepreneurial university, involvement with indus-
try occurred through a series of organizational innovations that legitimated 
the interaction between the two spheres.5 This included the invention of 
the one- fi fth rule regulating consultation as the resolution of a decade- long
controversy. The legal concept of the contract was utilized to formalize 
hitherto informal university–industry ties. The development of organiza-
tional capacities to interact with industry, through a liaison offi ce to iden-
tify appropriate industrial partners, was a next step. This was followed 
by the utilization of intermediary organizations to carry out business with 
industry, such as the sale of intellectual property rights in the 1920s and 
1930s that the university was not yet prepared to conduct on its own. In 
the US, university–government relations were often constructed from the 
models initially developed for relations with industry; in other societies 
the movement has been in the opposite direction.

The growth of university–government relations was intertwined with 
the formation of national identity in Germany in the early 19th century, 
with the so- called Humboltdian academic model integrating teaching 
and research. Apart from the land grant tradition, strong university–
government relations in the US emerged from the World War II military 
research projects. These were undertaken at the behest of academic scien-
tists who saw, on the one hand, the potential to develop advanced weap-
onry through the application of science to military problems (radar) and, 
on the other, the ultimate outcome of theoretical advance (the atomic 
bomb). University–government relations transcended the wartime emer-
gency as academics realized that theoretical advance could arise from 
problem-oriented research as well as vice versa.

As bilateral interactions take place, they tend to bring in the third ele-
ment of the triple helix to solve problems and meet new needs. It is a 
global phenomenon that involves “learning by borrowing,” importing 
and adapting organizational models from abroad, as well as independent 
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invention. For example, the incubator concept that had been imported 
from the US to Brazil was reinvented and made more relevant to local 
circumstances than the US academic model focused on high- tech fi rm-
formation based upon academic research. Starting from an academic base 
of limited high- tech capacity, Brazilians soon transformed the incubator 
into a broader model to address issues of development and poverty.

Having realized that the essential purpose of an incubator was to teach 
a group of people to act as an organization, as an extension of the clas-
sic educational mission of the university as well as an expression of its 
new economic and social development remit, the model was applied to 
a variety of purposes within and without academia. Industrial associa-
tions entered the fi eld, creating incubators to expand traditional clusters. 
Municipalities also established incubators as a job creation strategy. A 
nongovernmental organization (NGO), in collaboration with a university 
high-tech incubator, applied the model to organize cooperatives, training 
poor people from the favelas to run their own organizations and create 
jobs for themselves. An association of incubators, ANPROTEC, brought 
the different incubator types and their supporters together in a common 
framework.

The incubator movement in Brazil originated in the universities in the 
face of considerable skepticism toward introducing a support structure to 
found new technology fi rms from academic research, expressed as charges 
of “privatization of the university.” The incubator was legitimized when 
a municipal government took an interest and funded a building for an 
early incubator, allowing the project to move from temporary quarters, 
precipitating acceptance as an offi cial unit.

Expansion and rapid growth of a university initiative to create incuba-
tor facilities took place as industrial associations and various levels of 
government became involved. Support from industry associations and 
state governments extended the concept from high- technology fi rms to 
raising the level of technology in existing fi rms. The critique of incuba-
tion abated as university technology transfer organizations also estab-
lished incubators to train low- income persons to organize cooperatives. 
A national government initiative then extended this project to universities 
across the country.

As the number of sources and levels of initiative increase among the 
triple helix actors, a meta- innovation system is created. The premise for 
the growth of such a dynamic is an active civil society in which initiatives 
are encouraged from various parts of society. The possibility of individu-
als and groups to freely organize, debate, and take initiatives is the basis 
for a triple helix including bottom- up as well as top- down initiatives.

A triple helix embedded in a fl ourishing civil society encourages the 
emergence of diverse sources of innovation. Creating an organization or 
network, representing different interests, in order to build support for a 
regional focus is a key element in such a strategy. Individuals,  typically
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from the triple helix spheres, come together to brainstorm ideas, for-
mulate initiatives and seek out resources to promote regional develop-
ment initiatives. Examples include the Pittsburgh High- tech Council, the 
Niteroi Technopole in Brazil, the Knowledge Circle of Amsterdam and 
Joint Venture Silicon Valley in San Jose, California. The prototypical in-
stance was the New England Council, founded during the 1920s, bring-
ing together industrial, academic, and governmental leadership to address 
the region’s long- term economic decline.

Toward the triple helix by different routes

The path to the triple helix begins from two opposing standpoints: a 
statist model of government controlling academia and industry (Figure 
1.1), and a laissez- faire model with industry, academia, and government 
separate and apart from each other, interacting only modestly across 
strong boundaries (Figure 1.2). From both of these standpoints there is, 
on the one hand, movement toward greater independence of university 
and industry from the state and, on the other, greater interdependence of 
these institutional spheres. Interaction among the institutional spheres of 
university, industry, and government, playing both their own traditional 
roles and each other’s, in various combinations, is a stimulant to organi-
zational creativity. New organizational innovations especially arise from 
interactions among the three helices (Figure 1.3). The common triple 
helix format supersedes variation in national innovation systems.

Our purpose here is to elucidate the transition to a triad of equal and 
overlapping institutional spheres. Double helices, lacking a third mediat-
ing element, tend toward confl ictual relations.6 The question of the ap-
propriate balance between industry and government, including the role of 
labor and capital in society, is expressed in theories and social movements 
that promote socialism or capitalism. A struggle between proponents 
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Figure 1.1 The statist model.
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of these two basic societal formats has ensued since the inception and 
growth of the modern state and industry, from the 18th century.7 Never-
theless, there is a basic commonality of laissez- faire and statist regimes 
despite apparently divergent formats. This structural similarity is exem-
plifi ed by the interchangeability of government and industry in leading 
roles in various theories of reform capitalism and market socialism.

Statist and laissez- faire regimes, the traditional competing models of 
social organization in modern societies, represent reverse sides of the
government–industry coin. Statist societies emphasize the coordinating 
role of government while laissez- faire societies focus on the productive 
force of industry as the prime mover of economic and social develop-
ment. Both formats emphasize the primacy of these two institutional 
spheres, albeit in drastically different proportions. Thus strong and weak 
roles for government and industry respectively are the defi ning charac-
teristics of statist regimes while the reverse relationship is the basis of 
laissez-faire societies.

Statist society

In some countries, government is the dominant institutional sphere. Indus-
try and the university are subordinate parts of the state. When relation-
ships are organized among the institutional spheres, government plays the 
coordinating role. In this model, government is expected to take the lead 
in developing projects and providing the resources for new initiatives.

Industry and academia are seen to be relatively weak institutional 
spheres that require strong guidance, if not control. The former Soviet 
Union, France, and many Latin American countries exemplify the statist 
model of societal organization.

The statist model relies on specialized organizations linked hierarchi-
cally by central government. Translated into science and technology policy, 
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Figure 1.2 The laissez- faire model.



the statist model is characterized by specialized basic and applied research 
institutes, including sectoral units for particular industries. Universities 
are largely teaching institutions, distant from industry. A central planning 
agency was a key feature of the Soviet version of the statist model. A de-
cision was required from the central planning agency to arrange imple-
mentation of institute research. Waiting on such a decision often became 
a block to technology transfer since the fi rms and the institutes could not 
arrange the matter directly, at least not through formal  channels.

In the 1960s the Argentinian physicist Jorge Sabato set forth a “tri-
angular” science and technology policy model, applying the statist model 
to a developing country, arguing that only government had the ability and 
resources to take the lead in coordinating the other institutional spheres 
to create science- based industry. In Brazil, during the era of the military 
regime, the federal government’s science and technology policies of the 
1970s and early 1980s implicitly attempted to realize Sabato’s vision. 
Large-scale projects were funded by government to support the creation 
of new technological industries such as aircraft, computers, and electron-
ics. The projects typically included funds to raise the level of academic re-
search to support these technology development programs. A side effect 
was increased local training of graduate students to work in the projects.

The role of government increases in all countries in times of national 
emergency. The US, for example, reorganized itself on a statist basis 
during the two world wars, placing industry and university in the service 
of the state. The Manhattan Project to develop the atomic bomb during 
World War II concentrated scientifi c and industrial resources at a few 
key locations, under military control, to accomplish this goal. The recur-
rent calls for a Manhattan- type project to address such diverse problems 
as cancer and poverty suggest the attraction of the statist model even in 
countries with a laissez- faire ideology. Indeed, the statist model can pro-
duce great results, with good leadership, a clear objective, and commit-
ment of signifi cant  resources.

The statist model often carries with it the objective that the country 
should develop its technological industry separately from what is hap-
pening in the rest of the world. In Europe this model can be seen in terms 
of companies that are expected to be the dominant national leader in a 
particular fi eld, with the government supporting those companies, such 
as the Bull computer company in France. In this confi guration the role 
of the university is primarily seen as one of providing trained persons to 
work in the other spheres. It may conduct research but it is not expected 
to play a role in the creation of new enterprises.

Even in France, the classic statist regime, many of these expectations 
have changed in recent years.8 Efforts have been made to decentralize 
elite knowledge- producing institutions from Paris in order to create 
other alternative sources of initiative. Although not yet at the level of 
the German Länder or the American state government, a new level of 
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regional government gains resources and is able to take its own initia-
tives. Start- up fi rms, initially offshoots of military programs, begin to 
take on a life of their own.

Change in statist societies is impelled by the need to speed up the in-
novation system by introducing new sources of initiative. Bureaucratic 
coordination concentrates initiative at the top and tends to suppress 
ideas that arise from below. Lateral informal relations across the spheres 
partially override formal top- down procedures. However, such working 
around the system is typically confi ned to relatively limited initiatives. 
When there is a need to undertake larger scale initiatives, the way is often 
blocked, outside of the military and space spheres that were given extra-
ordinary priorities in the former Soviet Union.

Laissez-faire society

Another starting point for the triple helix model is separation among in-
stitutional spheres. Ideology and reality often diverge, with the spheres 
operating more closely together than expected. In the US, for example, 
skepticism of government often obscures the emergence of the triple 
helix. In reality the institutional spheres are closer together than is com-
monly held, but accepted US belief is the model of government, industry, 
and academia operating in their own areas without close connections.

In this model, the university is a provider of basic research and 
trained persons. Its role in connection with industry is to supply knowl-
edge, mainly in the form of publications and graduates who bring tacit 
knowledge with them to their new jobs. It is up to industry to fi nd useful 
knowledge from the universities without expectation of much assistance. 
Industry is also expected to operate on its own, with fi rms linked to each 
other by the market relationships of buying and selling. There is expected 
to be intense competition among fi rms, with collaboration  forbidden.

Corporations were forbidden by law to cooperate and collaborate 
with each other because it was expected that if they did communicate 
extensively the fi rst thing that they were likely to do would be to form a 
cartel and set prices of products. Thus, for the most part, companies were 
discouraged from interacting, except through meetings of associations 
where people could get together according to their professional speciali-
zation. Firms in an industry were thus expected to operate independently 
from each other both in their R & D and in product development.

As international industrial competition became greater, it was argued 
that some of these rules would have to be changed. In the 1970s, in the 
US, increased international competition from Japan led to a rethinking of 
appropriate relationships among companies in peacetime circumstances. 
The antitrust rules were changed to allow companies to do pre- competitive
research and then to allow joint product development. Industry was en-
couraged to restructure according to the framework of strategic alliances 
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among different companies. A concept of competition was invented to 
denote that companies should not only compete, but should cooperate 
and collaborate.

In the laissez- faire model the role of government is expected to be lim-
ited to clear cases of so- called “market failure,” when economic impe-
tuses by themselves do not call an activity into existence. Government 
is expected to play a limited role of regulation or of buying products but 
not necessarily in the military area where there is much closer linkage. 
For example, the US military economy operates according to the statist 
model, through top- down direction by government, with industry and 
universities playing a signifi cant role within that coordination.9

Government is expected to play a larger civilian role only when an 
activity cannot be provided by the market. No one is prepared to offer 
the function for sale or perform it; therefore it must be provided by gov-
ernment. It is on the basis of this argument of market failure that it is 
agreed that the government may provide funds to the university to sup-
port research because the market will not meet that need. Since it would 
not take place otherwise, it is accepted that there is a limited role for 
government.

There is expected to be only limited interaction between university, in-
dustry, and government in a laissez- faire regime. When there are inter-
actions and interrelationships among the spheres, they are expected to 
take place across strongly defended boundaries and preferably through an 
intermediary. For example, for many years before US universities became 
directly involved in patenting research there was an organization called 
the Research Corporation, an independent not- for- profi t organization

16  Pathways to the triple helix

����������	
�����
�
�����������
�����

����������	


��������
	 �������
	

Figure 1.3 The social structure of the triple helix.



between the universities and industry that found research in universi-
ties that could be patented and then arranged for its transfer to a com-
pany that found it of interest. Thus industry and university did not 
relate directly but through an intermediary organization. Basically, it 
was argued that it was not appropriate for them to be in direct contact 
with each other. Nevertheless, if they needed to be in contact, it should 
be through someone else playing an intermediary role. Thus to the extent 
that there were relationships, they tended to occur at arm’s length.

Attentions to boundary maintenance, separate spheres, distinct insti-
tutional roles, and fi rms as the locus of economic activity characterize 
laissez-faire society. Concern for boundaries is typically part of a larger 
complex of ideas and beliefs related to the purity of institutional spheres. 
Functions and spheres are believed to be related on a one- to-one basis, 
i.e. industry = production; government = regulation; university = basic re-
search.10 Expansion or crossover of functions from one sphere to another 
is ipso facto evidence of decline, for some, while for others it is a sign of 
organizational and individual creativity.

Behind a laissez- faire façade, individualistic expressions such as the 
“individual investigator” denoting the lead researcher in the university 
actually represent research groups that operate as “quasi-fi rms,” the 
virtual small- business format in which academic science typically takes 
place. An extension of government research funding programs, in the 
guise of mere exploration of the practical implications of their research, 
provides the equivalent of venture capital for scientifi c entrepreneurs to 
create actual fi rms. California Proposition 71, an implicit triple helix 
initiative, provides 3 billion dollars for stem cell R & D, utilizing debt-
funding mechanisms such as bond issues to provide grants to university 
research groups and biotechnology start- ups. The expectation is that a 
virtuous circle will be created, with intellectual property and equity in 
fi rms generated to pay off the public debt  incurred.

Nevertheless, signifi cant ethical issues develop at the interface, espe-
cially as individuals perform dual roles. Confl icts of interest may arise 
from individuals, holding positions in more than one organization, as 
in the California program to fund university research groups and bio-
technology fi rms. An individual’s fi nancial interest and even scientifi c 
judgment may be affected by holding two positions. On the other hand, 
holding these multiple standpoints facilitates technology transfer and 
scientifi c creativity. For example, Newcastle University has introduced 
a professors- of-practice (PoP) scheme to recruit serial entrepreneurs to 
its faculties. The ideal candidate is expected to be a PhD with industrial 
experience, for example a high- tech-fi rm entrepreneur who has developed 
ideas for advanced technology that are more appropriate to research in a 
university than in a fi rm  environment.

Confl ict of interest is transmuted into confl uence of interest in this 
model. A 50- percent appointment allows the PoP to establish a research 
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group and seek funds for its support while maintaining a serious involve-
ment in his or her fi rm. Based on the premise that knowledge may be 
theoretical and applied at one and the same time, and with appropriate 
guidelines and good will, such a ”dual life” person is expected to provide 
a role model for regular professors whose inventions may have entrepre-
neurial potential as well as infuse the university with new research ideas 
from industrial practice.

Resolving confl icts of interest and apparent confl icts is a continuous 
balancing act that must take into account retaining the advantages arising 
from confl uences of interest that are an outcome of individual involvement 
in two or more spheres. Strategies for dealing with confl icts include pub-
licly stating dual affi liations and removing oneself from decision- making
when two competing organizations are involved. However, necessary ex-
pertise can be lost if this principle is carried too far, as journal editors have 
discovered in allowing academics with connections to biotech fi rms to 
review contributions, despite their commercial involvement. With com-
mercial involvement the norm in this academic area, there would other-
wise be a paucity of reviewers.

The emergence of confl ict- of-interest issues may also be taken as a 
positive sign of organizational fl ux and creativity in rigid organizational 
structures. As has been succinctly noted, “no confl ict, no interest.” The 
university enhances itself and its role in society as it integrates its new 
mission of contributing to economic and social development into a pro-
ductive relationship with research and teaching, each inspiring the other, 
belying pessimistic theses of academic decline.11 Triple helix fi eld theory 
elucidates these roles and relationships.12

Triple helix fi eld theory13

Triple helix fi eld theory depicts helices with an internal core and external 
fi eld space (Figure 1.4). The model helps explain why the three spheres 
keep a relatively independent and distinct status, shows where inter-
actions take place, and explains why a dynamic triple helix can be formed 
with gradations between independence and interdependence, confl ict and 
confl uence of interest. Conversely, the model can be used to help identify 
when a sphere is in danger of losing its identity.

The university can play industry’s role, in assisting fi rm- formation and 
technology transfer, but not as a true enterprise. The same holds for in-
dustry and government. Industry may form university- like teaching and 
research entities, but it is unlikely to stray too far from its core mission. 
This explains the decline and even disappearance of these auxiliary enter-
prises in economic downturns.

An institutional sphere may lose its distinct character if it cannot main-
tain its relative independence. For example, an academically oriented 
start-up may focus too exclusively on research and lose its way to the 
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market. It is also very diffi cult for highly dependent spheres to interact 
in the external fi eld space, since the confusion of functions or roles inevi-
tably results in a disordered system. This explains why universities place 
their endowment funds in separate entities that operate on fi nancial prin-
ciples, separate from the academic enterprise.

On the other hand, technology transfer has been seen to be an exten-
sion of the academic research and teaching task and thus has been re-
tained within the academic core. Taking the role of the other does not 
necessarily imply loss of a sphere’s core identity—the notion that taking 
even the smallest step may result in an irrevocable transformation. Rather 
it may be an indicator of institutional change and renovation. The taking 
on of a new mission or role may enhance, as well as detract from, old 
ones. A careful balancing and willingness to experiment is the apparently 
contradictory, yet only healthy,  prescription.

When a fi eld exists with energy around it, the fi eld can act upon its 
surroundings. In an electric fi eld, for example, the action on charges 
put in a fi eld space is represented by the force of the electric fi eld. The 
endured force per unit charge is defi ned as the intensity of the electric 
fi eld, describing the strong or weak degree to which the fi eld infl uences 
the charge. Thus intensity of fi eld is introduced, indicating the degree to 
which helices promote innovation activities. If E represents the total fi eld 
intensity, and Eu, Ei, and Eg respectively represent the intensity of uni-
versity, industry, and government actions, then E = f (Eu, Ei, and Eg) the 
result of the interaction (Figure 1.5).14

Field theory illustrates the importance of limiting the transformation 
from laissez- faire to overlapping spheres or of not too sharply reduc-
ing a statist model, in order to retain each sphere’s independence while 
facilitating interaction. For example, if government is too strong, then a 

��

��
��

Figure 1.4 Triple helix fi eld interaction model.

U

G

I

Pathways to the triple helix  19



statist model might be formed. If the interactions among the three helices 
are too weak, there is not enough force to integrate them, leading to a
laissez-faire situation.

Analyzing lost or weak factors, “gaps,” and fi lling them helps create 
balanced triple helices. A regional innovation organizer (RIO) and 
regional innovation initiator (RII) exercise different yet related gap- fi lling 
capabilities. A RIO provides convening capabilities while an RII must 
have suffi cient prestige and authority to aggregate resources and initiate 
an enterprise.

The governors of New England convened regional academic, industrial,
and governmental leadership in a series of meetings from the late 1920s, 
but it was Karl Compton, the president of MIT, who eventually catalyzed 
ideas for science- based fi rm- formation and mobilized regional leadership 
to act. Conversely, when the New York Academy of Sciences convened 
a series of meetings of representatives of university, industry, and gov-
ernment to support knowledge- based economic development in the mid-
1990s, it was unable to make the transition from RIO to RII and to take 
discussion into action.

Triple helix circulation

Knowledge capitalization has various sources in industry, universities, and 
government institutes. When knowledge is transformed into capital, per-
sons from any originating organization may be potential entrepreneurs 
and founders of fi rms. A triple helix in which each strand may relate to 
the other two can be expected to develop an “overlay of communications, 
networks, and organizations among the helices.”15 Figure 1.6 refl ects the 
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Figure 1.5 Synthetic interaction of triple helix.
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spirally-developing triple helix: a synthesis of evolution in the vertical 
axis and circulation in the horizontal.

Triple helix fi eld interaction sheds light on why there is circulation, but 
it does not show what factors participate in it and how it works. Figure 
1.6 depicts a triple helix circulation that occurs on “macro and micro”
levels. Macro circulations move among the helices, while micro circula-
tions take place within a particular helix. The former create collaboration 
policies, projects, and networks while the latter consist of the outputs of 
individual helices.

Lateral social mobility, introduction of expertise from one social sphere 
to another, can stimulate hybridization, invention, and innovation of new 
social formats. Horizontal circulation is thus more likely to have a radi-
calizing effect than vertical circulation with its inherent conservative bias. 
Vertical circulation occurs through upward and downward movement of 
individuals within an institutional sphere, typically through recruitment 
of new persons of talent from lower strata, revivifying an elite.16

The university is the quintessential institution designed to promote 
lateral circulation through its educational function. Students arrive from 
families that are connected to different social spheres and some move on 
to new spheres, rather than reproducing old ones. Recently, lateral move-
ment has also taken place at the upper levels of the university, drawing in 
administrators and teachers, with skills gained in other social spheres and 
sending out professors to government and industry, with expertise needed 
in those institutions.

The movement across helices is sometimes viewed as creating confl icts 
of interest due to too close association of roles in different spheres. But 
the bright side is institutional cross- fertilization, whereby each helix is 
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Figure 1.6 Circulation of individuals in the triple helix.
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infused with new ideas and perspectives from the others through the cir-
culation of individuals. The emergence of confl icts of interest, until now 
viewed solely for their negative implications, may also be an augur of the 
invention of innovative roles and new organizational designs, especially 
ones that cross- cut traditional spheres.

Circulation of individuals

Personnel circulation around the triple helix has been called a “revolving
door.” The American sociologist C. Wright Mills (1958) strongly criticized 
this phenomenon as resulting in corporate dominance of government and 
untoward military infl uence in industry.17 People fl ow may also introduce 
ideas from one sphere to another, sparking collaborative projects and pro-
moting cross- institutional understanding. Indeed, lack of circulation of 
elites may be a cause of blocked development in countries whose leader-
ship has nowhere to go once they complete their term in offi ce.

At least three types of circulation can be identifi ed:

1 Unidirectional or permanent movement from one sphere to another.
On the university–industry interface, high- tech-fi rm entrepreneurs 
who were university professors exemplify the fl ow from university 
to industry, e.g. A. Bose moved from MIT to his acoustical fi rm while 
retaining a tie as adjunct professor. Reversely, from industry to uni-
versity, the archetypal fi gure is the coinventor of the transistor, Wil-
liam Bradford Shockley, who entered Stanford University as a faculty 
member from industry in 1963.

2 Dual life, or holding simultaneous signifi cant positions in two 
spheres, such as a half- time position in industry and a professorship.
Provost Terman invited Carl Djerassi, research director of the Syntex 
pharmaceutical fi rm, to be a chemistry professor at Stanford as part 
of the strategy of building steeples of excellence in focused fi elds with 
signifi cant intellectual and commercial potential, in this instance ster-
oid chemistry. Djerassi brought the fi rm’s R & D operation with him 
to Palo Alto from Mexico City and continued as research director as 
part of his arrangement with Stanford.18

3 Alternation, or signifi cant successive periods of time in more than one 
sphere. Stanford professor William Perry, for example, after a signifi -
cant business career and half- time professorship, served as secretary 
of defense and then returned to the university on a full- time basis.

Information circulation: innovation networks

Collaboration is premised on information communication that, in the in-
formation technology (IT) era, increasingly occurs through networks at 
various levels, from local to international. Some information net works are 
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designed to announce government policies and funding sources, cutting-
edge research results from universities and their implications for new tech-
nologies and industries; collaboration needs from industry. Others are 
also designed to support innovative regions. For example, Oresund, the 
cross-border region linked by a bridge between Copenhagen and Malmö,
is both an information communication network between Denmark and 
Sweden and an innovative region.19

Output circulation: reciprocity among actors

Reciprocity among actors and equality of contribution to innovation are 
further crucial factors. If there is a negative imbalance in contributions, 
a gap might appear in innovation; conversely a positive imbalance might 
stimulate other actors to increase their efforts. For example, the products 
of start- up fi rms in the nascent semiconductor industry in California ini-
tially caught the attention of the Department of Defense and NASA as a 
means to miniaturize equipment. The civilian expansion of that industry 
followed—scientifi c research results by scientists such as Shockley were 
recognized by industry, e.g. the potential of solid- state physics to create 
better telephone switching devices.

World War II was a key infl ection point, transforming university–
government relations. Prior to the war, most academic scientists were 
located in teaching universities, “where they had no opportunity to do re-
search . . . relocated by the war, they suddenly found themselves in well-
equipped laboratories and moved rapidly to apply their pent up energies 
and talents to the R & D needed for the war effort.”20 Exemplifi ed by 
Vannevar Bush, academics initiated policies for wartime mobilization of 
scientifi c talent and sought to attain both civilian and military objectives 
after the war.21

University faculties have accepted funding and policies to support 
entrepreneurial activities from government since World War II, scaling up 
research in key fi elds such as computer science.22 The confl uence of these 
forces transformed relatively modest university- originated regional innova-
tion dynamics in Boston and northern California into economic dyna-
mos. Silicon Valley has since metamorphosed into a global innovation 
organizer, importing start- ups and exporting future fi rm- founders to 
other regions world- wide in the Silicon Valley  diaspora.

Nonlinear innovation

Innovation increasingly combines market and scientifi c orientations. In 
the face of skepticism from the military sponsors of artifi cial- intelligence
research in the mid- 1970s, the head of the computing offi ce in the Defense 
Advanced Research Program (DARPA) of the US Defense  Department
concluded that it would be to the mutual advantage of all for the academic
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researchers to take an interest in their sponsors, practical problems: “the
shift will give the university research groups an engineering arm, a mar-
ketplace, customers, users. [That] integration will strengthen the basic 
work because there will be more feedback from real tests of the big new 
ideas.”23 The author of this statement, a psychologist involved in the 
early development of computer science as an academic discipline, the re-
doubtable J. C. R. Licklider of Internet origin fame, joined DARPA from 
MIT, after a stint at Bolt, Beranek, and Newman (BBN),24 a consulting 
and research fi rm.25

Figure 1.7 describes a nonlinear and netlike innovation model that may 
begin from different starting points among science, engineering, R & D, 
production, and marketing activity. For example, John Bardeen, one of 
the inventors of the transistor, “believed it made sense to look fi rst at the 
technological base and then work on developing the corresponding sci-
ence,” rather than the other way around, “fi nding something in science 
and then looking around for applications.”26 Thus an innovation may 
take place in the order of market → technology → science → technology 
→ R & D → production → marketing, or marketing → technology →
science → R & D → production → marketing, or any other way.

Conclusion: triple helix and classical social theory

Georg Simmel’s, Karl Marx’s, and Max Weber’s ideas inform the triple 
helix of interconnected and partially autonomous institutional spheres. 
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Figure 1.7 Non- linear and netlike pentagonal model of technological innovation.
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Simmel’s analysis of triadic relationships is given an institutional cast: 
university, industry, and government each may act as a tertius gaudens in-
stigating innovation.27 An interaction of two parties may become stuck, 
either in hyper- agreement (love) or in excessive confl ict, resulting in di-
vorce. A third factor allows a dispassionate element to be introduced into 
the relationship, mediating, and potentially reducing, the tendency to over-
identifi cation on the one hand and escalation of divisiveness on the other.

Marx laid the groundwork for a theory of differentiated social spheres 
by analyzing the separation of a capitalistic economy from the feudal 
social relations of medieval society. The shift from the household econ-
omy depicted by Aristotle, with production moved from home to factory 
and work separated from family life, was a key event.28 Marx also pos-
ited science as a source of the future economy, based on a single crucial 
instance: William Henry Perkin’s research on dyestuffs in England devel-
oped into an industry in Germany.

The growth of science- based technology, from the 17th century, inter-
secting with the emergence of independent institutional spheres in the 
18th century, founded a new dynamics of innovation. These two dimen-
sions came together in the creation of the research university in the 19th 
century, incorporating experimental science. The teaching laboratory was 
invented, scaling up the integration of research and teaching, including 
research with practical implications, as the university gained autonomy 
from other social spheres.29 These twin developments augured the trans-
ition from a society based on vertical stratifi cation in the premodern era 
to one increasingly based on horizontal relationships among institutional 
spheres.

The vertical hierarchies of the preindustrial and industrial eras—the
fi rst based on tradition, the second on expertise—are gradually super-
seded in the transition from an industrial to a knowledge- based society. 
A renovation in social relations occurs comparable to the one that took 
place during the transition to industrial society. The primary factor in 
each of these transformations is the role of knowledge in society. In 
feudal society, the most important knowledge was the lore of tradition, 
the taken- for- granted relationships of superiors and inferiors in society 
and the obligations that each owed to the other, whereas in industrial 
society it was the erudition of bureaucracy, how to carry out specifi c tasks 
under supervision, the understanding of the basis of willingness to accept 
orders from above, on the one hand, and the capacity of management to 
give relevant instructions, on the other.30

Three independent dimensions—economics, politics, and status (belief 
in the reality of social differences based on any criteria)—coexist in a rel-
ationship of mutual causation. Political power generates economic wealth 
and the ability to live off politics, while ideas may be translated into eco-
nomic and political power. In addition to the accumulation of technologi-
cal forces, ethical ideas associated with Protestantism were an impetus to 
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the rapid development of economic activity in the West.31 Other bases for 
innovation and societal transformation have since been identifi ed. The 
following chapter discusses the rise of the entrepreneurial university to 
become the lead institution in the triple helix.
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2 The entrepreneurial university

It is important for a medical university to be surrounded by an adequate 
infrastructure in the form of companies that create applications for re-
search, so that such research may benefi t the public. The reverse is also 
important: the university must respond to commercial issues and utilize 
commercial expertise.1

Introduction

The “capitalization of knowledge” is the heart of a new mission for the 
university, linking universities to users of knowledge more tightly and 
establishing the university as an economic actor in its own right. An en-
trepreneurial university rests on four pillars:

1  academic leadership able to formulate and implement a strategic 
vision;

2  legal control over academic resources, including physical property 
such as university buildings and intellectual property emanating from 
research;

3  organizational capacity to transfer technology through patenting, 
licensing, and incubation; and

4  an entrepreneurial ethos among administrators, faculty, and  students.

Transcending the development of signifi cant research strengths, the entre-
preneurial university mines research fi ndings for their technological poten-
tial and translates them into use. The university is a natural incubator, 
providing a support structure for teachers and students to initiate new 
ventures. Time and space, physical and social, is available to provide the 
groundwork for “new ventures,” whether political, intellectual, or com-
mercial, that are exportable across highly permeable boundaries. The 
university is also a seedbed for new scientifi c fi elds and new industrial 
sectors, each cross- fertilizing the other. Biotechnology is the recent prime 
example of this phenomenon as pharmacology was in the 17th century.



Beyond these “natural” entrepreneurial characteristics, an explicitly 
entrepreneurial university takes the lead in putting knowledge to use 
and in broadening the input into the creation of academic knowledge. 
The university must identify the areas of research and teaching that it 
will focus on to create “steeples of excellence” in order to attract signifi -
cant support and external funds. An entrepreneurial university also has 
the capacity to take in and address problems and needs from the larger 
society, making them the basis of new research projects and intellectual 
paradigms, creating a virtuous circle with internal intellectual develop-
ment. This chapter discusses the transition from the research to the entre-
preneurial university.

The entrepreneurial university

The transformation of the university into a recognized source of technol-
ogy, as well as of human resources and knowledge, has created other ca-
pabilities to formally transfer technologies than sole reliance on informal 
ties. In addition to providing new ideas to existing fi rms, universities are 
utilizing their research and teaching capabilities in advanced areas of sci-
ence and technology to form new fi rms. Universities have also extended 
their teaching capabilities from educating individuals to shaping organi-
zations in entrepreneurial education and incubation programs. The capi-
talization of knowledge changes the way that scientists view the results of 
their research. As the university becomes involved in technology transfer 
and fi rm- formation, it attains a new entrepreneurial identity.

The development of an entrepreneurial culture encourages faculty to 
look at their research results for their commercial as well as their intel-
lectual potential. A technology transfer offi ce, with a mandate to seek 
out commercializable technology from research and to market it to fi rms, 
educates faculty to take an interest in the utilization of their research 
when an entrepreneurial attitude is weak or non- existent. A culture of 
entrepreneurship may arise from having to seek external funds in order 
to conduct research. Alternatively, entrepreneurial attitudes and abilities 
may be formed in training programs purpose- built to achieve this objec-
tive. Scientists who want to achieve recognition from original results also 
see that their research can have commercial implications. They may par-
ticipate in the rewards that can be generated, without the two objectives 
interfering with each other.

The academic enterprise is transformed in parallel with the transition
to a knowledge- based economy—sometimes leading it, other times lag-
ging behind. The production of scientifi c knowledge has become an 
economic as well as an epistemological enterprise even as the economy 
increasingly operates on a knowledge- resource base.2 For the most 
part, this growth of science- related technologies has remained, “outside
the framework of economic models”3 even as the institutional spheres 
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of science, economy, university, and industry, which were hitherto rela-
tively separate and distinct, have become inextricably intertwined, often 
through governmental initiatives. Expectations that multinational fi rms 
or so- called national champions will be central economic actors in the 
future are receding. Rather, the key economic actor is increasingly ex-
pected to be a cluster of fi rms emanating from or at least closely associ-
ated with a university or other knowledge- producing institution.

The entrepreneurial university as driver of the triple helix

The entrepreneurial university is an academic institution that is under the 
control of neither government nor industry. Indeed, as the university in-
creases its entrepreneurial activities in relation to commercialization of 
research, existing industry may view the university as a competitor as well 
as partner, likely at one and the same time. Certainly, not every university 
fi ts the entrepreneurial model. There are universities that are focused pri-
marily on teaching or research, that are not interested in commercializing 
discoveries or participating in schemes for social improvement. Neverthe-
less, there is a global movement toward the transformation of academic 
institutions of various kinds (e.g. teaching colleges, research universities, 
polytechnics etc.) into entrepreneurial universities.

The entrepreneurial university has a strong degree of autonomy to set 
its own strategic direction, and participate with other institutional spheres, 
on an equal basis, in formulating joint projects for economic and social de-
velopment, especially at the regional level. The entrepreneurial university 
also incorporates the traditional critical functions of the university, typi-
cally exercised by students and a minority of faculty members. Critique 
may be focused on university functions, including university workers’
rights, commercialization activities, and research goals, as well as other 
aspects of society. That these various functions may coexist in tension as 
well as cooperation is part of the strength of the academic ethos.

The entrepreneurial university model has been extended from engi-
neering and business activities to social objectives. The Brazilian case has 
developed this potential most clearly through incubator projects directed 
at social inclusion. Realizing that the potential of the incubator for form-
ing organizations extends well beyond high- tech, and even the business 
fi rm, the incubator process has become a means of developing the rel-
ationship of the university to heretofore excluded sectors of society. The 
direction of the entrepreneurial university in other countries depends 
upon the values the university and society wish to realize. A strong em-
phasis on wealth creation, as is now current in the UK, is only one direc-
tion for academic development. Universities may undertake business and 
social development goals simultaneously, as in Brazil.
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The second academic revolution

An entrepreneurial university might seem to be an oxymoron, an antith-
esis of the ivory tower academic model. We usually think of an entrepre-
neur as an individual who takes great risks to initiate a new activity while 
organizations typically perform the function of institutionalizing and per-
petuating an activity. Yet the university and other knowledge- producing
institutions are viewed as generators of future economic growth in ever 
more direct ways. Academic entrepreneurship is an extension of teaching 
and research activities, on the one hand, and the internalization of tech-
nology transfer capabilities, taking a role traditionally played by industry, 
on the other.

The medieval university remit was the preservation and transmission 
of knowledge. The research university can be traced to the Humboldtian 
reform of the late 19th century, emphasizing the interconnection between 
teaching and research, the codifi cation of culture and the formation of the 
nation state.4 The fi rst academic revolution was the ongoing transition 
from a teaching to a research institution from the mid- 19th century.5 The 
second academic revolution is the university’s assumption of an economic 
and social development mission.6

The university is no longer the university of the Middle Ages, an iso-
lated community of scholars. It is no longer the university of the late 19th 
century, whether constituted according to the land grant or to the basic re-
search model. Translating the “land grant” model for a new era, the uni-
versity is currently taking up a more fundamental role in society, one that 
makes it crucial to future innovation, job creation, economic growth, and 
sustainability. This is why the university is now being focused upon as an 
increasingly important social institution. It is why it can be said to be play-
ing as important a role as C. Wright Mills argued that the military played 
in relation to federal government and industry during the Cold War.7

The transition to the entrepreneurial university enhances traditional 
academic missions just as new missions are enhanced by their association 
with old ones. The fi rst academic mission of education inspires a second 
mission of research that in turn propels a third mission of economic and 
social development. The entrepreneurial university is a growing contem-
porary phenomenon, with academia taking a leading role in an emerging 
mode of production based on continuing organizational and technologi-
cal innovation. This new mission is realized in different ways in various 
countries, depending upon previous academic traditions.

Universalization of academic entrepreneurship

The US entrepreneurial university is a direct outgrowth of each profes-
sor’s responsibility to fund their research. Entrepreneurship thus became 
a defi ning characteristic of US academia prior to the appearance of op-
portunities to commercialize knowledge. Nevertheless, a wide variety 
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of universities, including those traditionally most isolated from societal 
concerns, are also making the transition to an entrepreneurial mode. 
In Africa, the entrepreneurial model has emerged as the university has 
stepped in to solve national technological crises, creating spin- off fi rms 
as an unintended consequence. In Brazil, entrepreneurial education has 
spread throughout the university as part of an effort to encourage stu-
dents in all fi elds to engage in  innovation.

Encouraging the university to play a greater role in economic and social 
development is a common policy trend, with countries borrowing pro-
gram and policy ideas from one another. In Europe the commercialization 
of research has typically emerged as a top- down assignment from national 
government.8 Entrepreneurship is typically introduced in European uni-
versities by training students to carry out fi rm- formation activities rather 
than expecting the professor to take the lead. Entrepreneurial training 
is also a growing phenomenon in US PhD programs and European ac-
ademic entrepreneurs may increasingly be found in the UK, Spain, and 
elsewhere, so these two modes are certainly not mutually exclusive.

A dual overlapping network of academic research groups and start-
up fi rms, crosscut with alliances among large fi rms, universities, and the 
start-ups themselves, appears to be the emerging pattern of academic–
business intersection in biotechnology, computer science, and similar 
fi elds. An enhanced university role in innovation also involves the cre-
ation of new business concepts. Some of them may derive from formal 
research, like biotechnology from recombinant DNA. However, like the 
Google search engine, they may also arise from informal interactions 
among colleagues that result in a new idea. It has taken a further step of 
creating organizational and educational innovations within the university 
and through collaboration with external groups, such as business angel 
networks, to put academic ideas with industrial potential into practice.

Making patents from academic research and licensing them to fi rms 
through a technology transfer offi ce is one method; creating spin- off
fi rms, in an incubator facility, is  another.

More than 200 US universities currently maintain technology trans-
fer offi ces to facilitate the commercialization of research. Patents and li-
censes based on academic discoveries contribute over 40 billion dollars to 
the US economy and more than 300 fi rms were established based directly 
upon academic research in 1999. These economic outcomes were based 
on disclosures of commercial potential in research fi ndings that academic 
scientists made to their universities.9

Polyvalent knowledge

Faculty members, in both traditional and newly emerging science and 
engineering disciplines, increasingly view their research from a dual per-
spective of disciplinary contribution and practical use. Academic scientists 
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who have participated in the formation of fi rms typically look at their 
research in progress through a new lens. They have learned to take the 
perspective of the venture capitalists that they interact with during the 
fi rm- formation process to identify commercial opportunities in their re-
search projects. Rather than driving the university to short- term research 
goals, this new wave of interest in commercializing typically derives from 
basic research.

The potential for commercialization provides an additional impetus 
to long- term research projects that have potential for discontinuous in-
novation. A closing time gap between discovery and utilization, with the 
potential to enhance competitiveness and other changes in knowledge 
production, arises primarily from dynamics within the knowledge sphere 
itself. These drive these changes in the role of the university, making it a 
more fundamental institution for industrial productivity.

The underlying substrate for the emergence of an entrepreneurial 
university that retains the classic features of the “ivory tower” research 
university is the growth of polyvalent research fi elds with simultaneous 
theoretical, technological, and commercial potential.10 The recognition 
that knowledge is imbued with multiple attributes has encouraged the 
multiple roles both of academics and their involvement in biotechnology 
fi rms and of industrial researchers in academic pursuits. Univalent know-
ledge follows a sequence from basic to applied research, typically carried 
out in different time periods, at different sites, and by different persons. 
The emergence of polyvalent knowledge has called forth the concept of 
translational research (a fuzzier notion than applied research) and an 
activity that is closely associated with fundamental investigation and is 
more likely to be conducted in tandem. The unitary nature of knowledge 
also provides a framework for reconciling multiple academic missions 
and making them complementary.

In previous eras, academic type—public/private, technological/liberal 
arts, land grant/non- land grant—explained much of the different stances 
of universities toward industrial involvement. Similarly, discipline type—
engineering/basic research—provided between schools a clear distinction 
that could predict the presence or relative absence of industrial ties. A 
tectonic shift occurred with the emergence of biotechnology from molec-
ular biology. Some observers view this as a relatively unique and isolated 
development.11 However, it appears that the physical sciences are under-
going a similar transformation with the emergence of nanotechnology as 
a fi eld with conjoint theoretical, technological, and commercial implica-
tions. Moreover, some new disciplines, such as computer science, which 
grew as a synthesis of engineering and basic research, had this dual char-
acteristic from their inception and a second- order synthesis may also be 
identifi ed in the emergence of proto- disciplines such as bio- informatics.
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Origins of the entrepreneurial university

The formation of fi rms out of research activities at MIT and Harvard took 
place as early as the late 19th century in the fi elds of industrial consult-
ing and scientifi c instrumentation.12 However, these commercial entities 
were viewed as anomalies rather than as a normal outcome of academic 
research activities. Until the past two decades this skeptical view of fi rm-
formation was taken for granted by most faculty members and administra-
tors at liberal- arts research universities, as well. In recent years liberal- arts
universities have revised their view, making fi rm- formation part of the ac-
ademic enterprise through the formulation of policies regulating faculty 
participation and the establishment of administrative mechanisms such as 
licensing offi ces and incubator facilities to encourage the trend.

Although the formation of fi rms by academics is not a new phenome-
non, it is only recently that universities have encouraged their staff to take 
this step. Moreover, faculty members who participate in the formation of 
fi rms are also retaining their faculty positions, after taking a leave to start 
the fi rm. MIT was the fi rst academic institution during the early postwar 
era, followed by Stanford, to have a signifi cant number of faculty mem-
bers participate in the organization of fi rms, creating an entrepreneurial 
culture at these universities that encouraged other faculty members and 
graduate students to emulate their actions.

The entrepreneurial university emerged from two apparently contra-
dictory 19th- century university development strategies: the land grant 
university, including schools to improve agriculture, such as Berkeley, 
and industry, such as MIT, and the classic ivory tower universities, such 
as Johns Hopkins and Chicago, based on pure research. The research and 
land grant university modes, existing in parallel until quite recently, have 
converged due to the increasing relevance of basic research to technologi-
cal and industrial development.

As the university takes on a new role in society, it undergoes internal 
changes to integrate new functions and relationships. The “inner logic”
of the original academic mission has been widened from knowledge con-
servation (education) to include also knowledge creation (research) and 
then application of this new knowledge (entrepreneurship). Each suc-
cessive academic organizational innovation has given the university an 
enhanced ability to set its own strategic direction. The research univer-
sity emerged as a distinctive institutional format in the mid- 19th century, 
bringing together two activities, teaching and research, that had devel-
oped separately in colleges and scientifi c  societies.

German state governments played a crucial role in developing the re-
search university during the 18th century, using their control of the univer-
sity appointments process to make research accomplishment the decisive 
criterion. Professors were appointed and laboratories were supported, even 
over the objections of university authorities. German state governments, 
initially aware of the contribution a distinguished university faculty could 
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make to national prestige, soon also became aware of the contribution sci-
ence could make to economic development and funded it for that reason.13

The development of university–industry connections in Germany oc-
curred despite the increasing appeal of the pure- science ideal to many 
academic scientists. Many of the early German chemical manufacturers 
had been trained as chemists in the universities and that, no doubt, made 
it easier for them to relate to chemists who had remained in academia. It 
also made them aware of the worth of an academic connection for the 
scientists in their employ.

The social context of German academic science of that era is also in-
structive. The pharmaceutical origins of early German academic chem-
istry conditioned its practitioners to seek practical applications of their 
research skills. The apothecary connection to business provided a frame-
work for these chemists in which to think of developing chemical prod-
ucts for sale, as a pharmacist of that era would develop and market a 
medical preparation. Nor did the terms of university appointment, at that 
time, appear to preclude commercial ventures. Indeed, the German state 
governments who were the ultimate employers of academic chemists jus-
tifi ed their sponsorship of the discipline by the ability of its practitioners 
to originate useful products. The sporadic instances in which the German 
state governments initiated manufacturing operations upon professors’
recommendations and provided fi nancial backing for professors’ ventures 
prefi gure the more systematic current efforts of American state govern-
ments to use academic science for economic development.

The mid- 19th-century German ventures were an anomaly, not an ante-
cedent of current developments. Although close consulting relationships 
were established and maintained, especially between academic chemists 
and the chemical industry, the civil service status of the German professo-
riate precluded fi rm- formation. Thus there were no developmental links 
between efforts such as Liebig’s and the current situation.

The development of university–industry relations

Contemporary university–industry relations emanate from two distinct 
sources and an emerging third hybrid stream:

1  basic research interests funded by research councils and similar bodies;
2  an industrial project for which academic input is solicited; and
3  joint formulation of research programs with conjoint basic and ap-

plied goals and multiple funding sources.

Each of these orientations to research has its organizational correlate, 
even if they overlap and are not mutually exclusive. Basic research takes 
place in research groups that function as “quasi-fi rms,” science parks 
provide a home for research units of fi rms offering projects and collabo-
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rative opportunities to their academic counterparts, and centers provide a 
format to link research groups and fi rm researchers in a larger whole with 
a joint decision- making structure. A larger whole is created out of these 
elements as cognitive and organizational elements following the forward 
linear and reverse linear paths intersect and cross- fertilize each other.

As a third mission of contributing to economic and social development 
through technology transfer is integrated into the university in various 
ways, dissemination of academic knowledge takes place through patents 
as well as publication. The reward structure of academia has only just 
begun to be adjusted to accommodate this expansion in modes of dis-
semination. For example, Stanford recently changed its promotion crite-
ria to credit patenting activity. The source of this change may be traced 
to the rise of an entrepreneurial academic to the presidency of the univer-
sity. A similar event occurred at MIT with respect to consulting activity, 
when Vannevar Bush acceded to the deanship of the Engineering School 
in an earlier era.14 He turned down a committee report placing consulta-
tion under severe restrictions, saying that these were not the terms under 
which he had been recruited to MIT.

There are internal and external impetuses to this transformation. On 
the one hand, the increasing fi nancial resources required for the conduct 
of research inevitably led scientists to pay more attention to the tasks of 
fund-raising, and success at these tasks increasingly became a prerequi-
site for the ability to achieve success in research. On the other hand, op-
portunities for commercialization appeared in the meandering stream of 
research and an increasing number of scientists, from the early 20th cen-
tury, have found it productive to enhance their research programs with 
the input of industrial as well as disciplinary questions. Moreover, from 
the 1930s the regions and then the federal and state governments began 
to view the university, supported by venture capital instruments and incu-
bator facilities, as a source of economic development and renewal.

The fi rst step toward an academic entrepreneurial ethos is increased 
sensitivity to results with practical potential, followed by a willingness to 
participate in the realization of this potential.15 This change often occurs 
because outsiders pay attention to academic research for this very reason. 
The next step to an entrepreneurial academic ethos is the realization that 
working on practical problems posed by non- academics can have a dual 
potential. On the one hand, such work meets the needs of supporters of 
the academic enterprise and provides support to that enterprise. On the 
other hand, these research tasks for others may lead to the posing of new 
research questions with theoretical potential.

The entrepreneurial university joins a reverse linear dynamic of input 
from society to the classic linear model of disciplinary advance. Once 
the two processes operate in tandem—often through the university’s
technology transfer offi ce, moving relevant knowledge and technology 
out of the university, bringing problems in—an interactive process is 
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generated in which each linear starting point enhances the other. The uni-
versity’s incubator facility, housing both fi rms generated from academic 
research and fi rms brought into the university’s orbit by entrepreneurs 
seeking enhancement through a closer connection to the academic scene, 
exemplifi es the interactive  dynamic.

A two- way fl ow of infl uence is created between the university and an 
increasingly knowledge- based society as the distance between institutional 
spheres is reduced. Universities negotiate partnerships with start- up fi rms 
emanating from academic research in which they invest intellectual and 
fi nancial capital in exchange for equity. They also make broad arrange-
ments with R & D- intensive fi rms for funds in exchange for preferred 
access to patent rights and adjunct faculty status for company research-
ers. The content and formats for teaching, research, and linkage itself are 
also affected. The assumption of an active role in economic development 
leaves existing academic missions in place, but it also encourages them to 
be carried out in new ways.

The development of technology transfer typically begins with a liaison 
offi ce, going a step beyond producing trained graduates and publications to 
take knowledge out of the university. Universities have established  liaison
offi ces to facilitate contacts, formalizing the process by which fi rms often 
make their own contacts through former students and personal connec-
tions. An individual liaison offi cer may take responsibility for organizing 
interactions between a department or research unit and a group of inter-
ested fi rms. This may take the form of individual meetings, possibly lead-
ing to consultation contracts or presentations of a unit’s work, typically 
through graduate student talks, to a group of fi rms on a regular basis.
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Figure 2.1 The evolution of university technology transfer capabilities.
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In a second stage, the university develops the organizational capacity
to patent, market, and license intellectual property. The technology trans-
fer offi ce operates as a dual search mechanism, pulling technology out 
of university research groups on the one hand, and fi nding a place for it 
on the other. In recent years universities have explored various ways to 
add value to early- stage university technologies by conducting marketing 
surveys, seeking development support, and embodying the technology in 
a fi rm.

In a third stage, knowledge and technology are embodied in a fi rm and 
moved out of the university by an entrepreneur. Firm- formation from aca-
demic research was an informal activity for many years, beginning with 
instrumentation companies arising from work at MIT and Harvard in 
the late 19th century. The initial formalization of this process took place 
through the invention of the venture capital fi rm, which provided an ex-
ternal support structure for fi rm- formation projects that were often in-
itially located in available space in academic buildings. The incubator, 
a formal organization providing space and other assistance to nascent 
fi rms emanating from academic research, was introduced during the early 
1980s at Renssellear Polytechnic Institute, a school (in Troy, New York) 
lacking a tradition of fi rm- formation, and has been widely utilized since.

The university as entrepreneur

To be an entrepreneur, a university has to have a considerable degree of 
independence from the state and industry but also a high degree of inter-
action with these institutional spheres. If a university system operates as 
it formerly did in Sweden, where the Ministry of Higher Education de-
cided how many students would be admitted each year to each discipline, 
there is hardly the possibility to have suffi cient autonomy on which to 
base an entrepreneurial university. The fi rst requisite is that the university 
has some control over its own strategic direction.16

The second requisite is that it is in close interaction with the other 
spheres, that it is not an ivory tower university isolated from society. This 
means that the university takes a strategic view of its own development 
and its relationship with potential partners, but there is much more to it 
than that. On the one hand the relationship of the university with society 
changes, while on the other hand there is a renovation of the internal 
structure of the university. The classical teaching college still exists in 
the US and Ireland, but we shall treat it as a peripheral “fi rst” cell in 
our model of the entrepreneurial university. However, it is the original 
stem cell of academia, the base from which universities have been built 
until quite recently, when a new line of academic development, a fourth 
cell, has emerged from science parks and fi rms, from a base rooted in 
economic activities rather than from a teaching and educational base 
rooted in the preservation and transmission of knowledge.
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The transitional entrepreneurial university

The fi rst variant of the entrepreneurial university is in a transitional phase 
from the research university. Thus the transitional entrepreneurial univer-
sity, cell two in our table, continues to operate with problem formulation 
and research goals as internal processes that take place within scientifi c 
disciplines and academic research groups. What is different is that the 
economically and socially useful results from the so- called “meandering
stream of basic research” are taken into account and specifi c steps are 
taken to see that they are utilized. A series of organizational mechanisms 
(e.g. liaison and patent offi ces) are created to arrange their transfer across 
the strong boundaries still existing between the university and the larger 
society. The innovation model is an assisted linear model, with transfer 
mechanisms, in contrast to the classic research university, based on a pure 
linear model in which knowledge fl ows through graduated students, pub-
lications, and conferences.

The full-fl edged entrepreneurial university

The most important characteristic of the full- fl edged entrepreneurial uni-
versity is that research- problem defi nition comes from outside sources as 
well as from within the university and scientifi c disciplines. In its fullest 
form the defi nition of research problems arises as a joint project from an 
interaction between university researchers and external sources. Indeed, 
what would have been considered “external” in the previous model is 
less so when boundaries are reduced. Just as there is a two- way fl ow be-
tween teaching and research in the classic research university model, so 
too there is now a two- way fl ow between research and economic and 
social activities. Although quantitative data are limited, a signifi cant but 
continually expanding group of academic scientists and engineers, and 
disciplines and subdisciplines, engage in industrial interactions that tran-
scend traditional dissemination of knowledge.17

The entrepreneurial university takes the initiative to put knowledge to 
use. There are various organizational mechanisms for this purpose that 
work differently in different countries. Ownership rights to intellectual 
property can be shared among inventors and the university, as they are 
in the US; in Sweden they are entirely owned by the professor. However, 
university “holding companies” have been established to buy those rights 
and commercialize them. As the university becomes involved in technol-
ogy transfer and fi rm- formation, it attains a new entrepreneurial identity. 
This is part of a long- term trend in which business expertise, formerly 
localized within the university in extra- academic functions, is extended to 
traditional academic fi elds.

The third cell is a new entrepreneurial university, organized on the 
base of a science park, research institute, or group of fi rms. Such aca-
demic institutions have begun as an extension of a fi rm or research insti-
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tute. Examples include the PhD program in the policy sciences sponsored 
by the RAND Corporation in the US and the development of the Blekinge 
Institute of Technology on the base of the Soft Center science park in 
Karlskronna Ronneby, Sweden. In this model knowledge- based economic 
activity precedes the development of academic work, which is then built 
upon and closely tied to its originating source. The university, at least in 
its initial phases, is an extension of the science park, research institute, or 
group of fi rms. Eventually the academic activities may grow into a fully 
fl edged entrepreneurial  university.

The fourth cell is the integration of entrepreneurial activities into the 
regular academic work of the university. This means that entrepreneurial 
training is available to all students. Just as students learn to write a per-
sonal essay to express their thoughts, a scientifi c paper to test hypoth-
eses against evidence, so they should learn to write a business plan to
set forth a project to accomplish, a method to reach that goal, and a 
market test. Furthermore, just as the laboratory is alongside the class-
room, so should the incubator facility be part of each academic depart-
ment, with the incubator—as a trainer of organizations—seen as an 
educational as well as an economic- development arm of the university. 
The full-fl edged entrepreneurial university is a seamless web of teaching, 
research, and entrepreneurial activities, with each supporting the other.

The legitimization of academic entrepreneurship

Organizational mechanisms for technology transfer, invented earlier in 
the 20th century at MIT, have since spread to a broader range of aca-
demic institutions. The American model was institutionalized in 1980 
by amendment to the Patent and Trademark Law, the Bayh- Dole Act, 
through which the US Congress turned over to universities intangible in-
tellectual property arising from federally supported academic research.

The Bayh- Dole Act of 1980 resolved the contradiction between gov-
ernment ownership of intellectual- property rights in the research that it 
funded at universities and the wish to see those rights put to use. Bayh-
Dole created an intellectual- property development system that combined 
private and public benefi ts in a balanced framework. The Bayh- Dole
regime took into account the need to incentivize all participants to simul-
taneously advance commercialization and maximize access to knowledge 
created with government funds. While university technology transfer 
pre-dates Bayh- Dole and was on an upward trajectory at the time of its 
passage, the act codifi ed and legitimized a set of informal practices and 
relationships that had emerged among university, industry, and govern-
ment during the preceding century.

The act resolved the free- rider problems that companies faced in deal-
ing with government- owned, university- originated intellectual property. A 
fi rm feared that if it went ahead and spent considerable sums  developing a 
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successful technology then a second fi rm would come along and demand 
access on the grounds that the technology had been funded with taxpayer 
monies. By placing this intellectual property securely within the uni-
versity, a fi rm could be guaranteed that when an exclusive license was 
granted, it would hold. Technology transfer offi ces uniformly accept the 
validity and necessity of the law. Not only does it provide a basis for 
technology transfer, it also encourages faculty to participate since they 
are guaranteed a signifi cant share of the income, in contrast to corporate 
employees who are at the mercy of their employer.

Academic transformation and continuity

A major reason for this broadening of the university’s role was its cost-
effectiveness: combining research and teaching was far less expensive 
than maintaining separate institutions for each purpose, as became com-
monplace in Europe. Nevertheless, although some still lament the em-
phasis that universities now place on research, proponents of expanding 
the university’s mission have for the most part been vindicated on peda-
gogical grounds. The knowledge generated by faculty members’ research 
infuses their teaching with relevance and vitality. Opposition to universi-
ties’ new entrepreneurial role is likely to undergo a similar evolution. For, 
as in the case of disputes over faculty involvement in research, confl icts of 
interest over the commercialization of research are symptoms of change 
in academic mission.

Maintaining boundaries between public science and private appro-
priation is becoming less of an issue than developing technology transfer 
formats that enhance research as well as commercialization. Technology 
transfer offi ces fi nd that they have to expand their role by assisting faculty 
members in obtaining research funds to explore the technological impli-
cations of their research in order to arrive at a patent application. Once 
protection of intellectual property is achieved, such offi ces often fi nd that 
in order to move a technology into use they have to extend themselves 
beyond marketing licenses to assist in fi rm- formation, even if the long-
term objective is transfer to an existing fi rm.

Once academic research is defi ned as a marketable good and treated as 
intellectual property, the traditional forms of dissemination, such as pub-
lication in academic journals and presentations at conferences, persist. 
Indeed, having a paper published in a major journal can help a company 
seeking funds and even increase the value of its stock. As universities 
become entrepreneurs, they do not give up their previous functions of 
teaching and disinterested research. Academic research groups and
science-based start- ups exist along a continuum, with attention to re-
wards of recognition and fi nance. University spin- offs fi nd it to their 
advantage in attracting investors to participate in the elaboration of the 
original discovery, and publish together with their academic collabora-
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tors. Licensing, joint ventures, marketing, and sales of products pro-
vide additional venues for knowledge dissemination to broader areas of 
society, above and beyond  publication.

The norms of the entrepreneurial university

The entrepreneurial academic model can be expressed in fi ve norms. 
These norms for entrepreneurship and their opposites are in fruitful ten-
sion with each other. The optimal result will be reached when there is a 
balance between them. They may serve as guidelines for the transforma-
tion of academic institutions.

1 Capitalization. Knowledge is created and transmitted for use as well 
as for disciplinary advance; the capitalization of knowledge becomes 
the basis for economic and social development and thus of an en-
hanced role for the university in society.

2 Interdependence. The entrepreneurial university interacts closely 
with industry and government; it is not an ivory tower isolated from 
society.

3 Independence. The entrepreneurial university is a relatively inde-
pendent institution; it is not a dependent creature of another institu-
tional sphere.

4 Hybridization. The resolution of the tensions between the princi-
ples of interdependence and independence is an impetus to the cre-
ation of hybrid organizational formats to realize both objectives 
simultaneously.

5 Refl exivity. There is a continuing renovation both of the internal 
structure of the university as its relation to industry and government 
changes and of that of industry and government as their relationships 
with the university are revised.

Conclusion

The transformation of academia from a “secondary” to a “primary” in-
stitution is an unexpected outcome of the institutional development of 
modern society.18 In consequence, “the knowledge industry in modern 
societies is no longer a minor affair run by an intellectual elite, an activ-
ity that might be considered by pragmatic leaders as expendable; it is a 
mammoth enterprise on a par with heavy industry, and just as necessary 
to the country in which it is situated.”19 The location of academic re-
search was previously of little account since results, embodied in papers 
and publications, could be seen to be capable of fl owing anywhere. As the 
practical implications of research arise ever closer in time to the making 
of a discovery, the location of research becomes a political issue, relevant 
to every local economy. It leads government, at different levels, as well as 
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companies and universities themselves, to explore ways for knowledge-
producing institutions to make a greater contribution to the economy 
and to society.

Increased knowledge production does not translate readily into in-
creased economic productivity, even given a decent respect for the time 
requirements of knowledge fl ows across institutional, political, and or-
ganizational boundaries. A more hands- on approach to innovation is 
being introduced in countries and regions at different levels of scientifi c, 
economic, and social development. Innovation analysts have examined 
the sources and consequences of these efforts, without reaching consensus 
on the relationship between research and outcomes. There is only a pre-
sumption that the relationship is strengthening, or can be strengthened, 
even when it is weak. The Swedish paradox of high R & D spending with 
an apparently relatively low return from this investment exemplifi es a 
broader innovation paradox—gaps in the relationships between science, 
technology, and industry—that manifests itself in different situations.

In the US there is a gap between research and development, the so-
called “valley of death” that is only partially fi lled by public venture 
capital. In Brazil, despite a growing incubator movement, there is an 
insuffi cient supply of high- tech start- ups to utilize the public funds that 
have recently become available to jump- start a venture capital industry. 
On the other hand, the UK has until quite recently starved its universi-
ties of research funding, calling into question the viability of its science 
base as a platform for innovation. Developing countries have to contend 
with a broader range of gaps, given a weaker institutional infrastructure. 
Nevertheless, for various historical reasons universities have been estab-
lished in virtually every part of the world, making available a potential 
platform for knowledge- based innovation.
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3 The evolution of the fi rm

Firm-formation is increasingly central to innovation strategy. The typical 
large-fi rm innovation decision- making process compares present profi ts 
from existing technologies with the diffi cult start- up phase of products 
based on new technology. The investment required by the new product 
is balanced against profi ts that might be made from further investment 
in existing products and the latter path is usually taken. The potential for 
the new product cannibalizing the market for the old is another counter-
weight to internal innovation. Some fi rms, like GE, that formerly based 
their growth on new products emanating from research have, in recent 
decades, given up this strategy in favor of acquisition.1

Sometimes top management, does not comprehend the potential of its 
lab’s accomplishments. Xerox believed its PARC Lab advances in com-
puter technology were too far removed from the fi rm’s business in docu-
ment reproduction. Failure to pursue innovation may inspire employees 
to leave and start a fi rm based on the new technology. Indeed, a large fi rm 
may recognize the effi cacy of spin- off, assist the process, and take a share 
of the equity in return. Even when a fi rm opposes the process and brings 
a lawsuit against its former employees, an agreement is typically negoti-
ated that recognizes the validity of the spin- off with a payment to the 
originating fi rm. For example, Texas Instrument tried and failed to halt 
the exodus of members of its personal computer development group who 
founded the Compaq corporation in the early 1980s.

As industrial fi rms downsize, the knowledge- based fi rm, as a spin- out
from either an existing fi rm or an academic research group, is emerging 
as an engine of economic growth. Growing a new fi rm from indigenous 
advanced research, rather than attracting a branch plant from elsewhere, 
is increasingly recognized as a superior strategy. Failure is nobody’s child 
but new fi rms often spring out of a failed start- up in a fi ssion process. 
Knowledge-based fi rms also often have a prehistory in which their format 
is akin to an academic research project. This chapter discusses the en-
hancement of the knowledge- based fi rm- formation process through inter-
action with university and government.



The fi rm in the triple helix

Entrepreneurial universities, far- sighted governments, and existing fi rms 
increasingly pursue growth strategies based on academic innovation and 
incubation.2 As fi rms seek discontinuous innovation they tend to part-
ner, fi rst with entities similar to themselves and then with more dissimilar 
organizations, like large pharmaceutical fi rms with biotech start- ups and 
university centers. More recently, large fi rms have moved units to science 
parks in order to collaborate more closely with academic research groups 
to develop new products as well as to recruit and keep an eye on discov-
eries with commercial implications.3

High-tech fi rm- formation is typically the result of an entrepreneurial 
process that has inputs from multiple sources. Nevertheless, it is often an 
individual with a new vision for recombining existing elements in a new 
way, or the inventor or innovator of a far- reaching technology who pos-
sesses highly developed social skills, like Thomas A. Edison or Bill Gates, 
who becomes the exponent of a new industrial or service sector. How-
ever, other contributions to fi rm- formation are often forgotten, given the 
tendency in the US to focus on the individual entrepreneur rather the en-
trepreneurial process that typically involves a group of people with com-
plementary technical and business skills.4

Behind the simple story of the capturing of an opportunity by a single 
heroic entrepreneur, there is almost always a more complex tale of the 
development of highly skilled human capital, resistance from established 
structures, and support from a variety of government programs, and a 
decade, or more, of fi rm- formation struggle. The story of fi rm- formation
as a collaborative process is told more readily in communal societies such 
as Sweden where an entrepreneurial initiative is explicitly a collective de-
cision. Indeed, the project typically does not go forward without a group 
behind it. But is that process really so different from the one that led Paul 
Allen and Bill Gates to leave Harvard after their fi rst year in order to 
catch the wave of the personal- computer revolution?

Firms appearing out of academia usually keep close contact with their 
source of origin, resulting in an industrial penumbra surrounding the uni-
versity. In nascent US high- tech regions, there may also be colocation on 
campus of fi rm and academic research groups, with representatives of 
government programs visiting regularly or operating from local offi ces 
nearby.5 A new mode of production, based on academic research and 
triple helix relations, is emerging out of the chrysalis of innovation sys-
tems focused on the fi rm.

The emergence of the triple helix fi rm

The American model of knowledge commercialization is based on con-
necting the patent system to the intellectual output of the university re-
search group, on the one hand, and integrating the research group into 
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an organizational network of transfer offi ces, incubator facilities, and 
venture capital fi rms, on the other. Initially, at MIT this process used the 
traditional academic committee to review inventions and an intermediary 
organization, the research corporation, to market the patents to industry. 
The next step was the creation of an organization within the university, 
the technology transfer offi ce, to carry out this task on a more intensive 
basis.

In either format, either as a branch of the university or as a free-
standing entity, a search mechanism was introduced to identify commer-
cializable knowledge within the university and to market it to potential 
users. Although these mechanisms were often created to move knowledge 
and technology to existing fi rms, there has been a gradual shift in focus to 
the start- up process, both to maximize revenues and to fi nd an outlet for 
knowledge and technology that is beyond the purview of existing fi rms. 
During the 1930s Stanford University operated a “patent pool” on behalf 
of electronics fi rms that had either spun out from the university or were 
working closely with it. This practice exemplifi es a collaborative innova-
tion strategy linking a university and a group of fi rms whose product de-
velopment efforts were largely based on university inventions.

The essence of the US multilayered system, drawing on inputs and sup-
port from academia and government at various levels, is a focus on fi rm-
formation in emerging technology areas. Reducing risk and compressing 
time frames in the transition of knowledge to utilization is the primary 
objective. The period of gestation for high- tech growth fi rms based on 
discontinuous innovation is relatively long, typically at least a decade. 
Firms with genuine innovations in business models and technology take a 
slower route than “copycats” that do not rely on innovation. It is a path 
that, due to its extended time frame, often eschews private in favor of 
public venture capital, by necessity or design.

The “bright” side of the venture capital model is driven by the poten-
tial for industrial and social innovation that new technologies, such as 
the electric light in the late 19th century and nanotechnology at present, 
make possible. The “dark” side came to the forefront during the late 
1990s when venture capitalists eschewed a relatively long- term strategy 
of fi ve or more years to exit in 18 or even 12 months. A technology entre-
preneur noted in a personal interview

If you look at successful companies, there has been a big shakeout. 
Enormous amounts of investment were done. Look at the companies 
left standing. Most of those companies did not get early investments. 
They were able to slowly develop their technical and business teams, 
gain experience in their markets, make their mistakes; get over them.

Often, government R & D funds provided the means to get through the 
so-called valley of death, between proof of the concept of a technology
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and achievement of a stable revenue stream from product sales. A tech-
nology entrepreneur in a fi eld that was “out of favor” with venture capital 
during the bubble said in a personal interview, “It was clear that nobody 
was investing in the company so I decided to get a government grant.”

Firm-formation, based on new technology, involves a process of tech-
nical and business partners getting acquainted, building trust, and form-
ing long- term alliances. Cross- fertilization between the two perspectives is 
also the key to innovation. The building of creative relationships between 
technical and business people is an essential part of a fi rm- formation pro-
cess that is much more than a simple investment of funds in exchange for 
a share of ownership in a start- up fi rm. A business partner may realize a 
technology has implications that were not seen by the technical entrepre-
neur or, even if noted by them, may not have been viewed as feasible to 
follow up until the suggestion came from the partner.

The establishment of a balanced technology–business collaboration 
during the fi rm- formation process is the key to the creation of a start- up
with signifi cant growth potential, rather than a fi rm focused on research 
or technology development. A technology entrepreneur said in a personal 
interview that for her fi rm,

The key event was when a small investment bank decided to help me 
create a company. I had a software technology for children and was 
marching around to potential investors. I always knew that business 
applications was a possibility but did not think I was credible at cre-
ating that business. So when they said that was what they wanted to 
do, that is when we started the company.

The involvement of a university faculty as a collaborator, as well as the 
investment bank, enhanced the nascent fi rm’s credibility on both the re-
search and market sides, helping it to obtain an advanced- technology de-
velopment grant.

Government, university, and the private sector play various roles, in 
different combinations, to assist fi rm- formation and growth in the US. 
Nevertheless, despite the decades- long existence of government support 
for fi rm- formation, the concept of public venture capital is relatively un-
known, and is even viewed as a contradiction in terms. Although this 
perception is changing, many technology entrepreneurs still cannot im-
agine that government programs can provide funds that can help them 
start a fi rm and so do not apply. Several years ago, two workshops were 
held simultaneously at a software industry conference; the one on pri-
vate venture capital attracted a large number of people and the other, on 
public venture capital, attracted only a very few including two innovation 
researchers.6

Since relatively few Americans are willing to admit the considerable 
role that government plays in knowledge commercialization, given the 
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strong cultural emphasis on the individual entrepreneur and the private 
sector, the idea of university and government as a source of economic 
initiative tends to be suppressed. A strong ideological tradition presumes 
that the successful entrepreneur arises from humble circumstances, like a 
character in a “Horatio Alger’’ story. Even William Gates of Microsoft, 
scion of a prominent Seattle family, is subsumed into this myth. Just as 
an American system of manufactures, based on interchangeable parts in 
machines, was identifi ed in the mid- 19th century, a triple helix of uni-
versity, industry, and government, each “taking the role of the other” in 
society, can be identifi ed today.

The fi rm in the university

The phenomenon of fi rm- formation from academic research has its roots 
in the way that research was institutionalized in American universities 
from the mid- 19th century. Professors, already paid for teaching duties, 
assumed research responsibilities. With modest fi nancial support, gradu-
ate students assisted professors at the same time as they received their 
training. Students entered the laboratories and left with their degrees 
within relatively few years, creating a continual stream of new people 
with new ideas going in both directions from university to industry and 
vice versa. Based upon the premise that industrial interaction was essen-
tial for a great school, encouraging fi rm- formation was part of a strategy 
for developing the Stanford Engineering School which was located at a 
rural site in the late 19th century.

This system was productive and cost- effective due to the low rates of 
pay and the high level of results obtained. It expanded in a modest way, 
with support from foundation and industry in the early 20th century. In 
the post- World War II era, a huge decentralized research infrastructure 
has arisen, spanning old and newly emerging research universities. Scaled 
up to support military research at a few leading universities during World 
War II, expansion of the academic research system is currently driven 
by the desire to renew the economic base of every part of the country. 
Research universities consist of a series of such “quasi-fi rms,” often ag-
gregated into centers, linking groups to achieve larger theoretical and 
practical objectives simultaneously.

As recently as the early postwar period, the concentration of research 
at a few leading universities on the East and West Coasts, and a few 
Midwestern schools, could be accepted on the grounds that knowledge 
could fl ow freely to wherever it was needed. However, once it was widely 
recognized, as early as the 1960s, that new industrial agglomerations in 
electronics and computers, and then in biotechnology, were appearing 
adjacent to universities that had attained early distinction in these fi elds, 
the race was on to found or enhance local universities elsewhere explicitly 
to attain that goal.
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Academic scientists, perforce, had to focus on the organizational and 
economic aspects of research, even apart from involvement in commer-
cialization. Professors are typically compelled to remove themselves from 
the bench to devote virtually all their time to organizational and intel-
lectual tasks as the size of the group increases to seven or eight members. 
At this scale, the professor has become a research manager, even though 
he or she is still an academic and is offi cially called an “individual inves-
tigator.” Often persons in this situation describe themselves as “running
a small business,” since they see themselves as responsible not only for 
their own funding but for that of several other people.

These developments laid the groundwork for the contemporary phe-
nomenon of the formation of fi rms by scientists who treat scientifi c 
discoveries as marketable goods. It is not a long step from running a 
quasi-fi rm to starting an actual fi rm. Indeed, scientists involved in the 
organization of research groups, fi rms, and centers sometimes say that 
they do more “business” in managing a center than in running a start- up.

European professors, by contrast, have had less impetus to be entrepre-
neurial until quite recently. Research funds were attached to the position. 
Junior faculty members were expected to work for senior faculty. This is 
in sharp contrast to the US assistant professor, who has the responsibility 
to seek research support from the time of their initial appointment. Given 
these strong differences in academic traditions, European universities 
wishing to foster entrepreneurship have established training programs 
designed to create fi rms as well as educate students in the new  discipline.

The focus on educating entrepreneurs and training groups of students 
as fi rms may explain some of the recent rise in high- tech fi rm- formation
in Sweden, a country previously noted for its concentration of large mid-
level technology fi rms. A tightly knit group of fi rms and families has pro-
vided a core economic structure in Sweden for decades. Following the 
introduction of mechanical industry in the 19th century, a relatively small 
number of fi rms have dominated each industrial sector.7 Historically an 
implicit public–private agreement to keep wages relatively low, allowing 
fi rms to retain a relatively high portion of profi ts, in exchange for social 
welfare benefi ts from government provided a stable economic and social 
foundation until quite recently. However, a hemorrhage that could not 
be staunched developed from the 1970s, with the decline of traditional 
industries like shipbuilding and textiles and the emigration of some fi rms 
or loss of control of others to foreign owners.

The apparent need to create a new generation of entrepreneurial fi rms 
as a source of growth has become increasingly central to the economic and 
political agenda. The establishment of entrepreneurial training programs 
in universities and the emergence of popular music and software sectors 
augurs the beginnings of a new economy, based on various in tangible
goods, organized as economic entities in non- traditional formats.
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The university in the fi rm

A special graduation ceremony of fi rms from the incubator facility at the 
Pontifi cal Catholic University of Rio de Janeiro exemplifi es the crossover 
of the university’s economic development mission with its teaching mis-
sion. The event marked the departure of fi rms from the university’s in-
cubator, “Project Genesis.” The incubator follows the academic training 
model by mandating the fi rm to stay for a limited period of 2–3 years 
before “graduation” and movement to a commercial  location.

The rector opened the ceremony with a brief mass and speech about re-
alizing dreams. A representative of each fi rm came forward to tell what had 
been accomplished during the time in the incubator. Most fi rms focused on 
software development emanating from computer science; some maintained 
links to academic research. One company arose from an applied- physics
research group—which had itself spun out of the physics department—to
develop oil exploration technology. The role of the university extends after 
graduation through a “club” linking groups of alumni fi rms with potential 
partners, typically drawn from companies of older alumni.

While ideas for new fi rms continue to come from people working in 
large or small companies, a university research project is increasingly a 
source of new fi rm ideas in an increasing number of fi elds, ranging from 
biotechnology to fi nance. The role of the university in fi rm- formation,
once considered a happenstance anomaly, is becoming a regular part of 
the academic enterprise. Indeed, in sponsoring entrepreneurial training 
programs that take groups of students through the start- up process, the 
university is a teacher of organizations.

The reconceptualization of fi rm- formation as an educational activity 
has been diffi cult to discern since it typically takes place in incubators 
that are usually viewed as part of the university’s technology transfer 
activities rather than its educational mission. Nevertheless, just as the 
university trains individual students in classrooms and laboratories and 
sends them out into the world, it performs the same function for organi-
zations in its incubator facilities.

The evolution of the fi rm

The production and sale of knowledge of various kinds has become a 
core business activity of companies such as Entelos, a small modeling 
fi rm that reverse- engineers the biological pathways of ailments for phar-
maceutical fi rms.8 Even as knowledge is increasingly codifi ed as intellec-
tual property by individual fi rms, the value of some kinds of knowledge 
depends upon it being shared across fi rms’ boundaries, such as stand-
ards according to which a family of products (e.g. GSM mobile wireless) 
operates. The paradox is that an individual company standard can be 
worth less than one that cuts across an industry, even though no single 
fi rm  controls the latter.
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The dream is to virtually control a standard like Microsoft’s operating
system and thereby capture enormous revenues. Nevertheless, although 
single fi rms sometimes control most or all of a standard, there is typically 
a process of negotiation among fi rms, sometimes regulated by govern-
ment, national or multinational, to establish a single platform on which 
an entire industry is built. Thus agreement on a single standard for 
mobile wireless in Europe gave European fi rms a competitive advantage 
over US fi rms, where various fi rms were unsuccessfully trying to impose 
their standard on the industry.

From the late 19th century, industrial fi rms shifted control over know-
ledge up the corporate hierarchy, removing it from worker control and plac-
ing it in a professional engineering corps under strict managerial control. 
While management gained increased control over the production process, 
the fi rm lost the means to utilize improvements made by production- line
workers. By contrast, encouraging and rewarding worker input became a 
hallmark of Japanese industrial fi rms during the postwar era.

This process was formalized by the Japanese adoption of statistical 
practices originated in the US, allowing innovations made by all employ-
ees to be tracked as problems were identifi ed and solved. The transition 
of industrial fi rms to a knowledge format parallels the evolution of the 
fi rm from an organizational format for the production of physical goods, 
with knowledge as an ancillary component, to the production of intangi-
ble goods, such as software, that may not have a physical embodiment.

Academic origins and government programs, at various levels, foster-
ing university–industry collaborations to stimulate start- ups, necessitate 
revision in the concept of the fi rm. A fi rm is usually thought of as a busi-
ness, with products going out and revenues coming in, until bankruptcy 
do us part. A triple helix fi rm based on organizational and technological 
innovation, occurring through networks across institutional spheres, dif-
fers from the “contractual fi rm,” based upon transactions across discrete 
boundaries.9

Whereas the traditional fi rm, with strong boundaries, is a nexus of 
contracts negotiated to set the price for its inputs and outputs, the triple 
helix fi rm is part of a collaborative process that may include other fi rms 
and non- fi rm entities, such as university research groups and government 
agencies. The traditional vertical value chain from suppliers to custom-
ers is reconfi gured as formerly vertically linked elements in such fi elds as 
software, with customers and suppliers as co- producers of services, and 
formerly horizontally linked elements such as knowledge, technology, 
and funding inputs, drawn from academia and government, now take 
place simultaneously and in parallel.

Embedded in relationships with these institutional spheres, the knowl-
edge-based fi rm, is a departure in industrial organization. From the late 
19th century, corporations focused on development, production, and 
marketing of tangible goods, internalizing functions, vertically as well as 
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horizontally, making the fi rm less dependent upon the external world for 
all but the fi nal transaction with its customers. Henry Ford carried the 
vertical integration of the fi rm to its logical conclusion with his River 
Rouge Plant that took in iron ore and other raw materials at one end and 
sent out cars, as fi nished products, at the other.

Ford’s rival, General Motors (GM), pioneered the horizontal exten-
sion of the fi rm, applying a traditional military format to business. Alfred 
P. Sloan introduced the line and staff organization, integrating several 
previously independent automobile fi rms as divisions, with an overlay of 
a management and decision- support structures. GM grew and addressed
different market segments without becoming unwieldy. This format also 
made it possible to share the cost of specialized functions, such as stra-
tegic planning and fi nance, between several sub- units.

In the mid- 20th century the conglomerate extended the divisional struc-
ture of the large corporation from a single sector to disparate businesses, 
while retaining a common fi nancial structure. For a brief period, from the 
1960s to the 1980s, the multinational fi rm was considered to be the ulti-
mate form of business organization. Operating across national borders, it 
differed from older trading companies that operated in a highly central-
ized fashion from the home country in that it utilized the organizational 
innovations of divisional and conglomerate fi rms. National sub- units
were allowed considerable autonomy even as the multinational used dif-
ferential costs of production and varying regulatory environments in each 
country to the fi rm’s advantage.

As technologies were superseded in advanced industrial societies, they 
could be transferred to protected industrial environments in developing 
countries. Each of these organizational innovations appeared to lead in a 
unilinear direction toward increase in the scale and scope of the business 
fi rm.10 However, even as the multi- national fi rm became ascendant as a 
bureaucratic format for integrating a multiplicity of units, an alternative 
scale–scope format for integrating aspects of production and distribution 
appeared: the cluster of small interrelated fi rms, specializing in differ-
ent aspects of production, typically based on kinship and proximity ties, 
rooted in a local region.11

Early clusters were identifi ed in low- tech businesses such as textiles, 
clothing, and leather goods, but the concept was soon applied to an ag-
glomeration of high- tech fi rms that had emerged from a related set of 
university laboratories and research centers at such schools as MIT and 
Stanford. While these “technology-based fi rm’s strength and competitive 
edge derive from the engineering know- how of people who are integral 
to the fi rm, and upon the subsequent transformation of this know- how
into products or services for a market,”12 such fi rms are often part of 
overarching virtual networks that transcend companies and infuse the in-
dividual fi rm with new sources of innovation.13

There has been a transition in recent years from fi rms linked to each 
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other solely through competitive market relationships to strategic alli-
ances between fi rms and establishment of other collaborative relations 
with academia and government.14 Such knowledge- based fi rms typically 
transcend a simple business proposition. Biotechnology fi rms often origi-
nate as extensions of university research groups, incorporate academic 
practices such as postdoctoral fellowships, and contribute to the expan-
sion of academic research, directly through research contracts and indi-
rectly through university participation in ownership.

The transformation of the social relationship of a partnership between 
individuals to carry out a joint activity, producing a good or service for 
sale, into an abstract legal entity, the fi rm, allowed the life of the business 
to continue and expand, without the founder’s participation. At a later 
stage, partnership re- emerges as an organizational framework among 
fi rms as they cooperate with each other and with universities, government 
laboratories, and other knowledge- generating institutions in order to pro-
duce knowledge- based products requiring inputs from various sources.

Schumpeter noted the transition from an informal to a formal knowledge-
based company regime as a stage in fi rm- development. “The fi rst thing a 
modern concern does as soon as it feels it can afford it is to establish a re-
search department every member of which knows that his bread and butter 
depends on his success in devising improvements.”15 In addition to devising 
research-based improvements internally, fi rms have sought to access them 
from external sources such as independent inventors, consulting engineers, 
and contract research organizations established to meet industry needs, as 
well as universities.

Government in the fi rm

Two strikingly different types of high- tech fi rms can be identifi ed: market-
oriented fi rms and research- oriented fi rms. A government program to 
support innovation encouraged market- oriented fi rms focused on product 
sales to take up research to enhance their products and research oriented 
fi rms to develop collaborations to seek a market for their research results. 
There was a movement in both directions toward a middle ground, with 
research-oriented fi rms attempting to position themselves to produce 
products, and market- oriented fi rms pursuing more advanced research as 
an unintended consequence of their participation in this program.

The more advanced the technical idea on which the fi rm is based, the 
likelier it is that government money, typically coming from research pro-
grams in the US, will be the initial source of funds. Seeking job creation 
and research advance, government is often willing to fund start- ups with 
a grant or “soft loan” long before angels and venture capitalists feel ready 
to consider an investment. Such a fi rm, like a butterfl y emerging from its 
chrysalis, is a concatenation of academic, government, and business ele-
ments. Only later, if and when innovation subsides, does it take shape as 
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a traditional fi rm. As this process takes place, the role of government in 
triple helix fi rm- formation is suppressed. The US paradox is that despite 
having arrived at an optimum role for government in innovation, belief 
in the effi cacy of government is low.

A government technology development award allows a fi rm at either 
end of the market–research spectrum to broaden its focus and operate 
in the middle ground, thus bridging the gap between product develop-
ment and R & D from whichever side it has opened up. For example, a 
research-oriented fi rm may seek an alliance with a market- oriented fi rm 
to commercialize its technology. Conversely, a market- oriented fi rm may 
establish a research unit. Such an award can broaden the focus of a fi rm 
to include advanced capabilities in its products when it would otherwise 
not have had the resources needed.

This phenomenon was observed in a close- to-the market company, 
originally oriented toward developing software for individual doctors’
offi ces and small medical practices. The fi rm’s founders realized that the 
extended capabilities of its product line, made possible by a government-
supported R & D project, would make its products attractive to larger 
vendors. Indeed, the large medical units where the fi rm was testing its
government-enhanced product were now seen as potential customers. Thus 
by extending the capabilities of the product, through taking on a research 
orientation, the fi rm found that a new market opportunity opened up.

The process of expanding product development capabilities moves in 
the other direction for a research- oriented fi rm, starting from prepara-
tion of the application. Many of the market questions that need to be ad-
dressed in the proposal can be answered according to the business criteria 
specifi ed in the proposal application kit. A process may thus be begun in 
which commercial opportunities are seriously explored.

Even if the program is initially viewed as “simply another route to a 
government contract,” such a grant can become the fi rst step toward a 
research-oriented fi rm eventually taking a product to market. In one case 
the grant did not help the research- oriented fi rm move as far as it had 
hoped toward commercialization. This was in part due to diffi culties in 
cooperation between partners who had differing perceptions of medical 
software technical requirements. Nevertheless, a process of transforma-
tion was initiated. Even though government funding ended before the 
technology development was completed, the fi rm hired its own program-
mers, including one from the former software collaborator, in order to 
complete the project. To support this work, the fi rm entered into negotia-
tions to raise private funding to bring the health care software to fruition.

Research-oriented fi rms

Companies are commonly thought of as being market- oriented. How-
ever, some fi rms have little connection to broader markets beyond a single
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customer, for example a particular agency of the government or of an in-
dividual large fi rm. Indeed, there is a tradition of companies that produce 
research results and technology to order, as government contractors. 
Such fi rms operate as research shops, producing reports, papers, patents, 
and “tools” that others can use in product development. Although legally 
companies, they have very little notion of how to go about selling a prod-
uct. To qualify as a fi nalist for government funding, from programs with 
emphasis upon both business as well as technical merit, they may need to 
recruit a business manager, obtain advice from business consultants, or 
ally with other companies who have business capabilities.

Without strengthening their business capability, research- oriented
fi rms’ main hope for eventual utilization will continue to be their habit-
ual route, that is, dissemination through papers and patents. Government 
programs to support advanced technology seek to add a direct commer-
cialization component to the knowledge dissemination path. Not surpris-
ingly, some of these companies, at fi rst, tend to view such programs as 
merely another government agency contracting for technology develop-
ment and assume that the fi rm’s “research result” will satisfy the agency’s
requirements. However, the program’s objective is a research result that 
can become a marketable product.

Market-oriented fi rms

At the other end of the spectrum are market- oriented fi rms that may view 
a government technology development award as a centerpiece of their 
strategy to move their technologies into the marketplace. Market- oriented 
companies are typically populated with collaborating practitioners with 
similar technical expertise, such as doctors with software coding skills, 
and marketing and sales experts. These fi rms typically have an extremely 
short time horizon for product development and do not usually engage in 
advanced research. Although such fi rms are “high-tech,” in that they uti-
lize state- of-the-art technology to develop high- tech products, they usu-
ally do not do early- stage research in the traditional sense of investigation 
that is not directly tied to immediate product development.

Market-oriented fi rms are typically restricted from mounting a re-
search program by stringent fi nances, strategic orientation, and/or lack of 
appropriate personnel. These fi rms tend to operate with an incremental 
perspective toward product development, utilizing new combinations of 
existing technologies to solve a problem or provide a service. They con-
sider doing research only when they can envisage that it will allow them 
to make a signifi cant competitive leap forward in sales by adding a new 
capability or functionality to their product line. Given the concentration 
of available resources on short- term product development and the pres-
sures of cash- fl ow balancing, they seek an external source of funding so 
that their existing efforts in product development will not be fi nancially 
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drained. Before taking on a research project, the fi rm’s management will 
also want to insure that attention will not be diverted from the fi rm’s pri-
mary goal of current product development.

“Dual-life” individuals

Knowledge-based fi rms are often helped to succeed by “dual-life” individ-
uals who, whether starting from either the technical or the business side, 
have gained suffi cient knowledge of the other side to conduct business or 
interpret technology. Sometimes individuals have had serious professional 
training on both sides, for example a molecular biologist who obtains 
an MBA or a lawyer who also has a technical degree. Other times, the 
knowledge of the other side is picked up informally, say by an MBA who 
has done due diligence numerous times in a technical area or by a techni-
cal person who has repeatedly become involved in business negotiations 
as an inventor. Of course, it is also possible for people to fool themselves, 
and others, into thinking they have greater expertise than they actually 
possess.

Dual-life persons reduce diffi culties in translation from one discipline 
to another. Thus the presence of medical persons with signifi cant com-
puter knowledge has facilitated projects; absence of a computer expert 
with medical knowledge has slowed them down. Persons who combine 
two fi elds in new ways are a key to innovation in fi elds such as health-
care informatics that are in the early stages of development. By main-
taining a “dual life” these individuals are able to translate between both 
spheres of interest, in this case computer science and medicine. By retain-
ing their interest in the old role even as they move into a new one, a cross-
disciplinary bridge for their colleagues is created.

Crossover was observed in both directions: from computer science to 
medicine and from medicine to computer science. A business founder, in 
a personal interview, described his partner, a medical doctor with a com-
puter background, thus

His vision is great because he sees what happens in everyday prac-
tice and can take that to help us develop products. He can say, “You 
know, it would really help physicians if this could happen.” And 
that’s a major contribution because the other companies don’t have 
their fi nger into that.

There are more medical persons with signifi cant computer knowledge than 
computer scientists with medical knowledge, although a computer scientist 
with a personal interest in medical issues was often an important impetus 
to involvement in a project.

A speech- recognition software development project, lacking such dual-
life persons, exemplifi ed the issues that could arise from lack of shared 
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understandings. In this case the problem was different expectations of 
task requirements in medicine and computer science. For example, tran-
scription of the spoken word was required to a much higher degree of 
precision by linguistic experts than by medical practitioners. The linguis-
tic specialists always wanted more information, which required more 
work and drove up costs. The dispute was summed up by a software de-
veloper for the Dragon speech recognition fi rm who, in a personal inter-
view, said, “the upside is when you get a lot more people together, you get 
a lot more skills. The downside is there is no central control. You know, 
we get in a feud about the speech data and we just sort of cut them off.”
In this instance, the disagreement was peremptorily resolved by a third 
party who was lower down in the status hierarchy of the project, namely 
the software programmer who had to write code based on the speech 
data.

The presence of translators and brokers in the collaboration process 
might lessen the misunderstandings that arise in unsupervised court-
ship between partners from different cultures of research and commerce. 
Indeed, some of the larger collaborative projects were supervised by a 
coordinating group that performed such “translation” services, among 
other tasks. In addition to mediation among partners from different busi-
ness and technical cultures, there is also a movement toward individuals 
performing multiple technical and business roles. The increasing impor-
tance of knowledge to the generation of new industrial capital leads to a 
closer relationship between the generators of knowledge and a new gen-
eration of capitalists, some of whom are one and the same persons.

Conditions for knowledge- based fi rm- formation
and growth

The following conditions are typically found in regions where high-
technology ventures are emerging. The premise of the following model 
is the existence of commercial opportunities known to scientists, engi-
neers, and other professionals. The fi rst two sets of factors are essential 
to the development of knowledge- based fi rms; the fi nal group of factors 
improves the chances that a knowledge- based economic development 
strategy will be realized. Universities are especially important to the cre-
ation of knowledge- based fi rms since they have people with many of the 
resources such as skills, time, and equipment to realize the initial stages 
of this strategy.

Human capital factors

1  A critical mass of scientists and engineers linked through social net-
works. Networks often link scientists among university, corporate, 
and government laboratories in a region.

56  The evolution of the fi rm



2  The existence of research groups in areas of potential commercializa-
tion.

3  A pool of scientists and engineers interested in forming their own 
fi rms; these may be faculty members, graduate students, or scientists 
and engineers from government or corporate laboratories.

Material factors

4  Availability of seed capital from private or governmental  sources.
5  Inexpensive and appropriate space for new fi rms either in underuti-

lized industrial offi ces or in university  buildings.
6  Equipment, ranging from multimedia computers to prototype bio-

technology plants.

Organizational factors

 7 Opportunities for scientists and engineers to learn business skills or 
gain access to persons with these skills. A graduate school of business 
with consulting services or courses on entrepreneurship in which stu-
dents develop business plans can be helpful.

 8 University policies designed to (a) encourage faculty members and 
students to interact with industry, (b) give academic credit for pro-
motion and award degrees for this work, and (c) provide clear guide-
lines delineating appropriate activities.

 9 Applied research institutes, centers, and incubator facilities to assist 
fi rms with development problems and to provide mediating linkages 
between academic scientists and engineers and industry.

 10 A residential community with cultural, scenic, and/or recreational 
resources that can attract and hold a population whose skills make 
them potentially highly mobile.

Conclusion: the triple helix in the fi rm

Firm-formation allows innovation to become the central focus of the org-
anization in a way that is rarely possible in older fi rms where it must 
compete for attention with existing technologies and businesses. An al-
ternative organizational format based on networks of fi rms arising from 
the bottom up has appeared that is increasingly based on technological 
innovation in such areas as software and biotechnology. Innovation has 
broadened from a focus on product innovation within fi rms to organiza-
tional changes within the triple helix.

Cooperation among government, industrial, and academic actors can 
extend such innovations into a new mode of production within a region, 
across a national innovation system, and even more broadly. While up-
grading the capabilities of small-  and medium- sized fi rms (SMEs) and 
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renewing large fi rms is still important, the dynamic of the start- up pro-
cess has become more important to advancing technology, creating em-
ployment and growth.

The fi rm is thus transformed from a competitive unit related to other 
fi rms solely through the market to a triple helix entity increasingly based 
on relationships with other fi rms as well as academia and government. 
Often encouraged by government, large fi rms in Japan and Sweden have 
willingly entered new technological areas, with Saab, for example, devel-
oping medical devices in Linköping. However, the Saab case proved to be 
an instance of a fi rm’s resistance to moving into an area different from its 
existing technologies and businesses. Indeed, Saab eventually withdrew 
from medical devices, unwilling to commit the resources to develop it as 
a new business area.

Nevertheless, the government- supported Saab initiative seeded a fi rm-
formation dynamic in the Linköping region.16 A municipally supported 
incubator provided a home for the Saab orphans. The fi rms were then 
linked to a new university, based on interdisciplinary themes, that was 
more receptive to industry–university links than an older, more tradi-
tional, academic foundation might have been. A culture of fi rm- formation
and entrepreneurship thus took root in the region.

Italy also has an entrepreneurial culture but it typically does not affect 
the universities, due to differences in academic culture and organization. 
Nevertheless, there is a movement in Italy—beginning with the estab-
lishment of industrial liaison offi ces, incubator facilities, and collabora-
tion of pharmaceutical fi rms with university laboratories—to re- create
academic–industry ties, such as those that in a previous era were com-
monplace at Polytechnico Milan. Italy’s industrial districts of low- tech
fi rms are increasingly outmoded—they need closer ties to knowledge-
producing organizations to innovate—and its mid- tech fi rms are in de-
cline. Under these conditions, the university’s potential as an engine of 
renewal for existing fi rms, and a source of new knowledge- based fi rms, 
moves onto the global economic, academic, and innovation agenda.
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4 The optimum role of 
government

Introduction

A common triple helix model of innovation is emerging in societies that 
previously held opposing conceptions of the appropriate role of gov-
ernment. In “high-state” societies, where triple helix relationships have 
traditionally been directed top-down, bottom- up initiatives appear in 
conjunction with the emergence of regions and the growth of civil society. 
In “low-state” societies with a laissez- faire tradition, the emergence of 
the triple helix is associated with a strengthening of the role of the state, 
acting together with university and industry, in shaping innovation 
initiatives.

The transition from industrial to post- industrial society has encour-
aged a shift in the role of government in both directions. Moving beyond 
Keynesian macroeconomic policies arising from the 1930s depression, 
such as central- bank adjustments of interest rates or money supply, 
is a diffi cult transition in the laissez- faire model of separate institu-
tional spheres. In statist societies the transition of government from the 
total state, with central planning, to a more modest role of incentiviz-
ing innovation is a radical step. The traditional role of the state in in-
novation is most clearly apparent in countries such as Mexico, where 
state-sponsored industry sector associations and university consultative 
councils coordinate these spheres. The Singapore government organized 
the transition to high- tech manufacturing and then to knowledge- based
economic development, the course and direction of which eventually 
became a matter of public debate.

Although a common mid- point can be discerned, the route to a rela-
tively common triple helix of institutional equals differs signifi cantly, 
depending upon the starting point of a statist or laissez- faire society. 
Different state capacities affect both the trajectory and the visibility of a 
triple helix, whether it is organized openly and transparently or is routed 
through hidden channels. This chapter discusses experiments in societies 
with “direct” and “indirect” innovation policies, aimed at achieving a 
common objective: knowledge- based economic and social development.



Direct innovation policy

Top- down models have been highly successful in organizing large military 
and space projects in both socialist and capitalist regimes. In countries 
with a planning system, government kept the entire innovation process 
under its control. Thus in the former Soviet Union and Eastern Europe, a 
system of research institutes focused on industry problems. However, the 
results could only be implemented if a central planning agency approved 
them. People from research and production units who knew each other 
sometimes made informal exceptions to the rule of centralized control. 
Although research and production were formally linked by intermediary 
organizations, industry’s focus was on quantity production, not qualita-
tive innovation and local technology transfer. Bureaucratic controls were 
an obstacle to the introduction of inventions but the more fundamental 
barrier to innovation was the disincentive to systemic change.

In the post- socialist era, top- down coordination was removed and 
each element in the former system was left to fend for itself, with sharply 
reduced funds from the state. Some research institutes obtained contracts 
from abroad; others tried to transform themselves into incubators and 
science parks. Many scientists and technologists left the country for posi-
tions abroad or stayed and tried their hand at new tasks, often in business 
areas unrelated to their former employment.

A few tried to start high- tech fi rms based on their knowledge and com-
petency, often with the support of their institutes. Occasionally multina-
tionals like General Electric, who invested in former state fi rms such as 
Tungsram in order to take advantage of skilled labor, also found stores 
of unutilized innovation that they could build upon. Nevertheless, the 
abrupt reconfi guration from a statist to a laissez- faire regime left a ques-
tion mark where the state had formerly played a leading role.

Perhaps ironically, the state was assuming a greater role in innovation 
in other countries at virtually the same time as it was withdrawing from 
the scene in the former socialist countries. Concurrent with the Nokia 
success, which gave Finland the appearance of a country as an appendage 
of a corporation, government increased its role in innovation, making it 
a direct responsibility of the Prime Minister’s Offi ce. Finland was a much 
less technologically developed country than most of its Nordic peers in 
the early 1990s when the decision was taken to concentrate resources on 
science and technology in a few selected fi elds of IT and biotechnology.1

The monies gained from the privatization of public enterprises were 
utilized to raise sharply the level of public R & D funding. In relatively 
few years, the Helsinki region has become second only to Stockholm 
as a center of biomedical research in Scandinavia. Tampere, which had 
at most a few dozen IT researchers in the early 1990s, is now home to 
3,000. The Finnish case suggests that the original premise of the linear 
model, concentrated R & D pump priming, is still valid.

Sweden is a more ambiguous case of confl icting policies in the context 
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of relatively high R & D budgets. There was a substitution effect when a 
series of foundations, established with proceeds from the “wage earners’
funds” to promote innovation, replaced funds cut from Research Council 
budgets. Sweden already had a high level of research funding and there 
was a feeling that there was inadequate take- up from existing research 
resources, so why spend more money?

Even though more money was not spent, there was a change in the 
way money was spent. The foundations encouraged a shift from discipli-
nary to interdisciplinary research, from small research groups to larger 
research teams, and to collaborative university–industry projects. There 
was also a dual dynamic of centralization and decentralization: concen-
trating resources at leading universities and spreading funds around to 
build up research at the regional colleges and new universities.

Devolution of the center

There has been a signifi cant devolution of powers in recent years in coun-
tries such as Great Britain, France, and Sweden lacking a strong regional 
level of governance.2 Formerly, central government operated through 
regional levels that mandated common policies and was a mechanism 
for carrying out these policies. Increasingly it is seen that it is necessary 
to have policies specifi c to the competencies and capacities of different 
areas. Moreover, it is diffi cult for a central government to mandate ap-
propriate strategies from a distance. In Sweden some regions have been 
given a broader authority to develop their own regional development ini-
tiatives as an experiment. In Skåne, this has taken the form of projects 
such as the Medicon Valley Academy to foster the growth of a biotech-
nology industry and a functional food initiative. A recent idea is for a 
new PhD program, jointly initiated by the region and Lund University’s
medical faculty, and tied to  industry.

Sweden uses the triple helix framework to knit together different initia-
tives at the national, regional, and local levels that might otherwise be at 
odds with each other. The model provides a rationale to cooperate and ag-
gregate resources to a common end and reduce friction among what other-
wise might be a set of small competitive initiatives. Different government 
agencies and foundations have established many innovation initiatives. 
Government has provided the universities with “holding companies”
to transfer technology and help start new fi rms but it is only a modestly 
funded initiative. Technology bridge foundations were established in sev-
eral regions with a signifi cantly higher level of funding, for much the same 
purpose, and both collaborated and competed with the university efforts. 
Thus there are centrifugal forces dividing the various actors but there are 
also centripetal forces drawing them together to cooperate.

The central question in Swedish innovation policy is how to moderate 
the effect of centrifugal forces and increase the strength of centripetal 
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forces. One clue to the trajectory for the emergence of the Swedish triple 
helix can be seen in the transfer of CONNECT, a local- level networking 
format, from San Diego to Sweden.3 An initial attempt made by mem-
bers of the local biotechnology association in Skåne did not succeed, 
lacking suffi cient support from the region and the university. A later 
effort undertaken by the prestigious Academy of Engineering in Stock-
holm attracted support from regional offi cials and universities across 
Sweden—several CONNECT networks, linking entrepreneurs, business 
advice providers, patent lawyers, accountants, and angels, were success-
fully established.

Civil society and the triple helix

A triple helix coordinated entirely by the state provides only a limited 
source of ideas and initiatives. Under these circumstances government 
may take initiatives without consulting others; indeed it may subsume 
the other institutional spheres and direct their activities. Although large 
projects may be accomplished it is not the most productive form of triple 
helix relationships since ideas are coming from only one source, the cen-
tral government; if the regional and local levels are active and there is 
input from universities and industry as well, then there is a much broader 
base to develop creative ideas for innovation as well as a better base for 
implementation, especially at the regional and local level.

A fl ourishing civil society of individuals and groups, freely organizing, 
debating, and taking initiatives, encourages diverse sources of innova-
tion. The basis for a triple helix including bottom- up as well as top- down
initiatives can be seen most clearly in countries that are just emerging 
from military dictatorships. The fi rst academic revolution, the incorpora-
tion of research as a broad university mission, took place in Brazil in the 
1970s, expanding the role of the university in society from a traditional 
support structure to one directly linked to national priorities. This trans-
formation took place under a military regime where the university had 
relative autonomy. University discussion groups became a place where 
some internal opposition was tolerated even as many other academics 
were removed from their jobs and forced out of the country.

When the military gave up control in the early 1980s, a space opened 
up for university science and technology researchers to introduce the con-
cept of the incubator from the US. At the same time a fi nancial crisis led 
large-scale technology programs to be downsized, making smaller- scale
initiatives, such as incubators to encourage the creation of start- ups,
a necessity. At a later point, the national government built upon these 
programs and made them national policy. However, it was not until the 
re-creation of civil society that these local initiatives became possible. In 
succeeding years, various levels of government, as well as industry and 
civil associations, took up the incubator concept and spread it through-
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out Brazilian society, applying it to a variety of problems from raising the 
level of low- tech industry to creating jobs for the poor. 

An incubator movement arose in Brazil, with local government sup-
porting university actions and follow- on support coming from the 
national government, rather than being an isolated initiative as it is in 
Mexico. The Mexican government has a program to provide funds to 
universities to start incubators. However, it is a limited innovation mech-
anism with a very narrow base of support. It has not spread throughout 
the entire society whereas in Brazil, where the initiative was bottom-
up and where various institutional spheres became involved, with the 
national government only one among several sources of support, the 
movement spread much more broadly.

Indirect industrial policy

An indirect and decentralized innovation policy, across the institutional 
spheres, may be more effective than traditional direct approaches since 
it is better able to take regional differences into account and incorporate 
bottom-up initiatives. Moreover, given the resistance to an enhanced role 
for the federal government, when inter vention is decided upon it is typi-
cally carried out indirectly. The university was the institution of choice in 
three key instances: agriculture (mid- 19th century), the military (World 
War II) and industry (the 1970s).

Although the industrial policy debate, and the confl icting visions of an 
active federal government and the idea that “the government that governs 
least, governs best,” are as old as the US itself, the concept of industrial 
policy has to a much larger degree been forbidden in the US than in most 
other countries in the world. There is a high threshold to attaining gov-
ernment action to assist commercial innovation at the federal level. Vari-
ous measures are typically held to represent nothing more than discrete 
answers to particular problems, such as the mid- 1980s joint industry–
government SEMATECH R & D consortia in response to the Japanese 
challenge to US dominance in semiconductor chips.

Government assumes a new role in innovation by encouraging university–
industry interactions of various kinds. Government also plays a key role 
as public venture capitalist, through various programs at the state and 
federal levels to fi ll the gap between university support for fi rm-forma-
tion and take- up by angels and private venture capital. In a triple helix 
economy, fi rms collaborate to develop standards and new products, often 
with academic partners and government support.

This counterintuitive assessment of government’s role in promot-
ing high- tech industry in the US refl ects the growing role of state gov-
ernments in science- based economic development, as well as the federal 
government’s programs to support technology development, especially 
in the defense and health areas in recent decades. Knowledge- based

The optimum role of government  63



development represents a new initiative for state governments, beyond a 
relatively few like Massachusetts, that have been active for some decades. 
Virtually every state now has a science and technology (S & T) agency 
and at least one, and usually more than one, program that attempts to 
raise the level of S & T in the state and attract resources from elsewhere. 
Taken together, these programs represent approximately 3 billion dollars 
of spending per annum.4

State S & T policy is typically tailored to the industrial background 
and research intensity of the state. States with technology industries at-
tempt to upgrade these industries by supporting local universities to work 
more closely with key fi rms, typically by supporting a research center that 
addresses some of the longer- range problems of these fi rms. Conversely, 
states without signifi cant technology industries attempt to build research 
capacities related to a local natural resource in order to create a know-
ledge base that will enable them to take the next steps in fi rm- formation.
Such a strategy may involve luring scholars with signifi cant relevant re-
search experience in these areas to the state by providing them with funds 
and other resources.

Enhancing an academic focus at a local university with possible future 
relevance to local economic development is now viewed as similar to tra-
ditional physical infrastructure development. States view these intellectual-
capacity-building efforts as akin to building highways and bridges to 
improve transportation and encourage business. In the past state S & T 
efforts were typically funded through regular legislative appropriations, 
making them subject to cuts and even closure in an economic downturn. 
This was especially so because states, in contrast to the federal govern-
ment, were required to maintain a balanced budget.

On the premise that intellectual infastructure is now as secure an in-
vestment as physical infrastructure, California has taken a new depar-
ture in state S & T policy with proposition 71, an initiative placed on 
the ballot and passed in the 2004 election. Formulated by a coalition of 
venture capitalists and disease- cure advocates, the measure will provide
3 billion dollars in debt fi nancing through a bond issue. The funds will go 
to support stem- cell research at the state’s public and private universities 
and to investments in biotechnology fi rms that are expected to realize the 
fruits of that research as marketable products.

It is expected that the borrowed monies will be paid back in the future 
out of the proceeds from intellectual property created from academic re-
search and the equity generated in biotechnology fi rms. Federal programs 
that provide money to researchers and fi rms expect payback to govern-
ment only indirectly and in the long term through increased tax revenues 
and job creation. The California initiative creates a direct link and feed-
back loop between university, industry, and government, seeking to create 
a virtuous circle of science- based economic development—Silicon Valley’s
next wave—based on public credit.
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In a knowledge- based economy, characterized by increasing  uncertainty
due to the rapid pace of technological change, reliance on government 
policies that focus on supporting existing industries is no longer viable. 
Universities and other sites of advanced research are increasingly the 
seedbed of new economic development. Fostering the development of 
advanced research thus becomes the cornerstone of industrial policy. 
Picking future winners is an essential part of this process since resources 
spread across the board are never enough to accomplish a signifi cant 
result. Once target areas of future growth are identifi ed, based on judg-
ments about present and future research capacities and market opportu-
nities, the next step is to avoid the so- called innovation paradox of simply 
funding knowledge creation without an infrastructure in which to put it 
to use.

The foundations for new industrial development are then based upon 
the creation of organizational mechanisms, typically based on triple helix 
relations, to transform advanced research into economic activity. This 
new task increasingly supersedes the provision of physical infrastructure 
that is the traditional role of government in supporting industrial devel-
opment, although the two are frequently tied together in transitional for-
mats such as science park and science city projects. Government has an 
important role to play in an entrepreneurial high- tech economy, but in-
dustrial policy is now the immanent outcome of triple helix interactions, 
as in the California instance.

US innovation policy

As a result of strenuous opposition, there is reluctance to recognize that 
a plethora of specifi c policies and programs accumulated over more than 
a century constitutes a US innovation policy. Given resistance to gov-
ernment action at the federal level, when intervention is decided upon it 
typically occurs as a joint initiative of the federal and state governments, 
utilizing universities as an interface between government and industry. In 
response to ideological constraints, the trajectory of immanent industrial 
policy formation creates networks and initiatives that cut across the insti-
tutional spheres.

The development of university technology transfer capability served 
as an indirect industrial policy in a country precluded by laissez- faire
ideology from taking an activist stance, in contrast to more direct
approaches taken in Japan and Europe. However, the added value of 
bringing academia into closer contiguity to industry, through the
creation of new fi rms from academic research, has drawn increased at-
tention to this unintended consequence of academic technology trans-
fer. Indeed, Africa, Asia, Europe, and Latin America increasingly hope 
to attain similar results from their universities by changing the rules of
academic practice and offering incentives to academics to engage in
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activities that formerly would have been beyond the scope of the profes-
sor as “civil servant.”

Government–university relations

Higher education is not a direct federal responsibility in the US, with a 
few notable exceptions: the military academies, Gallaudet University for 
the Deaf, and Howard University in Washington, DC, a historically black 
university. Nevertheless, the federal government has had a signifi cant in-
fl uence on university development by supporting the so- called agricultural 
and mechanical universities, the “land grant” schools oriented to practical 
subjects, with one- time subventions of federal lands as an endowment.

The funds provided for research pre- dated World War II but since 
they were primarily for agriculture they only affected a special sector of 
academia. Broad- based government funding of the universities was insti-
tutionalized in the aftermath of World War II, a confl ict that had demon-
strated the utility of universities as research providers and coordinators. 
Whereas the academic contribution during World War I had been largely 
limited to turning campuses into training facilities and providing re-
searchers to work in government laboratories, World War II involved the 
universities more directly with the state.

The wartime triple helix

Despite barriers, a de facto innovation policy is created through pressures 
on government to act in crises. The World War II Offi ce of Scientifi c Re-
search and Development (OSRD), originated at the initiative of academic 
scientists, was active across the spectrum of research areas of potential 
military use. Under wartime conditions R & D, testing, manufacturing, 
and customer demand were integrated into “a seamless web,” ignoring 
traditional boundaries.

Moreover, academics who had put aside their basic research interests 
to work as engineers on practical projects soon found that they had ideas 
for basic research that they would pursue after the war. This rediscov-
ery of the connection between the practical and the theoretical, and the 
experience of working with virtually unlimited resources at their dis-
posal, transformed the anti- government attitudes that had led academic 
scientists to refuse support in the depth of the depression.

The emergence of a peacetime R & D paradigm

Whereas close university–government ties were abandoned after World 
War I, they were institutionalized after World War II, albeit in a loose 
form so that control was limited and infl uence bidirectional, allowing 
universities, if they wished, to believe that nothing fundamental had 
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changed. With the return of peace, universities and companies returned 
to their previous boundaries, with an important difference: the heritage 
of their wartime experience of cooperation and collaboration.

Prewar opposition to government funding of research at the universi-
ties was reversed as universities sought government funds. In addition to 
the precedent of ad hoc appropriations, a more systematic approach was 
developed through the establishment of agencies like the National Science 
Foundation, to disburse funds. Vannevar Bush’s intention to locate both 
civilian and military research in a single unit was replaced by a plethora 
of research- funding agencies directed at special purposes.

On their part, the military solved the problem of obtaining useful 
results through close monitoring of projects supported in academia while 
maintaining a long- term perspective of what might be useful to the mili-
tary and supporting research on computers and artifi cial intelligence. 
Although practical results from basic research were expected only in the 
long term, such results were the premise for the funding fl ow.

Provision of research funding was the basis for the continuing relation-
ship and most of that funding went to research that government decided 
it needed. Nevertheless, the parameters, even of military research, were 
broad enough that basic research questions could be fi tted within their 
guidelines.5

Research funders desired indeed the exploration of advanced ideas. 
For example, the US Army, in providing funds to explore development of 
an “autonomous land vehicle, also willingly paid for the establishment of 
new disciplines like artifi cial intelligence. The projects that PhD students 
worked on were “dual use.” Thus a topic fi eld such as a radio repair 
instruction manual provided valid problems for theoretical elucidation 
in expert systems. Nevertheless, while university–government relations 
fl ourished in the early postwar period, government–industry relations, 
while signifi cant in the form of regulation and procurement, were not as 
thoroughgoing as the massive expansion of the research university system 
in the same period that was largely accomplished with federal funds.

Government–industry relations

A change in economic circumstances called for renewed attention to in-
novation. During the economic downturn of the 1970s there were pro-
posals for government to become directly involved in aiding existing 
industries and building up new ones, but these were quickly defeated. 
Instead, government went through the universities to reach industry. The 
patent system was reorganized to give intellectual property rights from 
federally funded research to the universities, with the condition that 
they had to take steps to put them to use. After 1980 technology transfer 
mechanisms, which had been utilized by relatively few universities, were 
diffused throughout the research university system.6

The optimum role of government  67



Relatively little of the expenditure put into research was actually being 
translated into products, even given an extended time frame. To resolve 
this problem, the US created a public venture capital system as an exten-
sion of basic research.7 It could not be called public venture capital but 
the National Science Foundation (NSF) program offi cers who founded 
the Small Business Innovation Research (SBIR) program recognized that 
a neutral terminology of stages and phases had to be utilized.

Extension from R & D to public venture capital: 
the SBIR program

In the beginning, the SBIR program was a minor- scale initiative in NSF, 
combining small- business support with funding for high- quality research 
and technology. The founding director of SBIR, in a personal interview, 
said,

The starting point was that we saw a potential for economic develop-
ment in cutting- edge research, but that there were no venture capital 
fi rms or others that were willing to take the risk of supporting activi-
ties with a very uncertain outcome. We were also interested in focus-
ing on tomorrow’s jobs, creating fi rms in tomorrow’s businesses with 
international competitiveness.

SBIR thus expresses the growing awareness of technology as an im-
portant factor behind economic growth. Another important goal was to 
increase the return on investment of federal R & D. As its founding direc-
tor stated, “hi-tech small fi rms seemed to be the best vehicle for doing 
that.”

An intragovernmental initiative, including federal government research 
program managers, congressional staff members, and legislators, sug-
gested that the SBIR should be extended to ten additional agencies, a 
proposition which was highly controversial in some circles. The univer-
sities and most people in NSF did not want it, neither did the national 
laboratories or the agencies themselves. All felt that this would take 
money away from current activities, although the amount of funds to set 
aside was less than 1 percent. However, the program was not controver-
sial at all in political circles, and despite heavy lobbying against it, the 
Small Business Innovation Development Act (1982) was passed virtually 
without opposition.

The founder of the SBIR, in a personal interview, recalled that “be-
cause of the large opposition against the program, we had to choose our 
words very carefully, which contributed to making the program very 
good and bullet- proof.” By describing, for example, a phase model of 
the entrepreneurship process and the role of the federal government in 
each phase, the SBIR created a neutral language for direct government 
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intervention in the economy. That the act raised so little political contro-
versy can also be explained by looking at the justifi cations for the SBIR. 
It was asserted that there was some kind of market failure because en-
trepreneurs with excellent but high- risk ideas could rarely fi nd private 
funding. In addition, the strong focus on scientifi c and technical criteria 
provided a resemblance to (previously justifi ed) basic research. Finally, 
“small business” can be viewed as a strong ideology by itself that very 
few people oppose. The originator of SBIR and similar initiatives, in a 
personal interview, said, “we defi nitely see the programs as a de facto 
industrial policy, but we cannot use that term, so we usually call it R & D 
policy and things like that instead; but it [SBIR] is a federal program that 
has created a whole lot of new industrial activity.”

The expanded role of government in a laissez- faire society

Technology transfer from academia developed in several stages; perhaps 
the most important was the creation of a system of federally supported 
research in the universities. During the postwar period, high overhead 
payments became a method of funding the major research universities 
directly from the federal government, without explicitly accepting it as an 
explicit policy as is commonplace in Europe. These universities were clus-
tered in relatively few parts of the country, on the East and West Coasts, 
with a few in the Midwest. This was not a major issue as long as aca-
demic institutions were primarily seen in their traditional role as educa-
tional and research institutions.

As new industrial areas arose from an academic research base in mo-
lecular biology and computer science in a few locations, other parts of 
the country became aware of the signifi cance of universities as engines of 
economic development and wished to follow this model, fi rst in North 
Carolina in the 1950s. In addition to creating their own S & T programs, 
states have become active proponents, along with their universities, of 
increases in federal R & D budgets. Indeed the salience of R & D spend-
ing to future economic development has spilled over from the budgets of 
the research agencies to so- called “porkbarrel” methods for funding local 
improvements through attachments made to other bills.

Given the realization of the connection between the location of re-
search and the future location of industry arising from that research, 
pressure has increased on the federal government to increase research 
spending and to distribute it more broadly, eschewing peer- review mech-
anisms instituted in the early postwar period to focus federally funded 
research at a relatively small group of schools. Now that the connec-
tion of science and technology to economic growth is apparent, regions 
with low levels of federal R & D spending are unwilling to depend upon 
modest set- asides, instituted to reduce pressures for equalization, or to 
slowly build up their capabilities with local funds.
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A science- and-technology policy has been developed that works the 
same way as appropriations for roads or bridges or any local improve-
ment that a senator or congressperson wants for their district or state. A 
legislator typically attaches a provision for a research center for a local 
university to a funding bill for an agency with a related purpose, the 
so-called “earmark.” The regular level of funding of these special bills 
is such that earmarks should be considered a regular feature of S & T 
policy, despite objections to the method.

Universities that have been outside of the research system but want 
to increase their research strength have also been active in seeking these 
funds. Typically, as this new group of research universities enhances their 
capabilities, through such targeted measures, they then begin to compete 
successfully for peer- reviewed funds through the normal research- funding
channels. It is this increase in competition from universities across the 
country that has given the older research universities the feeling (indeed 
it is the reality) that competition for research funds has increased even as 
federal research budgets have risen signifi cantly, especially in health and 
security.

The emergence of a “bottom-up planning system”

Although states can be explicit, the federal government can set only very 
general outlines in civilian innovation policy for fear that it will be ac-
cused of attempting to “pick winners.” Government is ideologically per-
ceived as naturally and inevitably incompetent, despite manifest success 
in military, health, and agricultural innovation. Nevertheless, it is advis-
able to watch what the US does rather than what it says with respect to 
government’s role in innovation. Even the most conservative politicians 
are activists when it comes to creating new knowledge- based industry in 
their locality.

Since the federal government is precluded from playing a direct role 
in civilian technological innovation, it often seeds other institutions with 
ideas and develops them collaboratively. For example, Advanced Tech-
nology Program (ATP) offi cers regularly make visits to companies and 
hold national and regional conferences to encourage fi rms to work to-
gether with universities and government labs. Brainstorming sessions at 
these meetings typically include representatives of large and small compa-
nies, academics, and government technology experts.

The objective of the discussion is to reduce the general category of 
a critical technology to a particular point, at which the people who are 
closest to the technology agree that a blockage exists. White papers are 
encouraged around these strategic points and the funding competition is 
thus made much more specifi c. The result is a “bottom-up” planning pro-
cess, an immanent triple helix arising across strong boundaries, with both 
top-down and bottom- up features.
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Public/private partnerships

The growth of partnerships among small fi rms, between large and small 
fi rms, between large fi rms, and between fi rms of any size and university 
and government laboratories, often encouraged by government policies 
and programs, is increasingly common as an impetus to innovation. One 
such program in the United States was the Advanced Technology Pro-
gram (ATP), founded in the late 1980s as a separate entity when it became 
too controversial to extend the operations of another body, the Defense 
Advanced Research Projects Agency, from military to civilian purposes. 
Another impetus was concern that the EU Framework Programs would 
encourage large US corporations to move signifi cant portions of their re-
search to Europe to take advantage of them. ATP consortia programs 
were expected to provide a counter- attractant.

However, the initial focus on large corporations was strongly attacked 
as corporate welfare, from both sides of the political spectrum. Moreover, 
ATP’s direct interaction with industry was offensive to proponents of
laissez-faire. More recently, as the ATP has emphasized interaction with 
industry, based on partnerships with universities, it has become some-
what more insulated to controversy by following the generally accept-
able US “hidden-industrial-policy” model of focusing on small fi rms and
university–industry interactions.

In its early years, the ATP operated primarily through a so- called
“focused program” directed at a key industry problem. The ATP encour-
aged the development of infrastructural tools from the “bottom-up,”
encouraging companies to “brainstorm” ideas for collaborations at its 
regular conferences held in different parts of the country. This bottom-
up approach has contributed to an environment where a more “natural”
evolution of technologies has taken place from many piecemeal ideas that 
refl ected the formative, summative, and “real-time” perspectives of a co-
herent program (in parallel with the development of standards).

The ATP has also acted as a catalyst in establishing collaborations, 
bringing together diverse fi rms and other organizations to pursue cross-
disciplinary projects. For example, in the Health Information Initiative, 
healthcare providers, computer scientists, and information technology 
specialists participated in collaborative efforts. In several cases the col-
laborations that were formed included companies that under ordinary 
circumstances might never have worked together.

Although the ATP focuses on precompetitive research and emphasizes 
broad spillover benefi ts, small market- oriented fi rms tend to view their 
participation in ATP projects strictly in terms of competitiveness. They 
typically structure their projects to satisfy research requirements, on the 
one hand, and the fi rm’s product development goals, on the other. Thus a 
“fi eld deployment” to assess research results also serves as an alpha test 
site for an emergent product. Small research- oriented fi rms, on the other 
hand, tend to need nudging to remember the longer- term goals of product 
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development. In both cases, the ATP experience tends to balance research 
and business goals.

The experience of fi rms in combining the research and business objec-
tives suggests that while distinctions between precompetitive and compet-
itive, and between research and product development, may be becoming 
less clear cut, this may be a positive development. It works toward pro-
moting the competitiveness of US companies and achieving the ATP’s
broader goals of encouraging spillover among technological fi elds, en-
hancing the US innovation system. A key element of this system is a focus 
on fi rm- formation rather than renovation of existing fi rms, whether 
SMEs or large corporations, as was commonplace in Europe, until quite 
recently.

Beyond corporatism

Corporatism, the European doctrine of cooperation between govern-
ment, industry, and labor, is superseded by a “triple helix” of academic–
industry–government relations. A model of shared state authority is being 
transformed into one in which new forms of authority and legitimation 
arise from the bottom up as well as the top down. As a political model 
corporatism has had democratic and antidemocratic variants. In fascist 
formats such as Mussolini’s Italy corporatism was a means of bringing 
industry and labor under the control of the state. Corporatism has also 
taken social democratic formats in which labor unions and employers’
federations play a strong role in negotiating economic and social policy 
compromises with the state.8

Corporatist initiatives range from discreet, such as the New England 
Council in the 1930s, to the highly publicized brainstorming sessions held 
in the early 1990s, hosted by Joint Venture Silicon Valley, an industry-
initiated group that included local government and university members. 
The emergence of a triple helix collaborative effort may also mark the 
entry of government into a new fi eld facilitated through cooperation with 
partners. The new “quasi-public space” creates a regular forum for topics 
as yet of only peripheral interest to the general political process.

Although there is concern that the traditional public sphere is shrink-
ing, a new quasi- public sphere of triple helix organizations is being cre-
ated between representative government and private interests. Creating 
an organization or network, representing different interests, to build sup-
port for a regional focus is a key element in such strategy. The issues of 
knowledge-based economic development discussed in such quasi- public
spaces are always subject to review by traditional democratic struc-
tures, such as courts and legislatures, should they become suffi ciently 
controversial.

The debate over the future direction of research institutes through let-
ters to the editor of the Straits Times in Singapore suggests the beginnings 
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of the transition from top- down decision- making to open public debate. 
Correspondents questioned whether foreign research directors were de-
veloping research projects based on their personal interests rather than 
meeting Singapore’s needs.9

The innovation state

The “innovation state” attempts to regenerate the sources of productivity 
in science and technology through new forms of cooperative relations. 
The basic precepts of an innovation state are set forth in a series of prop-
ositions about the transformation of traditional state functions to pro-
mote innovation:

1  Establishment of legitimate authority within a territory is extended 
from the public sphere to the private sector, promoting stability and 
reducing uncertainty in interaction.

  Corollary: government guarantees are given to private capital so 
that, with this insurance, it may take greater risks in investing in new 
ventures.

2  Levying of taxes to support protection of the nation and promotion 
of the general welfare is extended by using the tax system in a tar-
geted fashion to provide special incentives and benefi ts.

  Corollary: R & D tax credits and reduced capital gains taxes are 
made available to promote innovation.

3  Establishment of rules to support economic life including laws to 
charter fi rms and foundations and to regulate the conduct of markets 
and currency systems.

  Corollary: new agencies are established to promote innovation, in-
cluding hybrid public–private entities.

4  Use of legal system to establish special rights such as patents as tem-
porary monopolies to promote innovation.

  Corollary: universities are granted control of intellectual property 
rights from government funded research (US, 1980; Denmark, 2000; 
Germany, 2002), incentivizing them to become involved in technol-
ogy transfer and innovation. Universities in Sweden are subsidized 
through the holding- company initiative to encourage them to imple-
ment the third mission, beyond education and research, by contribut-
ing to economic and social development.

5  Provision of basic research funding to establish a linear model of 
innovation.

  Corollary: provision of public venture capital to create an assisted 
linear model of innovation.
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Conclusion: the optimum role of government in 
innovation?

Science-and-technology policy was once the centerpiece of communist 
regimes legitimated by a thesis of a “scientifi c–technological revolution.”
After the collapse of communism and the discrediting of such govern-
ment, it was diffi cult to justify more than a minimalist state, confi ned to 
basic security and welfare activities. Science- and-technology policy was 
barely a legitimate activity, no longer a priority in post- socialist countries 
such as Hungary. Thus science policy- makers and analysts sought a new 
conceptual framework for innovation to justify a role for government, 
and helped inspire the triple helix model.

A Swedish university liaison director, in a personal interview, once asked, 
“Why a triple helix; why not a ‘double helix’ of university–industry?”
The answer is that it is only possible to develop university–industry rela-
tions up to a point, without considering the role of government. On the 
other hand, too much government control limits the source of initiative 
to a narrow range of offi cials. Finding the appropriate balance between 
too little and too much government has led to the creation of triple helix 
quasi-governance models in which actors from the three spheres, espe-
cially at the regional level, cooperatively create and implement policy 
initiatives.

The ideal triple helix confi guration is one in which the three spheres 
interact and each takes the role of the others, with initiatives arising side-
ways as well as from bottom up and top down. Civil society is the foun-
dation stone of the triple helix and of the relationship between science 
policy and democracy. Although a limited triple helix can exist under au-
thoritarian conditions, a full triple helix occurs in a democratic society 
where initiatives can be freely formulated. As we shall see in the following 
chapter, the dynamics of innovation in a triple helix are typically worked 
out at the regional level.
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5 Regional innovation

Introduction

The region is undergoing a fundamental transformation from a geograph-
ical, political, and cultural entity to a triple helix of fi rms, universities, and 
government agencies that generate new initiatives for regional innovation. 
The conditions for high- tech economic growth are not spontaneous crea-
tions; they can be identifi ed and put in place by explicit measures.1 The 
process of change may appear strange: it is neither solely market-  nor 
policy-driven. In the initiation phase, science- based development typically 
arises from universities and other research institutions, acting together 
with either businesses or governments, or with both, around a specifi c 
focus. As the process takes off, new topics may be added to provide a 
broader base for regional development.

Regions such as Silicon Valley, Boston, and Linköping, Sweden, ex-
emplify the trend toward fi rm- formation, rather than attracting existing 
fi rms to relocate, as a development strategy. These regions are distin-
guished by continuous fi rm- formation, a renewal process that transcends 
the particular technology that was its source. Indeed, the criterion for a 
successful knowledge- based region is the ability to move from one tech-
nological paradigm to another without a signifi cant gap. The ecosystem 
supporting innovation and fi rm- formation becomes the driving force, 
with the ability to create and capture new technologies and business con-
cepts as they emerge, and to draw them to the region.

As regions formulate knowledge- based innovation strategies, the con-
stellations of actors, and their relative importance in the local political 
economy, are transformed. As entrepreneurial activities intensify, a clus-
ter often takes on a life of its own that is no longer directly tied to a 
particular university or regional initiative. Successful regions may appear 
to be the result of a self- generating economic development process that 
is based on a lineage of fi rms. However, when the sources of regional 
success are analyzed, a university initiative and collaboration among 
triple helix actors can typically be identifi ed. In the following we discuss 
the dynamics of knowledge- based regional development and the role of 
regional innovation organizers.



Toward a knowledge- based region

Regional identities are transformed as the traditional factors of produc-
tion—land, labor, and capital—give way to knowledge in both high-
technology and older manufacturing industries. A region is often an 
area of imprecise dimension that does not necessarily constitute a polit-
ical entity but may operate with different types of political organization. 
These range from multifunctional governments, such as the German 
Länder and US states, to special- purpose districts for particular tasks 
such as transportation, pollution control, or business improvement. 
Quasi-political entities such as high- tech councils that lack offi cial status 
may also perform government- like functions.

Regions were traditionally based on a natural feature such as New 
York harbor, the starting point for a global business and fi nancial hub,2

or the Tennessee Valley watershed, which became the setting for a hy-
draulic electrifi cation and economic and social development scheme.3 A 
regional identity may also emerge from a cluster of traditional fi rms—an
Italian or Danish district with shoe or food products industries—or from 
new business concepts such as New York City’s Silicon Alley multimedia 
fi rms.4 New regional identities have been constructed through a “brand-
ing process” like the one based on the bridge linking the greater Copen-
hagen area in Denmark with southern Sweden. In this instance, Oresund 
is a new cross- border region with initiatives such as the Medicon Valley 
Academy to promote biotechnology.

Multinational entities such as the European Union encourage univer-
sity–industry–government collaboration as a source of regional renewal 
and as a method of overcoming the barriers to regional development in-
herent in national boundaries. Cross- border regions, such as Oresund 
joining southern Sweden and Copenhagen, the Bothnian Arc where Luleå
in Sweden and Oulu in Finland cooperate, and Cascadia linking Washing-
ton State and British Columbia, have been constructed by transcending 
inherited boundaries. The building blocks of these newly created regions 
include a source of knowledge, a consensus- building mechanism, and an 
innovation development project.

Regional triple helix spaces

Early 20th- century New England had knowledge spaces, research fi elds 
with technological and economic development potential at universities 
such as MIT and Harvard. The New England Council served as a con-
sensus space where business, governmental, and academic leaders came 
together to test existing ideas, try out new ones, and develop an analysis 
that was appropriate to the region’s problems and opportunities. Finally, 
an innovation space was created: an organizing effort for technological 
fi rm- formation that culminated in the invention of the venture capital 
fi rm.
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A regional triple helix emerges from knowledge, consensus, and in-
novation spaces. A knowledge space provides the building blocks for 
regional growth in the form of a “critical mass,” a concentration of re-
search resources on a particular topic, from which technological ideas 
can be generated. When these resources reach a certain level, they may 
play a role in regional development. A consensus space denotes the pro-
cess of getting relevant actors to work together: brainstorming, analyzing 
problems, and formulating plans. When these actors generate a strategy 
and bring together the resources to realize it, the regional development 
process can be moved forward. An innovation space denotes an organiza-
tional invention or adaptation made to fi ll a gap in the regional develop-
ment process, often identifi ed during the consensus phase. The organizing 
effort to create a new hybrid entity is similar to a social movement, bring-
ing together resources, people, and networks across the triple helix.

Knowledge space

The initial stage is often the creation of a knowledge space consisting of a 
concentration of related R & D activities. Indeed, the availability of such 
a “critical mass” of research in a local area has been argued to be a neces-
sary condition for science- based regional economic development. But it is 
certainly not a suffi cient condition. US research universities supported by 
the growth of federal research funding during the post- World War II era 
constituted an enormous underutilized resource by the 1960s.5 Faculty
members who had worked with a few graduate students, with modest 
support, before the war, now led well- funded research groups that had 
access to increasingly sophisticated research instruments. Despite evi-
dence of signifi cant discoveries in the life sciences, only a relatively few 
successful instances of transfer occurred. Several of these universities later 
became the seedbed for signifi cant regional economic development efforts 
while others are only just getting involved.

Research policy has been integrated with regional policy, whether 
directly as in Sweden or indirectly as in the US. Now that the role of 
academic research in creating new fi rms and jobs has been widely recog-
nized, the concentration of national research resources at relatively few 
leading universities is no longer acceptable to other regions. In Sweden 
the Stockholm region was the major concentration, with additional con-
centrations in Gothenburg and Lund. The research council system of dis-
tributing funds primarily to the existing concentrations of research has 
been supplemented by two additional levels of research funding which 
have introduced regional criteria as one of the bases for distribution of 
funds.

The concept of “knowledge space” was fi rst used to describe the de-
centralization of government research laboratories following the mid-
1980s earthquake from Mexico City to other regions of Mexico where, 
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inserted into new surroundings, they took on a new potential. The 
researchers began to think of how they could use their skills and the 
resources of the institute to address problems in their new locality. For 
example, a relocated agricultural institute took up the problems of the 
strawberry crop in their new locality. Then, more research institutes 
were relocated to give additional areas of the country the opportunity 
to create knowledge spaces. The decentralization of laboratories from 
Mexico City gave other Mexican regions a research capacity that had 
heretofore been lacking. These relocated research institutes still represent 
a potential for regional development that will be realized only if further 
steps are taken.6

Consensus space

A consensus space is a neutral ground where the different actors in a 
region, from different organizational backgrounds and perspectives, can 
come together to generate and gain acceptability and support for new 
ideas to promote economic and social development. From the analysis 
of the knowledge resources in a region awareness can be generated of 
their potential. Knowledge spaces are often transformed from potential 
to actual sources of economic and social development through projects 
originating out of discussions among participants whose backgrounds 
crosscut institutional boundaries. The very process of including actors 
from these various backgrounds in the strategy review and formulation 
process provides access to the resources required to implement the even-
tual plan.

In the late 1970s and early 1980s the Competitiveness Center of SRI 
International, a consulting fi rm that had spun out of Stanford University, 
advised Midwestern states, in industrial decline, how to organize regional 
cooperative groups to revive their economies. When the economic down-
turn affected Silicon Valley these policy researchers brought their model 
home and helped establish an organization, Joint Venture Silicon Valley 
(JVSV), bringing together high- tech company executives, local govern-
ment offi cials and academics for a series of public meetings. Some ideas 
that came out of these discussions were then put into practice to develop 
new high- technology industries. One project, Smart Valley, for compu-
ter networks and information resources to help develop the next level of 
technology for the region, formalized some of the informal networks that 
have been found to be crucial to the development of high- tech industry in 
the region.

The classic example of a successful consensus space is the New Eng-
land Council during the 1920s and 1930s where, in the course of a series 
of studies and discussions, the focus of regional innovation shifted from 
developing new products within existing fi rms to a strategy for forming 
new fi rms. Although the New England Council was limited to an elite, 
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the meetings of the JVSV organization in the early 1990s were open to 
the public. The two groups had in common the ability to translate ideas 
into action.

On the other hand, the discussions held at the New York Academy 
of Sciences during the mid- 1990s failed to attract industry and govern-
ment representatives at a suffi ciently high level to be able to initiate a 
viable action plan. Thus one problem in the creation of viable consensus 
space is the need to attract representatives from the different spheres with 
suffi cient credibility and decision- making power not only to formulate a 
viable plan but to carry it forward.

In such discussions there is typically a debate between those who wish 
to initiate a project that can show results quickly and others with a long-
term, larger- scale vision. For example, should the project meet the needs 
of existing fi rms or create the conditions for the development of new 
fi rms? This very issue was debated among formulators of the plan for the 
new branch campus of the State University of Rio de Janeiro at Friburgo. 
One group wanted to establish an engineering school that could supply 
BA graduates to work in existing fi rms. Another proposed the creation 
of an information technology PhD program to generate individuals with 
the skills to develop new technologies and, hopefully, new industries, and 
this idea was adopted.

There is a need to fi nd a balance between projects that can demon-
strate short- term results and large- scale projects that may initially be 
beyond the group’s capability. Often there is a need to integrate disparate 
small initiatives and encourage collaboration rather than start entirely 
new projects. As these initiatives evolve, they typically include all the ele-
ments of the triple helix. Thus the State of Rio de Janeiro Industry Asso-
ciation took the lead in conceptualizing a plan for high- tech development 
in Niteroi, a city across the bay from the city of Rio de Janeiro. The asso-
ciation soon recruited representatives of the municipal government to the 
discussion. A consultant brought in to advise the process next introduced 
into the group faculty members and administrators from the Federal Flu-
minense University, located in the city.

There is often pressure to act quickly, to adapt a well- known mecha-
nism such as a science park or venture capital fi rm, rather than to spend 
the time to carefully consider what is appropriate to a region given its 
state of development. For example, Accra, Ghana is at the very earliest 
stages of IT fi rm- formation. One policy entrepreneur wants to move di-
rectly into the innovation space with a proposal for the government to 
start a venture fi rm to support new technology enterprises. Another has 
suggested that rather than start a venture fund, the government should 
help, “bring Ghana’s inexperienced IT people together. Let them talk. 
When people talk, ideas come up—and someone will pick up the ideas 
and run with them.” 7 In this latter view, a consensus space is called for.
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Innovation space

The innovation space may be visualized as a dual set of ladders with 
crossbars between them. One ladder is the linear model of innovation, 
starting from research; the other ladder is the reverse linear model of in-
novation, originating in societal needs. Crossbars between the ladders 
are represented by specifi c innovation mechanisms: incubator facilities, 
technology transfer offi ces, research centers, science parks, etc. Where the 
reverse linear side and the linear side meet, something unexpected that 
was not part of the original plan may result, such as an incubator with 
research-oriented fi rms and market- oriented fi rms interacting with each 
other.

An innovation space may start from the creation of a new organiza-
tional mechanism to jump- start knowledge- based regional development 
or it may proceed from the goals articulated in the consensus space. For 
example, in addition to providing a receptive venue for the concept of 
fi rm- formation from academia, the New England Council worked out 
an organizational strategy to realize that goal by inventing the venture 
capital fi rm. There is no single approach that is appropriate for all situ-
ations. An element that is present in one region may be absent in another 
and vice versa.

The basic phenomenon of science- based economic growth is generaliz-
able but simply taking a mechanism that has been highly successful in one 
area and re- creating it in another may not work. For example, a region 
lacking a knowledge base with a critical mass may have built a science 
park simply expecting high- tech start- up fi rms to emerge, even without 
that suffi cient knowledge base. Organizational mechanisms relevant to 
fi lling an innovation gap must be created. A more relevant strategy may 
have been to develop a research center on a topic with relevance to the 
region’s economy, or even a university if one was  lacking.

The best approach is to make an analysis of the strengths and weak-
nesses in a region and then design a development strategy. In 1930s New 
England this process identifi ed a need for venture capital but the problem 
may differ in other regions. The missing link in the New York region is 
a lack of networks between the institutional spheres. In other regions, 
such as Oresund (Copenhagen, Denmark and southern Sweden), the ana-
lysis, calling for a physical link and symbolic focus, may differ yet again. 
This variation reinforces the importance of analyzing regional strengths, 
weaknesses, and opportunities before taking action.

Physical artifacts such as the Science Park at Stanford or the ring road 
around Boston are superfi cial after- the-fact characteristics, rather than an 
underlying cause of high- tech economic development. Knowledge- based
regions like Silicon Valley and Route 128 are the cumulative result of 
interaction between governments at various levels, universities, and in-
dustries. Networks are generated from a variety of sources. For example, 
they may emanate from collaborations between large fi rms and academic 
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researchers. When the Pharmacia Corporation left Uppsala, Sweden, 
many researchers remained. The ties that had earlier been created be-
tween the fi rms’ researchers and their colleagues at Uppsala University 
then became the basis organizing biotechnology fi rms. An individual may 
also take the lead in bringing a group of fi rms in a fi eld together to dis-
cuss common interests and undertake collaborations. This may lead to 
the organization of an association such as “radio valley” in Gothenburg, 
Sweden, or the effort to organize a photonics cluster in Recife, Brazil.

Triple helix spaces and science- based economic 
development

A summary of the phases of regional knowledge- based economic devel-
opment can be found in Table 5.1.

The regional triple helix spaces are nonlinear; they can theoretically 
be created in any order, with any one of them used as the basis for the de-
velopment of others. The process of enhancing regional innovation may 
start with the knowledge space, and move to the consensus space and 
then to the innovation space, in a linear fashion, or start from the con-
sensus or innovation space and proceed from there. On the other hand, 
the process may start in the innovation space directly, with the develop-
ment of a project or initiative. For example, an executive of the Down-
town Partnership, a New York development agency that took an interest 
in promoting incubators, said that she could get the necessary informa-
tion by “calling around”; an elaborate process was not necessary once 
her agency had made the decision to act. Some action is better than an 
endless discussion project and even an initiative taken in a vacuum can 
be improved, assuming it does not quickly fail and disappear. Other ele-
ments, like an effective discussion forum, may be added later to make the 
regional project more effective.

Table 5.1

Triple helix spaces Characteristics

Creation of a 
knowledge space

Focus on collaboration among different actors to 
improve local conditions for innovation by concentrating 
related R & D activities and other relevant operations

Creation of a 
consensus space

Ideas and strategies are generated in a “triple helix” of 
multiple reciprocal relation ships among institutional 
sectors (academic, public, private)

Creation of an 
innovation space

Attempts at realizing the goals articulated in the previous 
phase; establishing and/or attracting public and private 
venture capital (combination of capital, technical 
knowledge and business knowledge) is central
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The regional space consists of the set of political organizations, industrial 
entities, and academic institutions that work together to improve the local 
conditions for innovation, forming the regional triple helix. These three key 
elements in the regional space play their specialized roles in a regional or-
ganizing process. However, if one element is missing, or constrained from 
participating, another may take its part. For example, if a regional gov-
ernment is lacking, a university may take the lead in encouraging fi rms to 
cooperate with universities or other knowledge- producing institutions. A 
collaborative culture, and the experience of different actors working to-
gether, provide a secure base for developing an innovation  strategy.

The regional innovation organizer (RIO)

Who shall assume a leadership role in resolving innovation crises at the 
regional level is a frequently asked question even in countries with strong 
regional governments. At the regional level, in many countries, there may 
not be a governmental actor available to take the lead since there are no 
or only very weak regional governments. Portugal, for example, does not 
a have a strong tradition of regional government. In this situation the 
University of Aveiro took the lead in bringing together companies and 
municipalities, playing the role of innovation organizer. An organization 
that takes the lead in enunciating a development goal and coordinating 
cooperation among a group of organizations to carry it out is a regional 
innovation organizer. Since governmental boundaries often do not coin-
cide with economic districts, there can be a leadership vacuum.

A company or a university that takes the lead in recruiting partners 
and managing the interaction among a group of fi rms in a region may 
fi ll this gap. Stanford University had to take the lead in order to create a 
technical industry surrounding the university. This process took decades. 
The fi rm- formation activity that was observed in Silicon Valley in the 
1960s and 1970s resulted from initiatives dating to the end of the 19th 
century that encouraged students from the Stanford engineering school to 
form fi rms. It was realized that a great technological university required 
a support structure of fi rms. Otherwise graduates would move elsewhere 
and the university would remain a small isolated entity.

Such “greenfi eld” sites lacking previous development may require dif-
ferent strategies than “brownfi eld” sites with previous industrial develop-
ment. Certainly the constellation of actors will be different, with previously 
industrialized areas typically having fi rms in a state of decline that may be 
too occupied with their own problems to support new fi rm- formation.
Indeed, they may oppose it, wanting the resources to save their own com-
panies. On the other hand, greenfi eld sites may lack actors with industrial 
experience. In the following case the university, as the major available 
organizational resource available, creatively adapted a state government 
program to local circumstances to stimulate fi rm- formation.
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The university as regional innovation organizer

Exurban Long Island lacked an industrial base and local government was 
relatively weak. The most signifi cant institutional actor in this far region 
of New York City, apart from a nearby federal laboratory, was a research 
campus of the State University of New York (SUNY). Expanding upon a 
single mode of technology transfer, the patenting and licensing of intellec-
tual property, SUNY Stony Brook has taken the lead during the past two 
decades in formulating a knowledge- based regional economic develop-
ment strategy, utilizing local, state, and federal  resources.

The New York State science- and-technology policy of helping local in-
dustry through centers of advanced technology at local universities was 
not relevant to the Stony Brook campus of the State University of New 
York, located in a greenfi eld site in Suffolk County, 50 miles from New 
York City. The exurban site was selected to be nearby the Brookhaven 
National Laboratory, an asset for a science- based university. The campus 
was located beyond the zone of suburban industrial development, the 
exodus of industry from the city having halted well before Stony Brook. 
Given the lack of industrial development, Stony Brook developed a stra-
tegy similar to the one initiated just prior to World War II by Frederick 
Terman, then dean of engineering at Stanford University, in Santa Clara 
County, which at that time had similar characteristics to Suffolk County 
during the postwar era.

The presence of a medical school with extensive research capabilities 
in molecular biology suggested a focus on biotechnology. The techno-
logical area for selected start- ups was one in which the university had 
special strength. Former President John Marburger, stated in a personal 
interview, “We had a very clear concept of what could work . . . start- up
companies in biotechnology.” Moreover, a gap was identifi ed in R & D 
and pilot plant facilities that the university could fi ll and thereby assist 
the development of biotechnology fi rms. Based upon the observation that 
such companies typically spend a considerable portion of their start- up
capital equipping their laboratories and plants, if some necessary facili-
ties were provided by the university it was thought that a Stony Brook 
“location would be more attractive to these companies.” Providing fi rms 
with access to shared R & D infrastructure was matched by an effort to 
expand the research capacities of the faculty.

The university adapted an award from the New York State Centers 
Program to meet its special circumstances as a greenfi eld site. The Stony 
Brook Biotechnology Center ran what might be called a pre- Small Busi-
ness Innovation Research (SBIR) program, directed at uncovering the 
commercial potential of research fi ndings. For more than a decade, the 
center has offered funds to seed new faculty research projects that had 
some near- term commercialization potential. Typically, faculty utilized 
the funding program to take a basic research fi nding that had originated 
in their laboratory and examine it from a product- oriented perspective.
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The center carved out a key role for itself in the campus technology 
transfer effort as a business, economic development and granting center. 
A professor present on the faculty, with previous success in organizing 
a biotechnology fi rm, provided a signifi cant role model for his peers. 
Establishing an incubator facility was the next step in the university’s
regional development strategy of creating high- tech industry adjacent to 
the campus. Having both spheres available to work in tandem can be the 
basis for a further stage of mutual development, a coevolution of univer-
sity and industry exemplifi ed by the following case.

Entrepreneurs as regional innovation organizers

In the Linköping region of Sweden, a regional development initiative, orig-
inating in a fi rm, moved into the university. In contrast to Long Island, 
where the academic institution was the only available source of initiative, 
Linköping had an industrial actor, as well. A group of entrepreneurs have 
created high- tech fi rms in the region, encouraged directly or indirectly by 
Saab Aerospace. The linking element was provided by an industrial liai-
son offi cer, appointed by the university, who invited the local technical 
entrepreneurs to form a discussion group at the university. This entrepre-
neurs’ club grew into a project to make university resources available to 
assist the development of the fi rms.

In a next step, an academic unit to train students as entrepreneurs, 
the Center for Innovation and Entrepreneurship, was established in order 
to encourage a fi rm- formation process from the university to comple-
ment the one that had already emerged from industry. Although many 
technical academics, especially in the engineering sciences, had formed 
companies, they typically functioned as individual consulting practices 
since professors were restrained by Swedish academic culture from pur-
suing the practical implications of their research in the direction of fi rm-
formation. Students were not similarly restrained from fi rm- formation
once an organizational path was opened up.

Student entrepreneurship, encouraged by incubator facilities, was then 
adopted by regional authorities who supported it as an economic devel-
opment strategy. Large fi rms, downsizing their businesses, also contracted 
with the Center for Innovation and Entrepreneurship to train their em-
ployees, who were being laid off, in entrepreneurship and fi rm- formation.
The model was transferred to other universities in Sweden and abroad. By 
utilizing entrepreneurship- training capabilities developed at Linköping,
the teaching model could be introduced to other universities quickly. 
Instead of each school developing their own set of courses, they could 
draw upon a tested model. In the following case, a state government ini-
tiative with business support transformed the knowledge space by cre-
ating a critical mass of company and government R & D units that led 
to upgrading of area universities as well. This knowledge- based regional 
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development process reshaped the identity of the region from low- tech
to high- tech and shifted its image from a low- wage to a high- wage area, 
despite the reality that dual formats coexisted.

Government as Regional Innovation Organizer

The development of the Research Triangle Park in North Carolina was 
initiated in the 1950s by Governor Luther Hodges in cooperation with 
three area universities and the North Carolina business community. This 
prototypical example of the construction of a high- tech region by exert-
ing regional political power at the national level resulted in signifi cant 
national R & D resources moving to a less research- intensive region. The 
motivation for high- technology development was the desire to achieve a 
measure of economic diversifi cation for a state economy narrowly based 
on tobacco and textiles. Land was obtained for a science park situated 
between the area’s three major academic institutions. Relocation of fed-
eral research facilities to the region was an important factor in the park’s
eventual success.

The Research Triangle Park was the physical manifestation of a suc-
cessful strategy to attract branch laboratories of federal agencies to the 
region. This research base was then used to attract smaller R & D labora-
tories of leading technology fi rms, such as IBM, to locate in the park. The 
establishment of an IBM research facility was a key event which led to 
takeoff. The state’s three leading universities were the offi cial locational 
points of the triangle but hardly the centerpiece of the state’s develop-
ment strategy. In the early years of realizing North Carolina’s high- tech
ambitions, the universities provided an intellectual and cultural ambi-
ance, making the Research Triangle an attractive residential location for 
scientists and engineers.

Technology companies considering locating a branch in the south 
typically think of North Carolina fi rst; its “critical mass” of federal and 
corporate labs gives it a competitive advantage in attracting additional 
organizations. Nor is the original North Carolina strategy easily replica-
ble; opportunities to relocate major laboratories are rare. An important 
lesson from this initiative was that it took decades to successfully create 
a science park, undiluted by general industrial ventures. Less patient at-
tempts in other regions gradually became general industrial parks as land 
was sold and leases were let for plants and professional offi ces. The park 
only recently became part of a fi rm- formation dynamic, instigated by fi rm 
closures.

The triple helix region

Route 128 and Silicon Valley have evolved a common model of science-
based regional economic development, despite some cultural differences. 
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Continuity in the origins of the model of science- based regional devel-
opment between Route 128 and Silicon Valley (MIT and Stanford) can 
be discerned in the work of Vannevar Bush and Frederick Terman, who 
were respectively a teacher and a student at MIT. The model of science-
based economic development from academia through the mechanism 
of the venture capital fi rm was transplanted from MIT to Stanford in 
the early postwar era. Some of the model was transferred as a result of 
Terman’s being around MIT during the war as director of the Radar
Counter- measures Lab at Harvard where he had the opportunity to ob-
serve MIT’s mode of academic development.

In a 1943 letter to the treasurer of Stanford, Terman proposed an in-
tensive replication of the MIT model in Northern California. Terman ad-
vised his friend

what I have seen about the way that MIT operates in connection with 
industry, this is what we have to do as soon as the war is over. We 
have to form research centers, we have to establish fi rms. We must 
make this a central thrust of Stanford if we are to become a major 
university.8

The vision that Bush and others at MIT were working from goes back to 
the ideas of William Barton Rogers. The founder of MIT wrote a report in 
1846 propounding the idea of a university, not a technical school, which 
would be involved in basic research and technological development.

Rogers’ idea was that science would infuse industry, not merely with 
low-level consulting from engineering design work but with longer- term
results of fundamental research. MIT always had a broader scheme of 
education than merely technical subjects. The goal was to encourage its 
graduates to take a broad view appropriate to an organizational leader 
rather than a technical assistant. Thus MIT established a humanities de-
partment which was oriented to the technical areas. Similarly, when MIT 
recruited physicists in the 1930s, it recruited the people who had an inter-
est not only in basic research but in the utilization of results. Thus when 
Van der Graaf was recruited from Princeton, MIT also arranged to have 
his patent rights transferred from Princeton to MIT.

Some historians have interpreted the recruitment of basic research-
ers to MIT during the 1930s as a sign that MIT was moving toward the 
general research university model in the US. Actually Karl Compton, the 
president of MIT, was recruiting a particular subset of physicists, a subset 
that had both goals in mind. The integration of academic and business 
goals is the basis of the entrepreneurial university and knowledge- based
regional economic development. The industrial base emanating from a 
university often retains some of its academic heritage. For example, the 
biotechnology fi rms in the Boston and Bay areas, and elsewhere, have 
a common quasi- academic mode of operation. Advertisements for post-
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doctoral fellows to work in fi rm as well as academic laboratories can be 
found in Science and other journals. Common social networks that go 
back to college and graduate school are sometimes the source both for 
the business and the technical sides of these fi rms.

Saxenian (1994)9 has emphasized discontinuities of organizational 
style between these two leading high- tech regions. The issue is structure 
versus network; vertical organization versus lack of hierarchy. On the 
one hand, Data General, an old- line minicomputer fi rm, had a fl exible 
development group in its heyday. On the other hand, the later years of 
decline at DEC on Route 128 and the recent past of Hewlett Packard, 
a hierarchical operation in Palo Alto, may not be too dissimilar. As an 
observer noted, “Resource allocation (a focus on traditional bureaucratic 
procedures rather than unconventional ways of unleashing new ideas) is 
just as likely to hobble creativity in large and vibrant Silicon Valley com-
panies as it is in boring, old industrial age companies.”10 The broader 
signifi cance of this debate lies in the issue of whether these two regions 
represent unique historical instances or essentially common phenomena.

The implication of the “uniqueness” hypothesis is that if Silicon Valley 
and Route 128 were phenomena that arose in particular circumstances, 
then they may be replicable. The attempt in the UK to set up science 
parks may have been misguided or perhaps the process is often simply 
longer than many wish to accept. For example, when visitors came from 
Australia, the UK, and elsewhere to visit the science park at Stanford 
during the 1970s, the fi rm- formation process they were observing was 
already the result of 50 years or more of work. The park had originally 
been built as an industrial park, simply to earn more money for academic 
development at Stanford. However, the companies that wanted to locate 
in the park near the university were typically already closely related to the 
university. The guidelines for the park were soon revised to limit tenants 
to fi rms wishing to maintain university links. Thus the research park was 
born. The park was the end result, not the starting point, of a process of 
encouraging the creation of an organizational capacity and ethos to form 
fi rms around the university.11

Creating the regional triple helix

What are the necessary and suffi cient conditions for creating a triple helix 
region, a knowledge- based conurbation that has the capability to renew 
itself across technological paradigms? The criteria for success are not 
only the ability to create a cluster of high- tech fi rms but the ability, over 
the longer term, to generate additional clusters as earlier successes are su-
perseded. The transition from minicomputers to biotechnology in Boston 
exemplifi es this process of knowledge- based regional renewal across tech-
nological paradigms. Cambridge, Massachusetts has recently been recog-
nized as having the largest concentration of biotechnology activity in the 
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US, demonstrating that the region’s early success with high- tech innova-
tion in minicomputers was not a unique phenomenon.

A region with a broad- based entrepreneurial university has the capa-
bility to transcend a particular technological paradigm and renew itself 
through new technologies and fi rms generated from its academic base.
An entrepreneurial university can be found either as the source of virtu-
ally any high- tech region or as a consequence of its development. Such a 
university should be broad enough in its focus to be at the forefront of 
several areas of advanced science and technology, only some of which 
have short- term potential for application. If a university is too narrowly 
focused, say on applied IT, as at Karlskronna, Ronneby, Sweden, the abil-
ity to develop alternative knowledge- based sources of economic develop-
ment may not be available.

Triple helix regions may also emerge as the unintended consequences 
of policies designed for other purposes. For example, the recent emer-
gence of northern Virginia as a technology region was both a result of 
its contiguity with the federal government and a consequence of the 
belief of many in government that it should decrease in size. On the one 
hand, the federal government promoted the “Star Wars” ballistic missile 
defense system which required advanced systems development capabili-
ties and complex software. On the other hand, a conservative govern-
ment wanted to eliminate programs as part of an effort to reduce the size 
of government. Nevertheless, it still wanted the results of the programs 
and thus adopted a privatization strategy, generating spin- offs from its 
laboratories.

A start- up process emerged in the Washington, DC area, formerly a 
one-industry region based on government, from government’s increasing 
technology requirements. Firms formed to get government technology 
contracts wanted to stay close to their customers, the government agen-
cies that were the source of their business. The enhancement of academic 
capabilities at George Mason University, and the development of a north-
ern Virginia extension of the Virginia Polytechnic Institute in Blacksburg, 
arose as a consequence of this government–industry relationship. North-
ern Virginia is emerging as a triple helix region, led by the presence of 
government agencies that create a demand for high- tech products and 
help create a local industrial and academic base as a by- product.

Policy implications

Regions may be viewed as “thick” or “thin” depending upon the pres-
ence or absence of innovation support structures, whether informal or 
formal. Whether it is important for a region to create new organizational 
mechanisms thus depends upon whether fi rm- formation is already taking 
place, supported for example, by a network of angel investors, or requires 
a formal support structure, such as an incubator facility, to take off. A 
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region that is rich in business development requisites such as venture 
capital and an entrepreneurial culture may not have to develop as many 
explicit organizational mechanisms as one where these are lacking.

Europe has announced the Lisbon Agenda, an ambitious goal of catch-
ing up and surpassing US science- based economic development by 2020. 
The “region” has assumed a special signifi cance in this European Union 
(EU) plan that includes initiatives to develop concentrations of research 
strengths and bridging mechanisms like the US SBIR program. The EU 
is constrained by its charter to identify topics not well developed at the 
national level and the region meets the EU criteria of “additionality,”
adding value where nation states have been relatively inactive. Both de-
clining industrial regions and areas lagging behind in development have 
been the focus of attention.

The traditional European innovation strategy has been the “learning
region“ based on incremental innovation, emphasizing close relations 
between fi rms and customers as the basis for innovation. Building upon 
existing assets rather than creating new ones is the basic strategy. Universi-
ties in a learning region can be expected to focus on traditional university–
industry relations such as preparation of trained human capital and infor-
mal relationships such as consultation. Learning regions are more oriented 
to low- tech than to high- tech, to government–industry relations rather 
than to university–industry relations.

At the turn of the new century the US model of discontinuous inno-
vation based on fi rm- formation surpassed the previous innovation fash-
ion of incremental innovation in large fi rms, characteristic of Japanese 
corporations. Certainly, the two paradigms are not mutually exclusive. 
Indeed, the ultimate objective of initiating start- ups is to grow a rea-
sonable number of these new fi rms to the scale where they can provide 
signifi cant employment opportunities and productivity growth. How 
to create the conditions to generate a continuous start- up and growth 
process within and across regions is the fundamental issue.12 University–
industry–government collaborations, creating support structures for in-
novation, are the topic of our next chapter.
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6 Triple helix technopolis

Research centers, technology transfer offi ces, and science parks, and the 
interaction among them, are emerging as the driving force of science-
based economic and social development.1 As these organizations grow 
and expand their capabilities, some of the tasks they undertake overlap 
those of their counterparts. A research center may develop an industrial 
liaison offi ce. A technology transfer offi ce that formerly licensed intel-
lectual property to existing fi rms may also form new fi rms based on intel-
lectual property generated at the university. The science park, originally 
intended to serve as a receiving point for successful fi rms generated from 
academic research, may also establish an incubator facility to start new 
companies.

The science park model comes full circle when a park founds a new 
university as a platform to encourage future spin- offs. Incubators may 
draw in fi rms from outside the university from parts of government 
laboratories, and from university research groups in order to incubate re-
search centers as well as new fi rms. In addition to linking different disci-
plines within the university, centers also mediate between the institutional 
spheres by including industry representatives on their advisory boards. 
Technology transfer offi ces extend their internal and external capabilities, 
identifying potential research funding providers, as well as purchasers of 
academic technology.

The potential for collaboration is enhanced as university technology 
transfer offi ces, research centers, clusters, and science parks in a region 
become part of an interconnected web. The increasing interrelationships 
among the various innovation organizations encourage crossover be-
tween government and university and between university and industry. 
As the density of an innovation space increases, a series of relatively iso-
lated innovation organizations may be synthesized into a self- sustaining
regenerative source of economic and social development, a triple helix 
technopolis.



Convergence of innovation initiatives

There is a convergence under way among research centers, technology 
transfer offi ces, science parks, and clusters. As they develop, they remedy 
defi cits in their functioning by incorporating elements of a counterpart in 
their organizational design. Thus a science park in an isolated location 
may fi nd that it needs the generative force of an entrepreneurial univer-
sity as a source of fi rm- formation. Conversely, a university seeking closer 
links to industry may establish a science park adjacent to its campus to 
provide a support structure for its research and training programs as the 
next step in its development.

A hybridization process takes place as various organizations inte-
grate different innovation activities into their portfolio, fi lling gaps in 
the knowledge, consensus, and innovation spaces. Instead of technology 
push and market pull operating side by side with industrial clusters, and 
university research groups operating separately, they are linked directly 
or through intermediaries. For example, centers organized by academics 
often include fi rms as members. Science parks may provide a home for 
university departments as well as companies. Low- tech clusters increas-
ingly fi nd that they require a higher increment of knowledge. Building a 
university, in addition to a vocational training school, may be the next 
step in the upgrading and development of a cluster.

University technology transfer offi ces interact with industry to translate 
embryonic technologies from academic to industrial formats. Such offi ces 
produce transaction benefi ts such as the added value that arises, on the one 
hand, from encouraging academic inventors to be involved in developing 
the implications of their technology and, on the other, from arranging for 
additional development work by industrial customers. The transfer offi ce 
also provides a search mechanism to identify potential users of knowledge 
who may not already be in the informal network of university–industry
relations or even within the circle of scientifi c journal  readers.

An appropriate legal infrastructure for university–industry relations 
is required to realize additional benefi ts from a knowledge space. Gov-
ernment has created innovative formats for the protection of intellectual 
property that have spread from industry to academia. Patents publicize 
inventions, making protected knowledge available as a public resource 
for others to create new knowledge. This new knowledge can itself be 
privatized and protected even as it is also publicized, creating a continu-
ing steam of invention and innovation.

The emergence of the technology transfer offi ce

An initial step toward the entrepreneurial university is often the creation 
of a technology transfer offi ce as an internal search mechanism to iden-
tify commercializable technology and as an external search mechanism to 
identify potential customers. This development in academia is paralleled 
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by the establishment of similar intelligence and transfer capacities within 
the fi rm. Such units identify technology developed within the fi rm that 
may be utilized in other parts of the company or marketed outside, as 
well as identify technology that it needs to import.

Early postwar funding of research was justifi ed on the basis of an
endless-frontier metaphor with an assumption that research results would 
fl ow easily to industry in the form of publications. Government was pre-
cluded from taking steps to develop technology itself except in strictly 
limited areas mostly related to national security. Wartime experience had 
clearly shown the need for enhanced interaction between university and 
industry, in order to quickly provide useful technology to the military. 
Since time pressures were not expected to be as great in peacetime, the 
presumption arose that a more relaxed technology transfer mode, such as 
that provided by publication, could suffi ce.

After a few decades and several billions of dollars of research funding, 
questions began to be raised about the effi cacy of this approach and stud-
ies were commissioned in the late 1960s to investigate the issue.2 With 
few results of university research turning into products outside of the mil-
itary area, agencies sponsoring research hired patent offi cers to manage 
the government’s intellectual property. They began to work closely with 
their counterparts at the very few universities that had technology trans-
fer offi ces during the early postwar period. Given an increased interest 
in seeing intellectual property put to use, government patent offi cials 
developed administrative procedures to transfer intellectual property to 
universities interested in commercializing research. This was a stopgap 
measure but one that began a trend.

The issue of university intellectual property initially arose in the con-
text of government funding military research at universities during World 
War II. It was realized that such research would produce useful results 
beyond immediate war needs and that these intellectual property rights 
should be protected. However, what was not decided at the time, or nec-
essary given the immediate focus on developing technology to win the 
war, was how those rights should eventually be utilized. When it was de-
cided that the federal government should continue to fund university re-
search after the war the issue of disposition of intellectual property rights 
was not clarifi ed.

The public- interest issues arising from the resources created with tax-
payer funds, on the one hand, and the private interests of the inventors 
and potential industrial users of these results, on the other, were debated 
in Congress and elsewhere but were not settled until the industrial crisis 
of the 1970s brought these issues to a head. The Bayh- Dole Act of 1980 
resolved the contradiction between the government ownership of intellec-
tual property rights in the research that it funded at universities and the 
wish to see those rights put to use.

The Bayh- Dole regime took into account the need to incentivize all par-
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ticipants to advance commercialization and maximize access to knowl-
edge created with government funds at one and the same time. While 
university technology transfer pre- dates Bayh- Dole and was on an upward 
trajectory at the time of its passage, the act codifi ed and legitimized a set 
of informal practices and relationships that had emerged between univer-
sity, industry, and government during the preceding  century.

Technology transfer offi ces view the Bayh- Dole Act as the charter doc-
ument of their profession. Indeed, some have analogized it as the “Magna
Carta” of academic technology transfer. The act provided the impetus for 
virtually all research universities to become involved in technology trans-
fer, beyond the few that had early identifi ed it as a signifi cant task.

Moreover, the act opens the way to creation of a new funding stream 
for academia from the proceeds of technology transfer. Some universi-
ties have extended the scope of the Bayh- Dole regime through internal 
rule-making, and claim rights over all intellectual property resulting from 
university research on the grounds that the intellectual and social atmos-
phere of the campus is an essential ingredient to faculty invention. The 
Bayh-Dole Act and technology transfer offi ces improve effi ciency in the 
technology transfer process by clarifying individual and organizational 
roles and by providing guidelines for the sharing of fi nancial  rewards.

Issues of intellectual property rights at the university–industry inter-
face have not yet been clearly addressed in Mexico, where there is also a 
problem of weak enforcement of patent laws. This has had the effect, on 
the one hand, of fi rms tending to rely on secrecy as their primary mode of 
intellectual property protection and, on the other, of requiring academics 
to turn over all intellectual property rights to the company and to re-
frain from publishing as a condition of research contracts. Secrecy is thus 
increased and university–industry interaction is limited due to a lack of 
creative compromise. Even though government takes steps to incentivize 
both sides to cooperate, stasis predominates in the absence of govern-
mental action to provide rules of the game that balance the interests of 
academia and industry.

The technology transfer offi ce as 
“innovation systems integrator”

The technology transfer offi ce serves as an “innovation systems integra-
tor” between university, industry, and government, bringing together 
various disparate elements to fi ll gaps in the technology transfer process. 
For example, when patentability was established, there was often a lack 
of means to demonstrate “proof of concept” to potential industrial part-
ners. In the absence of other ways to show the validity of a technology 
idea, transfer offi ces adopted a fi rm- formation strategy.

Establishment of a feedback loop from the third mission of contribu-
tion to society to the fi rst mission of teaching and the second of research 
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occurred as an unintended consequence of carrying out the third mission. 
Thus technology transfer offi ces began to contribute to the research mis-
sion by helping researchers identify additional resources to explore the 
practical implications of their fi ndings. Transfer offi ces also took on an 
educational role, in order to give faculty and graduate students a better 
idea of how to recognize a patentable invention.

Organizational capacities of the transfer offi ce and university culture 
are essential ingredients of success. Indeed, these elements may be more 
important to technology transfer success than the nuances of a partic-
ular intellectual property regime. In the past, patents and licenses were 
largely by- products of high- quality basic research. Patents that result in 
economic benefi ts are now increasingly sought after as direct outcomes, 
along with theoretical advance. It is the serendipitous result of basic re-
search that is believed to have the greatest fi nancial potential; therefore to 
induce researchers to focus on short- term projects would be counterpro-
ductive to the business objective of the offi ce.

Technology transfer offi ces view themselves as part of the service mis-
sion of the university to provide public benefi ts by putting research to use. 
Even as the business arm of the university, transfer offi ces view themselves 
as promoting core academic values such as dissemination of knowledge 
through publication and expansion of research. Earning money is im-
portant, especially to reach the break- even point of earning enough to pay 
for the costs of the offi ce and justify its effi cacy to the  administration.

Financial goals rarely predominate; most offi ces see their role as pro-
viding a range of services to assist their clients and view profi t maximi-
zation from technology transfer as one objective to be balanced against 
assisting academics to put their technology to use, even when the fi nan-
cial rewards are not large. As one technology transfer offi cer said in reply 
to a query about return on investment (ROI), “Financial ROI is only one 
aspect [and often not stronger than other key aspects] that drives most 
academic institutions’ tech transfer offi ces.”3 As technology transfer 
offi ces secure their fi nancial base, they are more easily able to operate 
within a long- range time frame and undertake projects that do not have 
immediate marketability.

Academic inventors’ publications and their interaction with scientists 
in industry help technology transfer offi ces identify commercial opportu-
nities. Dissemination of research fi ndings through publication may also 
help identify potential industrial partners and persuade them to provide 
gap funding that will move the fi ndings toward utilization. Offi ces rely 
on their university’s reputation and scientifi c strength to sell patents and 
identify partners for fi rm- formation. The necessity of aligning publication 
and patent time frames provides an incentive to make timely decisions in 
the “triage” process of judging commercial  potential.

Once that potential is seen and protected, publication is seen by the 
offi ce as an “advertising” mechanism to help identify potential licensees, 
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especially among offi ces that are taking a longer- range view and patent-
ing without having identifi ed a licensee in advance. The ability to fi le 
provisional patents quickly reduces, if it does not eliminate, the potential 
confl ict between publication and patenting. The cost of protection for an 
initial year when commercial potential can be assessed, before having to 
commit to the full patent process, has been made easily affordable.

At a few universities, the contribution of the offi ce to research fund-
ing is already greater than the 8 percent average of industry contribution 
to academic research. A few technology transfer offi ces with a long-
range perspective posit that revenues from technology transfer, especially 
from equity in successful fi rms spun out from the university, could make 
academia at least partially self- suffi cient within the extended time frame 
of 50 to 100 years. By providing the universities with a virtual “land
grant” of intellectual property, the Bayh- Dole Act of 1980 may eventu-
ally be recognized as the equivalent of the Morill Act of 1862.

Organizing the consulting relationship between university 
and industry

Many universities, especially in developing countries, are in the process of 
building research resources but are not yet able to capitalize knowledge 
through transfer. The increase in scale and scope of consultation provides 
a mechanism to “bootstrap” academic capital formation through a unit 
that that has the ability to identify and carry out larger projects than 
could be taken on individually. In this model, the consulting organization 
is an arm of the academic unit or department and thus returns profi ts to 
that unit. Alternatively, the consulting fi rm may move outside of the uni-
versity and become an independent business, hiring individual scholars 
for specifi c projects or paying them retainers for exclusive availability to 
the fi rm. The internalized consulting model is exemplifi ed by the CESAR 
unit at the University of Recife, Brazil, during the past decade or so, while 
the Arthur D. Little fi rm, spun off from MIT in the late 19th century, rep-
resents the classic externalized consulting model.

A service organization may be created, utilizing the human capital re-
sources of the university to identify technological needs in industry or 
government and provide solutions. This unit is based on organizing the 
knowledge resident within the university and marketing the skills of fac-
ulty and students. It provides a professional capacity to seek external 
work, and puts together temporary groups of academics to provide the 
solutions, thus translating consulting from an informal individual activ-
ity into an organized group practice. One of the founders of an academic 
consulting unit described how, in contrast to a technology transfer offi ce, 
“we work the other way around looking for problems that can be solved 
with human capital . . . One of the early jobs we had was a contract to 
develop the website of a large supermarket chain.”4 The earnings from 

Triple helix technopolis  95



these contracts provided the means to support academic development of 
the computer science department at the University of Recife. Consulting 
organizations and transfer offi ces, as highly organized formats for ex-
ternal relations, parallel the internal reorganization of research from a 
simple dyad of professor and student, or even research group, to a more 
intricate and focused organizational design.

The rise of centers

The trend toward center- formation originated in the experience of scien-
tists and engineers working on joint projects during World War II who 
wished to continue the interdisciplinary collaboration they had found so 
exciting in wartime research and apply it to new goals such as expand-
ing academic research capabilities and cooperating with industry. A uni-
versity center typically brings together several research groups around a 
common theme for several interrelated purposes:

1  to attract a greater amount of funding that any single group could 
hope to attain;

2  to build a new physical facility or acquire an expensive research in-
strument; and

3  to undertake larger- scale research projects.

A center may bring together various intellectual, physical, and organiza-
tional resources within a single university or it may span several universi-
ties and non- academic institutions such as government research institutes 
and fi rm laboratories, whether in a local region or among several regions, 
to engage in more intense collaboration.5

The growth of centers is making the university a more complex org-
anization, with faculty performing multiple roles in departments, centers, 
and technology transfer offi ces. Center directors increasingly resemble 
a corporate chief executive offi cer (CEO), administering the center and 
serving as a liaison with academia, industry, government, and the public. 
The formation of centers, bringing together diverse perspectives, expands 
upon the social process of research that takes place in scientifi c meetings, 
editorial board discussions, and conference planning groups.

Centers are typically based on the research mission of the university, 
although they increasingly include responsibility for outreach and public 
understanding of science. Although individual investigator grants remain 
a sacred tenet of US academic science, the National Science Foundation 
(NSF) and other granting agencies have made funds available on a larger 
scale to achieve various purposes. These include reorienting engineer-
ing schools from a theoretical and scientifi c to a more practical industry 
direction and encouraging the recruitment of women and minorities into 
scientifi c and engineering careers. Engineering research centers are ex-
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pected to meet these broader objectives, and are provided with funds for 
this purpose, as well as their technology mission.

In an academic system based on departments and disciplines, centers 
foster interdisciplinarity by coordinating researchers within and across 
intellectual and administrative boundaries. Centers can also bring to-
gether university researchers with those from industrial and governmen-
tal laboratories. They allow the issues of non- academic organizations 
to be addressed in an academic format by scientists from each sector. In 
principle, centers are temporary bodies that may close if funds run out, 
whereas departments are part of the permanent university budget.

The formation of centers has become a tactic in an academic struggle 
for funds. In an earlier era large scale government funded centers were 
primarily located at major universities. More recently, establishment of 
a center has become a means for an aspiring university to move up the 
academic ladder. As a faculty member at a leading university explained in 
a personal interview, “The centers are our way of getting a lot of research 
support . . . But this has changed, centers are giving other universities . . . 
a mechanism which we’ve been using all these years . . . Now because 
NSF spreads the wealth, . . . it’s the major institutions that are losing 
out.” The formation of centers focuses faculty and resources around a 
common theme to create a critical mass of high- level research activity in a 
university previously lacking this attribute. However, most NSF engineer-
ing and science centers are still located at the major research universities. 
Nevertheless, to its surprise, MIT lost a competition for a research center 
to a coalition of second- rank universities a few years ago.

The center format is extensively utilized by state and local govern-
ments in less research- intensive regions as a means to develop concentra-
tions of research relevant to their present and future economies. Centers 
also provide a neutral ground for company researchers to collaborate. 
The work done at the university is open, but the follow- up at the com-
pany laboratory can be proprietary. Centers enable companies to access 
the intellectual life in a university in “real time,” eliminating the lag be-
tween research discovery and publication. A center director noted in a 
personal interview that

if a professor is very interested in rapid processing, then [people in 
industry] will work with this faculty member because that is the main 
topic of his students’ research. So they share an offi ce and they work 
very close together so that the person [from industry] gets to know 
all the facets and you are constantly in touch with your company . . . 
It would be a means to incorporate new technologies much sooner 
and much faster.

Companies involved in this center wish to gain a competitive advantage 
by cutting the usual time it takes to learn about new research.
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The precise limits of communication between fi rms and universities 
can only be worked out in practice. As one academic noted, “It is never 
clear where to draw the line. Some people will tell you more than others.”
A company scientist observed in a personal interview

Everybody is willing to contribute to discussions if they feel like they 
are getting approximately equal in return. So if you get a person from 
a very restricted company . . . and you want to share with them but 
every time you say something you get back the answer from them 
like, “well, no, I cannot tell you that.” After a while, you cut back on 
your interaction with them . . . and you operate on the principle of 
equality.

Over time, a norm of reciprocity emerges.
New forms of collaboration are invented as traditional informal 

modes of sharing information and credit are transformed into formal 
large-scale cooperation between researchers and their industry and gov-
ernment sponsors. Centers combine some of the lateral features of a stra-
tegic alliance among companies with the hierarchical characteristics of 
a traditional European professorship or research institute. A center is a 
succession of strategic alliances to achieve a longer- term goal. Part of that 
longer- term goal is usually the creation or enhancement of an industrial 
cluster connected to the centers’ research. Such science- based clusters and 
their member fi rms often fi nd it useful to maintain physical proximity to 
a university.

Renewal of the science park

The science park originated as a repository for fi rms generated by the 
university which wished to maintain the umbilical cord between univer-
sity and fi rm. A science park is basically a real- estate development, ideally 
located next to a university. Its purpose is to house two types of research-
oriented fi rms: companies that have grown out of the university and wish 
to maintain close ties, and fi rms that wish to locate an R & D unit, or 
even their entire laboratory, to a quasi- academic site. These latter fi rms 
often wish to pursue multiple objectives, including closer collaboration 
with academic researchers and the ability to invite potential recruitment 
candidates to work part- time in the fi rm before making a hiring  decision.

The classic science park at Stanford University was the result of a
decades-long process of fi rm- formation from the university.6 Later sci-
ence parks, often located near universities without an entrepreneurial 
orientation, were expected to encourage, or at least be a source of, fi rm-
formation activities. Many subsequent science parks, typically built 
at isolated sites, have not been closely connected to academic centers, 
but have been home to multinational corporations and R & D units of 
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national corporations. Even when they were apparently successful, like 
Kista Science Park in Stockholm (home to Ericsson R & D), they typi-
cally lacked the fi rm- formation orientation.

Although fi rm- formation is certainly an integral part of the stated pur-
pose of most parks, few achieve this goal except as an unintended con-
sequence of the departure of tenants, whose former employees may start 
a fi rm and remain in the area. For many years science parks provided 
primarily a place for large fi rms to locate R & D units, and secondarily 
a means to collaborate with academic researchers and recruit promising 
students. Science parks are currently being reformulated into multipur-
pose entities, taking on new tasks such as organizing new universities and 
incubating fi rms.

Introducing the forward linear model into a science park

Sophia Antipolis, near the French Riviera, is the closest European coun-
terpart to North Carolina’s “Research Triangle,” emphasizing climate, 
contiguity to an airport, and inexpensive land as attractors. The plan for 
Sophia Antipolis was based on attracting existing labs and companies to 
relocate to a facility where they could be neighbors with their counter-
parts in four technological areas. Pierre Lafi ttte, the founder of Sophia 
Antipolis, also envisioned his park as a modern version of the medieval 
Parisian Latin Quarter, attracting scientists, engineers, businesspeople, 
and artists to a newly created suburban environment.7 Indeed, Sophia 
Antipolis has theaters and arts festivals as well as space for its main cli-
ents—branch laboratories of multinational fi rms such as Glaxo- Welcome, 
the former Digital Equipment Corporation, and Rhone Poulenc, as well 
as French government- supported research institutes and some of the engi-
neering and science faculties of the University of Nice.

Sophia Antipolis is a governmental initiative to encourage regional 
development and decentralization of research resources from Paris. It is 
similar to the Research Triangle Park in the US, except that the impetus 
comes from the political center rather than the regional level. Interaction 
with a university has been less important to its success than the ability to 
sell itself as an attractive location, a credible alternative to Paris, which 
is still the most common location for R & D in France. In an informal 
talk to visitors from a NATO Science Policy Workshop meeting in Nice, 
Lafi tte indicated that in the future the emergence of multi- media software 
using content from the humanities and social sciences will make possible 
the realization of a missing element in his original dream of Sophia Antip-
olis as a “Latin Quarter” with a university in which all the academic dis-
ciplines will be represented.

Originating as an attractive location for existing entities, Sophia Anti-
polis has since acquired some of the start- up capabilities of Silicon Valley 
and Route 128, through necessity. Merger of multinational fi rms has 

Triple helix technopolis  99



made some laboratories redundant and subject to closure. In one instance 
a choice between a London and a Sophia facility was made in favor of the 
former. Nevertheless, with assistance from the merged fi rm, employees 
were encouraged to begin new fi rms; these soon equaled the employment 
of the old lab. At least two such closures have sparked a fi rm- formation
effort which also brought in replacements for the old tenants.

Building a science park on the reverse linear model

The original concept of the science park as a destination point for fi rms 
formed from university- originated technology has been turned on its 
head. The science park has become a means to promote decentralization 
of research facilities. Universities without an internal dynamic of fi rm-
formation have also used the format as a means to attract technology 
based industry to locate adjacent to the university to encourage inter-
action, or at least create an image of industrial relevance. The University 
of Colorado at Boulder made the transition from a teaching to a research 
university in the 1960s, supported by National Science Foundation pro-
gram to develop a second tier of research universities. Along with the 
University of Utah, Boulder was among the leading candidates for aca-
demic distinction in the Rocky Mountains region.

As the local region in which the university was located suffered an eco-
nomic decline and in accord with the efforts of other universities to gain 
support for research from industry, the university embarked on a plan 
to use vacant land adjacent to its campus to develop a research park. 
During the 1980s a plan to establish a science park encountered serious 
setbacks before it became successful. A university administrator had par-
ticipated in the meetings of a national commercial real- estate association 
which, as academic interest grew, spun off an independent Association of 
University Related Research Parks. Through this group, the administra-
tor learned about the experiences of other universities that had already 
organized parks and made contact with experts who could help the uni-
versity develop its own project. A feasibility study was contracted to de-
velop the physical plans and location site for the projected research park. 
However, the idea was shelved by the university’s governing board when 
a trustee, with a background in real estate, pointed out that a necessary 
marketing and fi nancial study had not been done.

A few years later a new administration received a mandate from the 
governing board to develop a research park. By the mid- 1980s suffi cient 
universities were involved in real- estate development to support both a 
professional association of university administrators involved with the 
issue and specialized consulting fi rms to assist them. In addition to ob-
taining the necessary outside expertise the administrator also made an 
effort to gain campus support for the project by establishing a faculty 
advisory committee. Between the consultants and the advisory commit-
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tee, policies were worked out that, it was hoped, would make the pro-
ject compatible with academic objectives and fi nancially successful at the 
same time.

For example, it was decided that the research park would only attempt 
to attract fi rms in areas in which the university already had or could rea-
sonably expect to acquire signifi cant research strengths. A prime aca-
demic goal for the park was thus increasing the number of scientists in 
the region in fi elds in which the university had strength or might want to 
develop strength. This would provide consulting opportunities for fac-
ulty, jobs for graduates, the possibility of joint research projects, and in-
dustry funding for academic research. A fi nancial goal was the purchase, 
with projected research park profi ts, of additional lands for future uni-
versity expansion. An enticement for the humanities disciplines that were 
not directly included in the project was the possibility of an off- campus
institute partially fi nanced with park profi ts but expected to raise most of 
its own support from foundations or other donors.

The plan was considered an immediate success when a regional tele-
communications corporation decided to locate its R & D facility at the 
projected park. With the prestige of association with a major fi rm, it was 
expected that additional electronic technology fi rms would locate there. 
It was thought that in the long term the park would enhance the universi-
ty’s research capacities by supplementing inadequate levels of state fund-
ing while contributing to regional economic development. However, even
when sponsored by a university and connected to it through a variety of 
research connections and fi nancial arrangements, a research park is basi-
cally an independent entity set apart from the academic enterprise.

The gap between science park ideology and reality

The science park as a stand- alone suburban model works relatively well 
for self- suffi cient units of large fi rms. They interact primarily with other 
units within their fi rm and with a university if the science park is loc-
ated adjacent to one. Volvo and similar fi rms are the major tenants of 
the Chalmers University Science Park in Gothenburg, Sweden. The park 
location makes it convenient for a Volvo R & D unit to attract Chalmers 
students to work on projects in the lab, giving them a taste of industrial 
R & D, and to judge the ability of potential future employees without 
having to make an employment commitment.

Volvo has the opportunity to collaborate with university researchers 
by providing consulting opportunities for faculty members without dis-
turbing the traditional organizational structure of the university. How-
ever, new technology- based fi rms have mostly located in downtown 
Gothenburg, to take advantage of lower rents and of the amenities of 
the urban infrastructure, like cafés. The relative absence of start- ups in 
science parks in contrast to the stated objectives of many such parks, has 
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become the basis of an academic critique of their performance, calling 
into question the validity of the science park concept.

If the concept of the isolated R & D unit is outmoded, then the stand-
alone science park is also obsolete. Similarly, the traditional cluster of a 
group of related fi rms, perhaps supported by a vocational training insti-
tution, is also outmoded and needs to be enhanced by a research com-
ponent. Although education and research can be conducted separately, 
in institutes and colleges, a science- based entrepreneurial university fi lls 
both needs at one and the same time and also provides a strategic player 
with the capacity to take a long- term view of the region’s future. One way 
to revise a science park from a linear or reverse linear to an interactive 
mode is to insert it into a vibrant urban environment.

A suburban- style science park is less suitable for new, small, high- tech
fi rms than for the R & D units of large corporations. A relatively isolated 
location is an impediment to fi rms that want to be in close touch with 
each other and require a support structure that larger fi rms can afford 
to internalize. An urban environment provides easy access to a variety of 
supplies and services that even a large park can only partially duplicate. 
When there are fewer resources available this is an even greater problem. 
Thus in Recife, Brazil, few fi rms moved to a science park, built according 
to the classic model, located on the outskirts of the city.

Eventually a concept for an urban science park, Porto Digital, was cre-
ated that would take advantage of and enhance an older urban infrastruc-
ture and make it hospitable for a cluster of high- tech fi rms. The founders 
of Recife’s Porto Digital Science Park are renovating small commercial 
buildings on an island which was the historic city center and is now also 
the site of a reviving cultural center with cafés, restaurants, and historic 
buildings.8 A key part of the project is moving the university’s compu-
ter science department, a leading research center, to the science park, to 
be followed by the computer science departments of other area universi-
ties. While this will theoretically remove them from easy interaction with 
other disciplines, the gain in interaction with other computer scientists 
and IT fi rms is expected to outweigh this loss, given the strength of disci-
plinary boundaries.

Not any old urban infrastructure will do. The Yale Science Park, loc-
ated in a group of abandoned factories in a declining neighborhood of 
New Haven, Connecticut, is as isolated a setting as any suburban park. 
However, the university and the city have recently committed to enhanc-
ing the surroundings of the park. Similarly, the Audubon Park, adjacent 
to the Columbia University Medical School in upper Manhattan, has had 
diffi culty attracting biotechnology fi rms that, if they could stay in the city, 
preferred to locate downtown in a neighborhood with vibrant arts and 
cultural amenities such as Chelsea in lower Manhattan.
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The science park university

The renewal of the science park is typically accomplished by introducing 
an academic element. The objective is to turn the science park into a gen-
erator of new fi rms by creating an entrepreneurial university. The change 
in direction is often the result of a crisis caused by the departure of a 
major tenant. For example, when Ericsson closed its chip- manufacturing
facility at Stockholm’s Kista Science Park, the viability of the park was in 
question. Park management revised its strategy and introduced urban ele-
ments of apartment housing units and shopping centers into the isolated 
suburban location. They also transformed a small branch of the Royal 
Technological University into an independent school, Kista Information 
Technology University, that includes an entrepreneurial training program 
and an incubator facility.

One reason for a science park to found a university is to introduce a 
fi rm- formation dynamic into the park. Science parks that simply provided 
a prestigious corporate location have found that they do not make a suf-
fi cient contribution to economic development when a systematic fi rm-
formation process is lacking. The Porto Digital and Kista development 
projects merge the science park, cluster, and entrepreneurial university 
concepts into a larger whole. If the projects are successful, a self reinforc-
ing dynamic of innovation will be created.

Governance in the triple helix

To carry out these projects, the science park management expands its 
capabilities from real- estate administrator to innovation organizer. The 
long-term goal is to transform the science park into a cluster with a mix 
of fi rms of different scale and scope so that innovation will take place 
through interchange and collaboration among companies. The intro-
duction of an academic setting provides a neutral site for collaboration 
among fi rms, for example for center organization with academic re-
searchers. There is also the potential to induce a fi rm- formation dynamic 
from academic research or jointly through interaction with the fi rms in 
the park, typically through a science park incubator facility. A new unit, 
such as the Electrum Foundation at Kista, may be created to realize these 
broader objectives.

Such a unit within the park is similar to organizations established to 
encourage innovation across broader organizational landscapes where 
universities, for example, may not yet be cooperating with each other. 
For example, in Monterrey, Mexico, at the initiative of the state govern-
ment, public and private universities have established several cooperation 
initiatives preparatory to the development of a science park. A govern-
ance structure for the triple helix may be created to assist this transition 
in the form of a high- tech council. Such organizations play an initiating 

Triple helix technopolis  103



and coordinating role in a locality or region, bringing together existing 
resources and attracting or creating new ones.

Conclusion: triple helix technopolis

The triple helix model suggests that the interaction of institutional spheres 
will induce nonlinearity, crossover, and coevolution. This process can be 
seen in a university incubator facility that transcends its origins as a site 
for faculty spin- offs by taking in fi rms from outside the university, typi-
cally based on a business concept utilizing existing technology in a new 
way. As these fi rms start to collaborate with one another, often incentiv-
ized by a government program, each infuses the other and a new innova-
tion dynamic is set in motion.

Coordination of organizations in the innovation space is useful in 
order to aggregate resources; it may also reduce duplication of initiatives 
and encourage creative expansion of missions. A science park that has 
been open to all fi rms may decide to focus on a particular theme to get 
involved in cluster- building. A research center may be created to infuse 
this cluster with advanced knowledge and technology. The technology 
transfer offi ce and incubator facility may then interact with a cluster of 
fi rms that has the capabilities to utilize university  resources.

Gaps may be creatively fi lled through initiatives based upon collabora-
tion among innovation organizations. In embarking on such an effort, 
it is useful to analyze strengths and weaknesses across the landscape. 
This analysis may be done at the local, regional, national, or multina-
tional levels and by institutional sphere. Once an initiative is undertaken 
to improve innovation, it must continuously be revised and adapted as 
technologies rise and fall and as innovation spaces expand and contract. 
The following chapter addresses the issue of the adaptation of the in-
cubator, a prototypical innovation mechanism, to address a variety of 
opportunities.
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7 The incubation of innovation

The incubator is an expression of the university’s educational mission 
as well as its economic development and service missions. The incuba-
tor carries out the university’s educational mission in a broader sense by 
expanding the traditional academic format of teaching individuals into 
one of teaching organizations. Although the incubator is traditionally de-
fi ned as a support structure, providing common services to support fi rm-
formation, incubation is fundamentally a method of training a group 
of individuals to work well together as an organization. The reconcep-
tualization of the incubator as an educational institution takes the con-
ventional notion of the incubator, adapted from the hospital machine to 
assist premature babies, a further step.

The university incubator is a relatively new concept, dating from the 
mid-1970s. A liaison offi cial at the University of Colorado, Boulder, told 
the story of how he had received a phone call, some years ago, asking 
if the university had an incubator facility, and had referred the caller to 
the Poultry Science Department at Colorado State University. Today it is 
common knowledge, well beyond regional economic development circles, 
that the incubator paradigm has been extended from the hatchery and the 
hospital nursery to the academic and business worlds.

Beyond fi rm- formation, incubation is part of a broader framework for 
fi lling gaps in clusters, increasing the organizational density of regions 
and introducing new organizational capabilities into society. The incuba-
tor has been utilized to assist fi rm- formation from early- stage technol-
ogy, to raise the technological level of existing fi rms, and to create jobs 
in distressed regions. Incubation has also been extended beyond the busi-
ness fi rm to assist the development of cooperatives, arts groups, and non-
governmental organizations. This chapter discusses the evolution of the 
incubator from a support mechanism for high- tech fi rms to a methodol-
ogy for creating organizations to achieve a range of objectives.



Incubation of innovation

University incubators were originally established to speed up knowledge 
fl ow and technology transfer from university to industry. The normal aca-
demic process is to write a paper, present at a conference, and eventually 
publish in a journal. People in industry were expected to learn and adopt 
new ideas as an audience to this academic process or by hiring gradu-
ates. The slow pace and other limitations of this method led to several 
innovations to improve the transfer process, including the adaptation of 
the incubator concept from industry to assist academics with little or no 
business experience to start new fi rms based on technology invented in 
the university.

The format for incubation follows the normal academic educational 
process. There is typically an admissions procedure according to a set of 
guidelines similar to the criteria that universities follow in admitting indi-
vidual students on the basis of past accomplishments and future promise. 
These include the qualifi cations of the fi rm’s founders as well as the ex-
pected contribution of the fi rm to the economy and to society. Once the 
fi rm has been admitted to the incubator, the director may offer strategic 
advice and help it get more opportunities, much as an academic adviser 
helps students achieve their goals. Short courses may be available on spe-
cifi c topics such as marketing and business- plan development. Learning 
from informal interaction with fi rms at various stages of the incubation 
process also occurs, much as individual students learn from association 
with their peers. Finally, the stay in the incubator, typically limited to the 
approximate length of an undergraduate degree, may be concluded with 
a graduation ceremony.

University incubators originally focused upon realizing the commer-
cial potential of academic research. This approach was revised when 
former employees of large companies asked if they could also locate their 
“close-to-the-market” start- ups in the incubator. These technology fi rms 
were often admitted on the basis of available space in the facility and 
their ability to pay the rent. Some entrepreneurs were simply interested 
in moving their fi rms out of their homes to a prestigious location; the 
common support services and easier access to university facilities, faculty, 
and students attracted others. The university incubator thus included a 
mix of academics and businesspeople starting fi rms in the same place, 
with each side learning from the other.

Origin and development of incubation

Incubators arose from a confl uence of public and private interest in sys-
tematizing the transition from invention to innovation. The sources in-
cluded inventors seeking to develop their ideas, corporations seeking 
to spin off technologies not directly related to their core competencies, 
universities seeking to transfer technology, and municipalities wanting 
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to foster economic development. Based upon industry precursors, the 
initial objective was to assist the formation of fi rms from university re-
search. During the early postwar period there were increasing numbers of
university-based start- ups, especially near MIT and Stanford.

Renssellaer Polytechnic Institute (RPI), located in Troy, New York, a 
declining industrial region that was home to a great industrial research 
laboratory, wished to become involved in promoting start- ups. RPI 
realized that it needed a systematic method to foster fi rm- formation and 
imported the incubator concept from its neighbor in Schenectady, New 
York, the General Electric Corporation, for this purpose. Dr. Pier Abetti 
moved from the research lab of General Electric to assume a professor-
ship at RPI, bringing the incubator concept with him.

Combining a strategy of academic and regional development, the con-
temporary university business incubator is part of a complex of organi-
zational innovations targeted at the application of science to invention 
and of fi nance to the commercialization of research. These include the 
invention of the industrial research laboratory in the late 19th century, 
the technology transfer offi ce in the early 20th century, and the venture 
capital fi rm in the early postwar period. University, government, and in-
dustry each undertake activities that move them away from classical ar-
rangements into new hybridized formats such as entrepreneurial science, 
corporate university, business intelligence, and so on. The incubator, as a 
support structure to nurture the growth of technology fi rms, provides a 
location for some of these hybridized roles in the university.

The proto- incubator: Edison’s “invention factory”

The origins of the incubator as an organizational entity can be traced to 
Thomas Alva Edison’s efforts to systematize the invention and commer-
cialization of technology. Edison’s so-called “invention factory,” founded 
in the late 19th century, widely recognized as the precursor of the indus-
trial research laboratory, may also be seen as the prototype of the incu-
bator facility. Edison created his systematic method for invention, long 
before the term “incubator” was applied to an organization designed to 
nurture the growth of high- technology fi rms, but his organization may 
appropriately be viewed in terms of the incubation process.1

Edison brought together technologists, scientists, and support staff in 
a single organization, to systematically design and patent a series of core 
technologies and develop spin- off fi rms to bring them to market. More 
than a support structure supplying research and technology to meet the 
needs of an existing fi rm, Edison’s operation regularly and successfully 
created new businesses and industries such as fi lm and sound recording, 
but also failed in developing cost- effective techniques to process low-
grade iron ore.

The proto- incubator revolved around the technological vision of a 
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single person who envisioned technological and business opportunities 
and then designed technical and organizational solutions to fi ll them, 
such as the electric light system. The General Electric Corporation, in 
various national formats, was founded to supply the needs of this new 
technological complex and advance its development through research ef-
forts. It is perhaps not an accident that General Electric was one of the 
originators of corporate incubation in recent decades.

The early venture capital fi rm

The second source for the development of the incubator concept was the 
invention of the venture capital fi rm as a support structure for the early 
stages of fi rm- development. In contrast to the invention factory model 
based on the technical and business vision of a single individual, the orig-
inal venture capital fi rm was designed as a selection mechanism to attract 
and winnow the technology ideas of a large number of persons. Although 
American Research and Development (ARD) sometimes used available 
space at MIT to locate fi rms, in essence it operated as a virtual incubator, 
attracting, selecting, and supporting ideas for new technology businesses.

The entrepreneurial incubator

The third source for the development of the incubator concept is an ex-
tension of the corporate R & D or development lab. Some projects that 
were considered “far out” or that had potential for the development of 
new business, or that were not directly related to the fi rm’s existing ac-
tivities, were removed from the lab. They were relocated to a separate 
space or unit where their champions could be given greater leeway out-
side the regular organizational chain of command. These undercover cor-
porate R & D sites were sometimes called “skunk works.” Originally the 
name for the home of an advanced aerospace project, companies such as 
Control Data and General Electric took the skunk works concept a step 
farther and established internal incubator facilities to encourage develop-
ment of new technologies not necessarily related to the core business of 
the fi rm.

The corporate incubator serves as a test site for both employee and 
sponsoring fi rm. Corporate employees could retain their jobs while form-
ing a new fi rm, returning to their previous job without great risk if the 
project did not work out. The company could encourage the low- cost
development of new technologies by sharing with other investors the cost 
of spinning out fi rms, while retaining the right to purchase these fi rms at 
a later stage. However, when the corporation came under economic pres-
sure, activities such as incubation that did not contribute directly to the 
bottom line were often closed down. Corporate incubation has been an 
episodic process that nevertheless continually reappears, especially when 
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a fi rm fi nds that it needs to be more fl exible or requires additional income 
from its R & D. Some large fi rms, for example Xerox, have recently made 
incubation into a recognized profi t center.

The private incubator

In recent years, incubators have been established as independent fi rms or 
as spin- offs of venture capital fi rms. The private incubator, such as Idea-
lab or Launchpad 39, is typically initiated by an entrepreneur, or group 
of entrepreneurs, and is tightly focused on a particular technology theme, 
such as the Internet, with the goal of developing a stable of closely related 
fi rms. The private incubator supplies capital as well as business and sup-
port services to entrepreneurs to grow their fi rms; it works off a common 
business model of fi rm- formation to guide its entrepreneurs.2 The private 
incubator may even provide the business concept and, in effect, “hire an 
entrepreneur” to make it into a fi rm.

The private incubator represents a partial return both to Edison’s orig-
inal model and to the early venture capital fi rm. Since the incubator sup-
plies capital, it takes equity on this basis as well as in return for assistance 
with fi rm development. The private incubator brings the incubator model 
full circle to Edison’s concept of spinning off fi rms from a related set of 
technologies, and to the early venture fi rm model of providing extensive 
business and fi nancial assistance. Private incubators have been called 
“networked incubators” since they tend to emphasize synergies among 
resident fi rms and even form fi rms for this purpose. In another sense a 
private incubator is an industrial district writ small, with fi rms interact-
ing and doing business with each other at different levels of the supply 
chain, sharing information, cooperating as well as competing.

The state of the art

The incubator concept has spread across the academic world, within the 
US and internationally, following distinctive trajectories in response to 
varying academic, technological, and regional conditions.3 There has 
been a focus on reverse- engineering and adapting imported technology in 
Eastern Europe, on spin- offs from faculty research in the US, and on stu-
dent-organized fi rms in Sweden. Incubators have grown especially rapidly 
in China and Brazil. For example, in the early 1990s, Rio de Janeiro and 
New York City each had two university- based incubator facilities. Cur-
rently Rio has ten and New York three, although additional facilities are 
projected. One hypothesis to explain this difference is that New York’s
universities are highly competitive with one another, in contrast to Rio 
de Janeiro where the leading universities collaborate in assisting newer, 
smaller universities to develop their incubator facilities.

Similarities and differences among universities in different countries 
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are refl ected in different modes of incubation. In Italy, which is regarded 
as lagging behind in the development of new technology- based fi rms 
(NTBFs), incubators located in science parks have been found to play a 
signifi cant role in remedying this defi cit, with incubated fi rms demon-
strating “superior post- entry performances than non- incubated ones, es-
pecially as regards growth rates.”4 According to the National Business 
Incubator Association, “Business incubators catalyze the process of start-
ing and growing companies by providing entrepreneurs with the expertise, 
networks, and tools they need to make their ventures successful.”5 The 
concept has been realized at a wide range of technological levels and with 
different types of fi rms, as well as with non- fi rm entities such as NGOs 
and cooperatives and even with individual artists and craftspersons.

There are approximately 3,000 incubator facilities worldwide of vary-
ing scale and scope.6 One of the fastest growing incubator movements 
is in China, where large- scale state- supported incubators typically grow 
several dozen high- tech fi rms simultaneously.7 The incubator movement 
with perhaps the broadest scope is in Brazil, where several types of incu-
bators have been invented to mentor low- technology fi rms, cooperatives, 
and NGOs, as well as high- tech fi rms. Although incubation occurs in a 
variety of settings to achieve a number of objectives, the basic elements of 
the incubator model include:

•  a selection process, encouraging the improvement of the nascent 
business or organizational idea;

•  subsidized space, available for a limited period of time;
•  shared services, allowing support activities to be outsourced from the 

individual fi rm;
•  mentoring and education in best practices; and
•  networking, introduction to potential partners and  investors.

To these basic components may be added the provision of a signifi cant in-
vestment in the fi rm upon qualifi cation for admission into the incubator. 
While many academics have unrealistic expectations for their inventions, 
the process of preparing a business plan for entry into an incubator can 
provide a reality test. Ideally, the fi rm- formation process clarifi es business 
and technology concepts.

Stanford University does not have an incubator but it has been said 
of Stanford that the entire university is an incubator. A university with 
an entrepreneurial tradition located in an environment that has an infor-
mal support structure for fi rm- formation may not need an explicit facility 
devoted to that purpose. However, an organization designed to support 
fi rm- formation can help a university, especially one newly taking on an 
entrepreneurial role, achieve that goal. The premise of the incubator is 
that fi rm- formation can be improved by organizing it as an educational 
process, with formal and informal aspects. By bringing together various 
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elements to improve fi rm- formation in a common setting, the goal is to 
increase the chances for success of new enterprises.

Contemporary incubator model

The contemporary university incubator revives the classic venture capi-
tal model, combining fi nancing and mentoring of newly founded high-
technology fi rms, originated by ARD in the early postwar period. The 
incubator adds value to the original venture capital model by locating 
various fi rm- formation activities, often along related technology themes, 
in a common physical space where cross- fertilization among compa-
nies can more easily take place. By reconnecting the incubator model to 
a venture capital process, new enterprises can systematically be created 
from various sources including, but not limited to, academic, industrial, 
and government research laboratories. Ideally, the incubator is part of a 
broader strategy of academic and regional co- development and a web of 
informal and formal university–industry ties. Such ties can be initiated 
through the creation of a formal structure, such as an incubator or a liai-
son offi ce, or may arise from continuing relationships between professors 
and former students.

Firms may also be incubated from new business models created by en-
trepreneurs and academics and from incremental innovations developed 
within the non- research parts of existing fi rms. As a support structure for 
entrepreneurship, incubation is the logical next step after entrepreneurial 
education, even though historically it has typically come fi rst, with an ed-
ucational process added on later. Researchers’ alertness to the economic 
implications of their research is the necessary condition for knowledge-
based economic growth, while the existence of mechanisms to realize 
these implications is the suffi cient condition. However, these possibilities 
are immanent and require nurturance, mentoring, and incubation to be 
realized; otherwise they remain merely potentials.

Incubation and the entrepreneurial university

As the academic entrepreneurial paradigm takes hold, interface capabili-
ties spread throughout the university. Within academic departments and 
centers, faculty members and other technical personnel may be assigned 
special responsibility to assess the commercial salience of research fi ndings 
and encourage interaction with external partners. For example, a faculty 
member in the Columbia University Medical School divides her time be-
tween traditional academic and technology transfer responsibilities. The 
incubation process can also have a positive effect back on research and 
teaching at the university. The incubator at the State University of New 
York at Albany enhances the research capabilities of the university by incu-
bating new research centers and fi rms. Firms in the incubator collaborate
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with professors from the university and with laboratories from the state 
government. New research projects and new joint research centers have 
been organized through these collaborations.

There is no longer an assumption of a starting point of research and an 
end point of the economy or a single source of fi rm- formation. Incubator 
fi rms at various stages of technology push and market pull move further 
along the fi rm- formation trajectory from different starting points. The 
aggregation of a group of new enterprises from various sources at a single 
site also simplifi es the search process for investors seeking projects. In-
vestments can be made at the point of admission into the incubator, at the 
mid-point of their residence, and after graduation, in a three- tiered pro-
cess. After additional review of the companies, funds can be invested in 
the best fi rms to assist their growth and movement out of the  incubator.

Networked incubation

The incubator, traditionally considered an individual entity connected 
to a particular fi rm or university, may be reconceptualized as a broader 
model for “networked incubation.” Networking was always part of the 
format of the incubator, seeking synergies among its fi rms, and an im-
portant task of the incubator director, seeking external resources to assist 
fi rms.

Networking can be enhanced by extending networked incubation from 
individual fi rms to incubators and from individual networked incubators 
to networks of incubators. It is useful to categorize incubators according 
to their networking dynamics:

• intra-networking, or operating through internal networks among 
fi rms within  incubators;

• inter- networking, or operating through external networks among in-
cubators and among fi rms from different incubators; and

• extra-networking, or operating through the formation of new org-
anizations in incubators from heterogeneous entities.

In the case of the latter two types, it is also instructive to view these net-
working formats in relation to the research intensity of the particular aca-
demic institution and level of available resources in the region.

Private incubator: intra- networking

The private incubator typically starts from a single business idea, some-
thing of a departure from the classic university incubator, which theor-
etically is open to ideas for fi rms from all parts of the university. In the 
private incubator, the overall business concept is apportioned among 
constituent fi rms, which at a very early stage start doing business with 
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each other. The fi rms are expected to complement, and give contracts to, 
one another. For example, in Internet businesses, a fi rm with expertise in 
graphics might provide that service to other fi rms.

Brazilian incubator movement: inter- networking

Since the introduction of the incubator concept in the mid- 1980s, incu-
bators have developed rapidly in Brazil, gaining support not only from 
universities, their original sponsors, but also from government at federal, 
state, and local levels and from industry associations. In federal and state 
universities with a strong “public” tradition, there was initially consid-
erable resistance to incubators among many faculty members on the 
grounds that they represented the “privatization of the university.” In-
stead of building new facilities immediately, early Brazilian incubators, 
such as the one at the Federal University of Rio de Janeiro, developed 
fi rms in temporary space, incubating themselves. When the director of 
the incubator, Mauricio Guedes, gained construction funds from the mu-
nicipality, the issue of offi cial university approval was brought to a head.

Resistance to the university mentoring private businesses did not halt 
the introduction of incubation but instead inspired a creative transforma-
tion of the incubator concept to fulfi ll the university’s public mission in 
nontraditional ways. To create jobs, “people’s cooperatives” were formed 
by the Graduate School of Engineering (COPPE) of the Federal Univer-
sity of Rio de Janeiro. The university invited low- income people from 
neighboring favelas for training, shaping them into a group cooperative 
to perform services and then sending them out into the world as an org-
anization. The cooperative incubators were seen as successful and were 
extended through a national program to other parts of Brazil.

Other levels of government—state and local—also became involved. 
For example, municipalities took notice of the innovation and supported 
the growth of incubators by providing fi nancing and other help. Incuba-
tors were started not only by universities but together with municipalities, 
and not only in the cities that had universities but in other municipalities 
as well. An incubator movement arose through these various sources of 
support. Several permutations of the university business incubator have 
been created, such as the “hotel for fi rms,” a pre- incubation space for the 
fi rm- founder to hone their concept, fi nd partners, and raise funds. The 
Brazilian national government, which from the 1970s had put most of its 
S & T resources into large projects, began to redirect its efforts, especially 
in an era of reduced funds, to assist incubator development.

Networking among incubators, and among fi rms from different Bra-
zilian incubators, occurred extensively. For example, at the incubator 
in the Federal University of Fluminense (UFF) a fi rm developing educa-
tional software for schools was based on a software platform from a fi rm 
in another incubator. A network of experienced directors mentored the 
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director, who had come to the job from the university library. The Rio de 
Janeiro network meets on a monthly basis to discuss common issues. The 
national meetings of ANPROTEC bring academic analysts of incubation 
together with incubator directors and personnel, providing an ongoing 
feedback of research to the incubation process, sponsored by the asso-
ciation itself, as well as by Brazilian research agencies. Networking helps 
explain the rapid growth of the incubator movement, especially to uni-
versities and municipalities with less than optimum resources.

Albany model: extra- networking

The extra- networked incubator, exemplifi ed by the Albany model, brings 
together heterogeneous elements from various sources to create new 
hybrid organizations. The university at Albany lacked a suffi cient research 
base to systematically develop new technology fi rms, the traditional incu-
bator function. To generate critical mass, the incubator director invited 
local high- tech start- ups, R & D units of larger fi rms, laboratories of the 
state government, and research groups from the university into the in-
cubator. The objective of locating these various groups together was to 
develop proposals to attract signifi cant research funds from the state and 
federal governments. Individually, each entity would not be credible in 
making a large proposal; jointly they were. Thus the Albany incubator 
became an incubator of research centers.

Frederick Terman built Stanford into a research powerhouse after 
World War II by concentrating on “steeples of excellence,” or selected 
areas of faculty expertise.8 He held that it took a generation to achieve 
academic distinction in a fi eld. Thus the emerging role of the Albany in-
cubator was intended to be that of “research accelerator” to speed up 
the academic development process. A university offi cial stated the prob-
lem, in a personal interview, as follows: “We don’t have the resources of 
a major research university; we aspire to be a major research university 
so we are looking at non- traditional paths to get to that goal.” Several 
centers were organized along the themes of the Albany incubators, one 
in biotechnology and a second in the areas of micro- electronics, semicon-
ductors, computers, software, and atmospherics.

Organizational technology transfer

The incubator has primarily been seen as a stand- alone entity, yet net-
worked in its region, a member of an association in its country or even 
linked through associations cross- nationally. But what about the fi rms in 
the incubator; how can they be linked globally? How can they be intro-
duced to each other? The need for international linkage was expressed in 
visits to incubators such as Symbion in Copenhagen, where there were 
software fi rms interested in identifying customers for their products in 
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New York City multimedia fi rms. SOFTEC, a Brazilian government 
agency, has established offi ces in several US cities to play an introduc-
tory linking role for software start- ups and growth fi rms.9 Such efforts, 
to date, are typically occasional and bilateral rather than systematic and 
multilateral, although SOFTEC points the way to a more systematic 
format.

New small technology- based fi rms typically face a problem of lack of 
market representation abroad. An incubator at the National Technologi-
cal University in Norway has addressed this issue by stationing a repre-
sentative at an incubator in Palo Alto. Nevertheless, this is a relatively 
unique solution which solves the problem only on a single point- to-point
axis. Various mechanisms exist for transferring “hard” technologies; the 
transfer of “soft” organizational technologies is happenstance. Some-
times it occurs through professional tourism as visitors of various nation-
alities took the Stanford science park model or the RPI incubator model 
back to their own countries.

The state of the art of incubator fi rm interaction is characterized by 
individual bilateral cooperation informally supported by associations of 
incubators and their directors. Collaborations come about because some-
one knows someone else in a particular place and is able to establish that 
link through a personal relationship. Attending the US National Business 
Incubation Association (NBIA) or similar conferences can help establish 
that connection.10 However, if an entrepreneur does not have the oppor-
tunity to attend incubator meetings in other countries, or does not have 
international ties through family or personal networks, the process re-
quires some assistance.

A World Innovation Network

Incubators typically lack the ability to assist their fi rms to reach partners 
and markets in other countries. This is especially a problem in developing 
countries and small nations. A mechanism is required to systematically 
organize incubator networking across regions and countries. The concept 
for a World Innovation Network (WIN) is to do for incubator fi rms what 
an incubator does for its fi rms—provide a support structure to enable 
them to extend their activities into a broader arena and thereby enhance 
their chances of success. A small staff would coordinate and facilitate in-
troductions and collaborations among its members. For example, an in-
cubator fi rm in one country might need a partner to assist in developing 
its product or might wish to locate a sales representative at an incuba-
tor in another country. At present such arrangements typically happen by 
chance.

International technology transfer is primarily accomplished in three 
ways at present:
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1  internally within the multinational corporation that has the ability to 
transfer a technology created in one of its units to others around the 
world;

2  as a negotiation between two discrete organizations from different 
countries, one a sender and the other a receiver of the technology, 
who may meet at a trade show or similar venue; and

3  via intermediaries, for example a university technology transfer 
offi ce, like the one at Boston University that identifi ed a market for an 
invention of one of its professors in a biotechnology fi rm that was a 
member of the Medicon Valley regional organization in  Scandinavia.

There are also technology transfer fi rms, specialized for the purpose, but 
they primarily operate as listing services on the Internet, on behalf of uni-
versities, or as search services on behalf of large corporations.

What is missing from this picture is an organization that has the capa-
bilities to collect and catalog information about the technologies avail-
able in incubator fi rms worldwide. Such an organization should also have 
the capability to take the initiative, to identify cooperation opportuni-
ties and potential partnerships, as well as to respond to requests for as-
sistance from fi rms. The multinational corporation, the strong model of 
international business connections, provides a clue as to how to fi ll this 
gap. Presently, there are only informal and loose connections at the inter-
national level. However, if we look at the Brazilian networked incubator 
model, there is an emergent organizational linkage model already implicit 
in the incubator movement.11

A broader framework for international networking can be derived 
from the model of Brazilian incubators as members of networks, sharing 
projects among fi rms from different incubators. This model of network-
ing incubators and incubator fi rms should be raised from the national 
to the international level. What is needed is a very small organization to 
operate an introduction or “dating service” taking the information about 
what is going on in fi rms in different incubators around the world, not in 
every fi rm and not in every incubator, but in those with fi rms that have 
technologies with international potential. Those are the ones to focus 
upon.

A more systematic way to network start- up fi rms, internationally, is 
needed. The incubator has traditionally been a support structure for the 
creation of fi rms; other mechanisms have been created and applied to link-
age problems. For example, the technology transfer offi ce is as a search 
mechanism, on the one hand, looking within the university for research 
with the potential to be commercialized and, on the other hand, looking 
for a market externally. An organizational capability, similar to that of 
a technology transfer offi ce, should be introduced into the empty space 
between incubators to link their fi rms. It requires persons knowledgeable 
in both technology fi elds and incubator networks to make introductions. 
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Such pro- active and conversant staff members would then follow up to 
address issues in the emerging relationship. This process will build trust 
and cohesion in the incubator world.

Incubator cooperation can also be enhanced through social technolo-
gies such as video- conferencing and “dating-service” software, as well 
as through data- mining formats that can be creatively applied to this 
problem. There is a need to think in terms of upgrading the network-
ing capacities and common services of incubators. Traditionally, phone-
answering and fax machines were the common services offered. The 
Internet has moved us from thinking of the computer as a stand- alone
entity. We now think of the Internet as a linking mechanism among com-
puters and people. We should also be thinking of how to create new 
kinds of linking mechanisms for fi rms in different incubators. In the past, 
common incubator services meant shared capabilities within an individ-
ual incubator facility; the future selling point of common incubator serv-
ices will be the ability to bridge different incubators internationally.

The future incubator will not be an individual entity but an integral 
part of networks of expertise and capitals, fi nancial, social, and intellec-
tual. Bringing together leadership of the various national incubator as-
sociations to exchange ideas is a worthy objective but the long- term goal 
should be to encourage fi rms from different incubators to collaborate 
on mutual projects such as marketing agreements, moving their prod-
ucts from one country to another. The long- term objective of the incuba-
tor movement is, after all, the creation of new fi rms with products that 
have an international reach. An organization is required to accomplish 
this networking agenda that represents both an innovation approach and 
business opportunity. The project could be supported by the national in-
cubator associations as part of their international collaboration and they 
should ideally participate as stakeholders as well.

The incubator of incubators

Networking can also systematize the process of organizing incubators by 
formalizing the Brazilian model in which an older incubator facility at a 
large university serves as an informal hub, mentoring and benchmarking 
newer incubators at smaller universities. A model incubator or “incuba-
tor of incubators” may be established as the central node of a network of 
incubators and as a training facility for future incubator directors. This 
concept brings together the organizational training of students in Swedish 
entrepreneurship programs with the networking of incubators in Brazil 
into an entity explicitly designed as an educational facility to train incu-
bator directors and fi rm- founders in fi rm- formation and networking.

The “incubator of incubators” concept for a model training facility 
and linkage node is especially useful to begin the incubation process in 
a region or country, such as Honduras, lacking incubators until quite 
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recently. Such a facility could send out trained people from the “mother”
or hub incubator to staff “daughter” incubators. For example, from an 
initial site in San Pedro Sula, incubators could be replicated in other cities 
and towns in Honduras as part of a network to promote technology 
transfer and diffusion of new business models. The Polytechnico Milan 
has recently adopted this model to link incubators at its satellite cam-
puses in the Lombardy region to the main campus in Milan.

Principles of incubation

Incubation is also part of a general model for the management of knowl-
edge and technology in regional development. Science- based economic 
development efforts typically utilize a series of organizational innova-
tions such as science parks and research centers as well as the incubator. 
The principles of incubation are thus broader than the particular organi-
zational format of the incubator and can be expressed in the following 
propositions:

•  The development of science and technology is increasingly embedded 
in the triadic relationship of university, industry, and  government.

•  Institutions in each sector (academy, government, and industry) play 
hybridized roles that move them away from classical understandings 
of the sector, for instance entrepreneurial academics, academic indus-
trialists, and business strategy in government.

•  Incubators are organizations that internalize the triadic relationship 
and encourage and provide a home for these hybridized roles.

•  Networking at various levels, among incubator fi rms, incubators, and 
institutional spheres, has the potential to enhance the rate of innova-
tion and inventive activity, both technological and  organizational.

•  High- tech innovation is universalized as developing countries with 
the ability to develop human capital in niche areas are able to trans-
late these competencies into internationally competitive technologies 
and fi rms.

•  University entrepreneurship programs and incubator facilities have 
the potential to turn technology transfer from a linear north–south
fl ow into an interactive  process.

These elements are present to various degrees in any incubator program. 
The incubator is a fl exible model that can be creatively adapted to the 
needs of countries and regions at different levels of technology and busi-
ness development. Incubation may be formulated as a set of norms (a) 
and counter- norms (b):

1a  A selection process for admission to the incubator encourages entre-
preneurs to formulate their business ideas carefully for evaluation by 
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committees of business and technical experts. The application and 
decision-making process by which new enterprises are accepted into 
the incubator is important in identifying fi rms with potential for 
growth and other relevant criteria of success.

1b  On the other hand, some incubators operate according to the prin-
ciple that “the entrepreneur knows best.” If the business concept 
sounds sensible, if space is available, and if they can afford to pay the 
rent, admission is granted.

2a  Firms are located in a common venue so that entrepreneurs can in-
teract, learn from each other informally, and possibly establish 
collaborations.

2b  Virtual incubators may host meetings to encourage “learning”
among fi rms, and clubs of graduated fi rms may be organized to con-
tinue this process once fi rms have left the  incubator.

3a  An experienced entrepreneur as director can mentor the founders of 
new fi rms. Ideally, the director should be familiar with the business, 
fi nancial, labor, and technical communities in a region and be able to 
link fi rm- founders with external resources.

3b  It is not unusual, however, for incubator directors to be drawn from 
the ranks of university staff, having to learn on the job and, if fortu-
nate, being mentored by experienced incubator directors from other 
universities.

4a  Experts in business and technology may be available as staff mem-
bers to assist entrepreneurs in developing their fi rm to be more suc-
cessful than they could by themselves. Some incubators have such 
persons on the permanent staff, working intensively with fi rms.

4b  Other incubator facilities may bring experts in as consultants, on an 
occasional basis, to assist fi rms with specifi c  projects.

Conclusion: from the teaching laboratory to the 
teaching incubator

The incubator has evolved into a multifaceted entity for entrepreneurial 
education and innovation, with a broader purpose than developing fi rms 
from academic research. This development is based on the following:

1  the embedding of an incubator in the research or teaching mission of 
the university, or both;

2  the dependence of an incubator solely upon its own university or on 
a network across academia, industry, and government, at various 
levels; and

3  the relative presence or absence of incubation support services, in-
cluding public and private start- up fi nancing, in the region.
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Entrepreneurial education should be conceptualized more broadly, not 
just as training for the engineering or the business student to encourage 
them to work together in the future, but as something that is appropri-
ate for every student in the university. This is a model of education that 
is begin ning to appear in Brazil and it has the potential to spread much 
more broadly. Education based on the incubator model can be devel-
oped for various groups of students throughout the university. Gustavo 
Cadena, the director of the incubator at the National Autonomous Uni-
versity of Mexico (UNAM), developed the idea of using the incubator as 
a training facility, to bring together engineering and business students. 
Instead of the different streams of students being educated separately, 
they would also have some common courses on entrepreneurship in a 
classroom at the incubator. Furthermore, there was the opportunity to 
work in incubator fi rms so that they might think in the future of starting 
new fi rms  themselves.

Incubator evaluation should take into account regional resources and 
the incubator’s ability to utilize them. Whether it makes sense for an incu-
bator to develop its own services largely depends upon whether these serv-
ices are already available in the region. A region that is rich in requis ites
such as venture capital may not have to develop them in direct  association
with the incubator. On the other hand, a region that is lacking such tools 
may fi nd it necessary to combine them with the incubator project. The 
university at Stony Brook developed a series of initiatives, such as visits 
by lawyers and accountants, to compensate for its “greenfi eld” site on the 
outer edge of suburbia. On the other hand, the university at Albany saw 
no need for such measures since relevant services were readily available 
in the Capitol region and it made more sense for the incubator director to 
network his fi rms than to internalize  services.

The incubation process may be viewed as a matrix, with some slots 
more or less fi lled and various gaps left open in different countries and 
regions. Incubator fi rms in most countries typically face the problem of 
lack of access to seed venture capital on reasonable terms. FINEP, the 
Brazilian national development agency, has launched INNOVA, a pro-
gram to create funds to fi ll this gap, while Israel provides a grant of funds 
upon admission to its MAGNET incubator program. In Denmark, there 
is a fund to invest in incubator fi rms. In any case, the most productive 
incubation format will comprise various elements. The university is also 
a natural incubator that sometimes plays an informal entrepreneurial role 
in the incubation of companies.

The future trajectory of the incubator as an innovation mechanism 
can be predicted, in part, by reviewing the development of the teaching 
laboratory and its movement from the periphery to the center of the uni-
versity. The teaching laboratory was invented in the mid- 19th century as 
a method to train students in doing research at the University of Giessen 
in Germany. Professor Justus Liebig organized the laboratory in a former 
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army barracks, a shed at the outskirts of the university. Today, we would 
not think of having a university science building without classrooms and 
laboratory integrated in the same structure. However, the incubator is 
still often at the outskirts of the university. In future university buildings, 
an incubator will be integrated into each department and research center.
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8 Reinventing venture capital

Introduction

Venture capital, in its original conception as an engine of regional re-
newal, is much more than a fi nancial investment mechanism. Linking 
the fi nancial, academic, and public spheres, venture capital originated as 
funds and other assistance for the early stages of fi rm- formation in ex-
change for a share of ownership or equity in the new fi rm. It was part of 
a strategy for science- based regional economic development based upon 
academic research capacities and a range of university–industry inter-
actions at MIT. This strategy built upon and extended this base, creating 
a new organization combining academic analytical and business develop-
ment capabilities.

The original objective of venture capital was the creation of new jobs 
and economic opportunities, not super- profi ts. The original venture capi-
tal fi rm American Research and Development (ARD), having relatively 
small amounts of funds to invest, was well suited to dealing with start-
ups that require relatively small investments at the initial stages of their 
development. As the industry grew, the venture fi rm outgrew its original 
purpose due to its success in attracting funds. As their fi nancial resources 
increase, venture capital fi rms tend to focus on the later stages of fi rm-
formation and growth as well as merger and acquisition activities among 
existing fi rms. Moreover, since venture capital fi rms typically believe that 
they can function most effectively as a small group of partners and associ-
ates, the trend toward large investments in later- stage situations is accel-
erated. The number of investments cannot increase signifi cantly since the 
careful examination required before undertaking an investment remains 
the same, whether it is a large or small amount of funds.

An early- stage investment gap opened up as venture capital became 
similar to traditional fi nancial institutions. As fi rm- formation once again 
becomes the lead item on the innovation agenda, the problem of pro-
viding seed capital reappears, especially in periods of economic reces-
sion when it is scarcest. Venture capital needs to be reinvented to operate 



in the downturn as well as the upturn of the business cycle and at the 
earliest as well as the later stages of fi rm- formation and growth.

Venture capital

Venture capital professionalizes the search and selection process through 
an evaluation of the proto- fi rms’ technology, management, and market 
prospects. After investing, the venture fi rm further seeks to increase the 
fi rm’s chances of success by providing advice and assistance. As opposed 
to a “holding company” that might seek to retain ownership in a group 
of companies, the venture capital model also presumes an exit strategy, 
a clear idea for sale of the investment, privately or publicly, within a rea-
sonable time period. What constitutes a reasonable period may be at 
issue. A fi rm may be sold to a multinational for a quick but certain profi t, 
where it may stagnate or even be suppressed in a change of business stra-
tegy, before it has the chance to achieve high growth  independently.

New technologies, such as electricity in the late 19th century, elec-
tronics and computers in the mid- 20th century, and nano- technology at 
present, open up a potential for innovation. The ability to focus capital 
on the process of innovation is often missing. The venture capital model 
introduced early- stage risky investing, with safeguards, to a broader con-
stituency of universities, investment banks and pension funds, tradition-
ally oriented to low- risk investing. Heretofore, only an extremely wealthy 
individual or family could provide some of the elements of the venture 
capital model but even the Whitney and Rockefeller families soon chose 
to operate through professional venture capital entities.

The specifi c objective of venture capital is to reduce risk and increase 
returns on investments in new technologies by compressing time frames 
for fi rm- formation. The broader objective is to foster the realization of a 
business concept through the establishment of a new organization that 
has the ability to focus on a particular project. A variety of initiatives are 
encouraged, with a relatively modest level of funding at the early stages, 
in order to determine which are worth selecting for greater support. Since 
capital is spread over a variety of projects, a higher level of risk can be 
justifi ed in each investment than if a single project had to be chosen at the 
outset.

Venture capital increases the likelihood for success of risky ventures by 
restructuring the relation between risk and reward in high- risk investing. 
From the perspective of this high- growth/high-risk regime, modestly suc-
cessful ventures are considered relative failures. Nevertheless, this judg-
ment may be tempered by time. For example, Ionics, a fi rm developing 
water purifi cation technology that was one of ARD’s early investments in 
the late 1940s, was viewed by some contemporary observers as a so- called
“living dead” that lacked growth potential. It was said that the fi rm was 
supported by the head of ARD for personal reasons. Nevertheless, over 
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the course of a half century, Ionics became a major company, a member 
of the Fortune 500, until it was recently acquired by General Electric.

Private venture capital focuses on fi nancial returns. Regional devel-
opment has become a side effect of venture fi rms’ comfort with having 
their investment objects close at hand for personal inspection. Rather 
than aggressively seeking early- stage technology investments by visiting 
campus laboratories, most fi rms expect to be approached by people seek-
ing funds. Following the lead of a few highly successful fi rms has become 
a strategy for other fi rms. Private venture capital tends to focus on a very 
few “hot” fi elds at a time and tends to fund a larger number of follower 
fi rms than the area can reasonably sustain. Thus to attain funding, a pro-
spective fi rm has to promise higher gains faster. This leads to increased 
spending to gain market share in the hope of driving out competitors.
Such a strategy may place a fi rm at risk of its existence, or at least subject 
to sharp cuts, if it is not soon realized.

Dilemmas of “scale” and “scope” in 
private venture capital

Although venture capital views itself as acting at the cusp of innovation, 
the private venture industry is typically a second rather than a fi rst mover. 
The personal computer and the Internet both had a signifi cant prehistory 
before they drew the attention of the venture community. Biotechnology 
is a notable exception, drawing investments shortly after the fi rst practi-
cal method of splicing genes was achieved. In any event, most venture 
capital investments go into technology areas once they are validated and 
tend to stay within the bounds of a few areas until the next breakthrough 
category is created. Nanotechnology is currently making the transition to 
an accepted category of investment.

The contemporary private venture capital fi rm occupies an extremely 
favorable position. It has access to a variety of capital sources such as 
pension funds, universities, and well- to-do individuals. Moreover, a vir-
tually endless number of individuals with ideas for fi rms and fi rms at 
various stages of development seek its attention. Publicity about ARD’s
founding resulted in a large number of proposals submitted and entered 
into the fi rm’s logbook, many more than could be seriously considered. 
Stratagems to meet a venture capitalist and give a quick explanation of 
a business plan are devised to overcome the reality that there are very 
many more fi rm- formation projects than venture capital fi rms can con-
sider, much less fund. Indeed, it is estimated that only one of a thousand 
projects submitted actually leads to an investment.

The point at which private venture capital enters a technological tra-
jectory is also an issue. Although new technology creates new needs and 
opportunities, these may not be immediately perceived, especially if an 
older related technology is already in place. Given the existence of the 
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large-scale mainframe computer, ARD was not certain of the market for 
the new smaller- scale minicomputer. Therefore ARD, as their venture 
capital fi rm, advised Digital Equipment Corporation (DEC) to produce 
circuit boards as its initial product since the need for a new type of com-
puter was not yet clear. Although the delay did not affect DEC’s success, 
it is indicative of the conditional conservatism of venture capital.

The Internet bubble of the late 1990s brought to light additional prob-
lems in the functioning of a private venture capital industry where invest-
ments were often made in superfl uous fi rms. Many Internet fi rms were 
based on imitative business concepts due to easy availability of capital. 
Their hope of gaining market share was through large expenditures on 
advertising and staff salaries. This strategy left fi rms vulnerable to decline 
when business conditions changed for the worse. A herd effect wastes 
money since not only the three best candidates are funded but the fourth 
and fi fth, with many new fi rms’ minor variations representing little or 
no technological advance. The venture model’s dark side was highlighted 
when venture capitalists attempted exits in 18 months or less, eschewing 
longer- term investments.

Public venture capital fi rms

The private venture capital fi rm, operating under a favorable legal and 
tax structure, generates an impressive amount of capital but must deliver 
the highest possible return to meet the fi nancial goals of its managers and 
institutional sponsors. These strictures limit its ability to act at the early 
seed stages or in the downturn of the business cycle. A variety of public 
venture entities has been created in recent years to solve lack of early-
stage funding, as well as to extend the venture capital format to regions 
where it has not been available. Nevertheless, it is argued that a norma-
tive bias in favor of private venture capital is justifi ed on the grounds 
that expert knowledge in selecting investment opportunities in the pri-
vate sector is superior to expert knowledge resident in the public sector. 
Sometimes, this is more simply stated as the inability of government to 
pick winners.1 However, a closer examination of the modus operandi of 
government technology agencies suggests that they may be less subject 
to some of the fl aws of the private venture industry such as downstream 
drift and the herd effect.

Several US federal and state government programs provide funds for 
fi rm- formation, despite relative lack of awareness of the existence of 
public venture capital. At the federal level, distribution of public funds 
to early- stage and small fi rms typically obeys the format of a basic re-
search grant, slightly modifi ed to include commercialization potential. 
The federal government has also played a role in guaranteeing funds of 
venture capital entities, a measure that helped expand the industry in its 
early years.2 State government programs usually operate closer to the 

Reinventing venture capital  125



private venture model, making an investment in exchange for a share in 
ownership. In countries where an extensive role of the state in industry is 
well accepted, there is little, if any, difference between public and private 
venture capital in so far as the stage in the fi rm- formation process when 
an investment may be made or the terms on which it is made. In other 
countries, where a signifi cant, but less extensive, role for government is 
acceptable, public funding is seen as a transitional stage and disappears 
once a private venture capital industry is established. In still other coun-
tries, where a role for the state in industry is not well accepted, public 
venture capital is a veiled process.

The role of the state in society infl uences the nature of venture capital, 
irrespective of whether the source of funding is public or private. The role 
of government in the founding of the US venture capital industry was 
largely limited to changes in the rules to allow pension funds to invest a 
small proportion of their monies in a more risky way. However, once the 
industry showed signs of success, government encouraged the develop-
ment of venture- capital-like entities by traditional banks. In “high-state”
societies, where a strong role for government is legitimate, especially in 
relation to industry, public venture capital operates openly. If the role of 
the state is so strong as to preclude a separate industrial sphere, as in 
a centrally planned economy, the concept of venture capital as an inde-
pendent organizational entity is superfl uous. By contrast, in “low-state”
societies, skeptical of government, public venture capital is often hidden 
behind other formats for government support, such as research grants, 
and may not be perceived as venture capital. Under “low-state” condi-
tions, government ownership of fi rms in exchange for funds is not al-
lowed and seed capital funding is carried out in other guises.

Public venture capital in “high-state” societies

In countries with traditions of strong industrial policy, such as Sweden, 
Israel, and Brazil, venture industries were fostered by direct govern-
ment intervention. After failing to establish a venture industry through
government-run venture funds, Israeli policymakers decided to combine 
public and private elements. There were two levels: a fi rst- level government-
established fund, Yozma, seeded subsidiary funds and attracted private 
coinvestors to a second level of so- called “drop-down” funds, making the 
actual venture investments. Government encouraged private capital to 
invest in the second level of venture capital entities by coinvesting funds 
to reduce the perception of risk. When the new funds were successful and 
private capital was confi dent enough to act on its own, government was 
able to withdraw from the industry. The Brazilian National Development 
Agency (FINEP) established a similar process, with the additional compo-
nent of a competition to select fi rms to make presentations of their pro-
jects at “venture forums” in different parts of the country. These meetings 
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include a preparatory training program to teach entrepreneurs such skills 
as writing a business plan and negotiating for investment.3

It is often assumed that an organizational mechanism can be trans-
ferred from one society to another, without taking culture into account. 
Some of the frustration felt by senders and receivers could be relieved 
by understanding that organizations and institutions of the same name 
may play different roles in various societies. For example, an Israeli ven-
ture capitalist presumed that his country’s Yozma venture model could 
simply be transferred to Italy but his Italian colleagues believed that a 
more convoluted approach was required to make a version of the model 
fi t into the Italian public fi nance system and not be rejected as a foreign 
antibody.4 Nevertheless, additional elements are indicated, such as the 
incubator network under construction at Milan Polytechnic and its out-
reach campuses, as well as the encouragement of patenting inventions 
made at universities.5 The venture format is part of a broader economic 
and social development strategy, comprising institutional, cultural, and 
organizational elements.

Given a tradition of government playing an active role in industrial de-
velopment, public venture capital in Sweden is organized similarly to pri-
vate venture capital, with a share in ownership taken in exchange for an 
investment. The venture capital model has also been extended to research 
through the establishment of a series of foundations to promote innova-
tion. These new entities were begun by redirecting the “Wage- Earners’
Fund,” created by a tax intended to allow government to purchase stock 
and own the country’s major corporations. The Strategic Foundation 
plays some of the role of the National Institute of Health (NIH) and NSF, 
supporting both the very early stages of commercialization and the col-
lectivization of research in larger- scale research entities such as centers. 
Elements of the venture model have also been adapted by the Swedish 
Knowledge Competency Foundation, which utilizes a “due-diligence”
approach to negotiate and monitor projects. Sweden also pioneered the 
role of foundations as quasi- public venture capital entities.

Public venture capital in a “low-state” society

Public venture capital is driven underground in the US, where it is con-
sidered to be illegitimate for the federal government to be involved in 
industrial development. There is a single notable exception to this rule, 
a CIA- sponsored venture capital organization that takes equity. InQ-
tel’s founding was justifi ed by the necessity to establish a familiar format 
to help the agency gain access to technology from high- tech start- ups.6

Public venture capital has had low visibility; indeed the concept often 
lacks legitimacy. In 1997 the New York Software Industry Association 
sponsored two sessions on venture funding at its annual meeting; the pri-
vate venture capital session attracted more than 200 participants; the one 
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on government programs just fi ve persons. At the 2002 meeting the dis-
tribution between the sessions was more equal, a likely effect of the col-
lapse of the stock market bubble.

US public venture capital comprises various government programs, at 
the federal, state, and local levels, which provide funds to entrepreneurs 
and innovative fi rms to help them realize economic gain from scientifi c 
and technological advance. The federal sponsors of public venture cap-
ital expect to realize returns for society, in the long term, through the
“spillovers” and other benefi ts, such as tax returns, that may be gener-
ated. However, a newly proposed amendment to the NIH Appropriations 
Act requests the agency to consider a more direct return. State government
S & T programs, on the other hand, operate closer to the private venture 
capital model, both in time frame and in the making of investment deci-
sions, and have more direct responsibility for creating jobs. For example, 
the Connecticut Innovation Agency takes equity and expects a private 
venture fi rm to coinvest, while the State of Texas offers a program of 
grants to fi rms at various stages of development to support applied re-
search and technology transfer.

Public and private venture capitals are complementary, with govern-
ment playing the role of seeding the private venture capital industry with 
future investment opportunities. Public venture capital shifts the endless-
frontier model of a self- propelling dynamic of scientifi c and technological 
advance to a more interventionist approach, following a basic research 
funding model where the idea is to support something that is new and 
risky by defi nition. The technological areas of interest to government are 
broader, and often at an earlier stage of development, than ones that pri-
vate venture capital is willing to consider.7 In private venture capital the 
focus has too often shifted to incremental innovation, a new wrinkle on a 
proven business idea, accompanied by an experienced management team. 
By contrast, public venture capital, following the grant model of basic 
research, is able to assume a higher level of business risk and thus has a 
greater potential to promote discontinuous innovation.

Government programs, such as ATP and SBIR, review proposals on 
both technology and business criteria.8 They typically utilize internal gov-
ernment experts for the technology review and retired industry specialists 
for the business review. Indeed, public venture capital may be more heav-
ily weighted to the technical side in reviews, which paradoxically allows it 
to take more business risk on early- stage long- term technologies than can 
a private fi rm focused on the fi nancial side. Thus the prohibition against 
government making profi ts from assisting new fi rm- formation may make 
these programs more effective by encouraging greater risk- taking. Cer-
tainly, the SBIR and ATP programs accomplish the purpose intended by 
the founders of ARD in the early postwar period, the initiation of a high-
tech fi rm- formation dynamic from academic research.9

When the private venture capital industry is strong, technology entre-
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preneurs focus virtually all of their fund- raising attention on this source 
even though the success rate is much less than 1 percent. The success rate 
for gaining public venture capital in the US is approximately 15 percent. 
Half of US private venture capital was projected to disappear in the wake 
of the failure of Internet fi rms, in which much of it was heavily invested.10

Even with such a precipitous decline the industry will still be larger than 
it was in 1996. In any event, public venture capital will continue to grow 
at the federal level as a function of public research funding. While pri-
vate venture capital recedes, with downturns in the business cycle, federal 
public venture capital is stable since federal government appropriations 
are relatively impervious to economic downturns or, following Keynes, 
may even increase in the wake of recession or depression. State venture 
capital is subject to the business cycle since US states are required to 
maintain balanced budgets, even in the downturn.

Venture formats have also been invented to supply capital to support 
business concepts that do not meet contemporary venture capital re-
quirements for investment to be considered of potential to achieve extra-
ordinary profi ts. Business opportunities that fi ll important social needs in 
a community also require venture funding, even though they may make 
only modest profi ts. Utilizing the venture capital model of spreading risk 
among a variety of investments to meet social needs marks a return to the 
original purpose of supporting regional economic and social development 
that the venture industry was created to achieve.

A typology of venture capital

Various organizations and individuals have become involved in venture 
capital in recent years, making it available in fi elds that the private ven-
ture capital sector had departed, such as the very early stage, or where it 
had never existed, for example, in poorer regions. Operating from differ-
ent criteria, and with various objectives, they have fi lled gaps and created 
new venture capital niches. As the early- stage venture capital gap is fi lled 
by the very organizations that produce the technology that becomes the 
basis for new fi rms, so universities, corporations, and public research in-
stitutes become venture capitalists. Venture capital was invented, in part, 
to play an intermediary role between universities, industry, and govern-
ment. As the boundaries between the institutional spheres decline, the 
need for formal intermediary organizations may decrease. At the very 
least, organizations that previously relied on intermediaries believe that 
they can undertake some of these tasks themselves in subsidiary units.

University venture capital

A growing number of universities are forming venture capital arms, seek-
ing a balance between transferring technological innovations produced 
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within the university to existing fi rms, on the one hand, and spinning 
them out, on the other. These new fi rms are often led or assisted by fac-
ulty members and students, some of whom may become full- time mem-
bers of the fi rm.11 The organization that originates the technology thus 
has a better opportunity to participate in the value that is created. If tech-
nology transfer or venture capital is undertaken by intermediary organi-
zations, the value created is less likely to return to the original source. 
Thus technology transfer has become an internal academic function 
during the past two decades; venture capital is following the same route.

Although Boston and Columbia universities have attempted to provide 
virtually the entire funding for new ventures, in biotechnology and dis-
tance learning respectively, most universities have pursued a more conserv-
ative strategy of spreading risk among a variety of ventures. Like Baylor 
University Medical School they provide seed funding at the early stage 
where private venture capital is often lacking and seek public and private 
venture capital for the follow- on stages. Baylor also identifi es an entrepre-
neur to work with the academics who have originated the technology.

University venture capital returns to the early venture capital fi rm 
model, pioneered by ARD, of taking the lead in organizing a start- up
company. In the very earliest stages of fi rm- formation, the fi rm and its 
leadership are an extension of the university’s venture capital arm, rather 
than an independent organization, whatever its formal legal status. Uni-
versity and corporate venture capital follow a similar format in hatching 
new companies within their organization. The advantage for the nascent 
fi rm is access to the various facilities and resources of the parent org-
anization, such as meeting rooms, equipment, etc. if a formal incubator 
facility does not exist.

Universities balance between earning royalty income in the short term 
from a technology licensed to an existing fi rm and achieving in the long 
term greater earnings through equity participation in a new fi rm, be-
tween contributing to regional economic development and earning maxi-
mum returns to support academic activities. Universities have the ability 
to take a longer- term perspective and are thus well suited to early- stage
venture capital once they have developed a professional competence that 
has a relatively independent identity. The downside of university venture 
capital is the tendency to overcommit to a pet project of a faculty member 
or senior administrator rather than to pursue a professionally managed 
portfolio of early- stage investments. Of course, fi rms initiated by univer-
sity venture capital arms, which require large follow- on investments, may 
be carried forward in partnership with other sources of private or public 
venture capital.
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Corporate venture capital

Corporations and universities moved into the fi eld as venture capital 
fi rms became successful, aware that they were the source of much of that 
success. Although fi rms and academic institutions contain the nuclei of 
new fi rms that could be spun out, they are often confl icted about how to 
support fi rm- formation. Firms are concerned about maintaining current 
“core competence” versus renewing that competence to insure future vi-
ability. Corporate venture capital seeks to capitalize knowledge that is 
not directly relevant to a fi rm’s core competency. It also seeks to modern-
ize the fi rm by creating business units that may be the basis for the trans-
formation of that competency. Corporate venture capital functions best 
when it works close to areas in which the corporation has competence 
but is also subject to the fi nancial strictures of downturns when compa-
nies tend to reduce nonessential activities.

Can a large corporation, which by defi nition has an established range 
of products and technologies, become a successful venture capitalist, 
either within its traditional business area or outside of it? The evidence 
is mixed but tends toward the negative. Firms have to balance between 
commitment to their existing businesses and the desire to establish new 
business activities within and without the fi rm. Even if the goal is to utilize 
quasi-venture mechanisms to establish new business units within the fi rm, 
there is a possible tension between growing these units through internal 
technology transfer from R & D laboratories to existing business units, on 
the one hand, and establishing new divisions, on the other. The inability to 
resolve some of these tensions explains why some internal corporate ven-
ture capital activities are closed despite apparent fi nancial success.12

Three waves of corporate venturing have been identifi ed in the US 
from the 1960s. In each wave, after initial enthusiasm most fi rms exited 
the industry.13 For example, after investing in 19 internally generated ven-
tures from 1970 to 1981, Exxon left the fi eld after fi nding that none had 
achieved commercial viability. Kodak had a similar experience during the 
1980s during the so- called second wave of corporate venturing. Xerox 
had diffi culty envisioning how to make successful businesses out of new 
technologies, such as the “mouse” and the laser printer, that it had suc-
cessfully generated at its laboratory in Silicon Valley. Apple Computer, 
a new fi rm supported by private venture capital, soon learned about 
these products and took them to market. The contradictory nature of 
corporate venture capital, and the diffi culty of deciding whether spin- off
or spin- on (creating an independent fi rm or using the technology inter-
nally) is the objective, increase the uncertainty of corporate venture units 
within the sponsoring fi rm and may explain their periodic closure and 
reinstatement.

Corporate culture signifi cantly infl uences the success or failure of ven-
turing projects. For example, 3M has had considerable success in encour-
aging employees to develop new business ideas within quasi- independent
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units. The fi rm is known for encouraging employees to develop new 
product ideas and for supporting that development. Developing new 
technologies in emerging fi elds is a specialized competence that needs to 
be embodied in units whose autonomy is protected. The periodic re- entry
of large corporations into the venture fi eld indicates that it is a potentially 
signifi cant element of corporate renewal, like the central R & D labora-
tory. Of course, the venture capital process can be outsourced, with start-
ups acquired as necessary from the venture industry. Since it can be very 
expensive to acquire an existing fi rm, there is a continuing incentive for 
large corporations to create a quasi- start-up process.

Foundation venture capital

Foundation venture capital is at a very early stage and relatively little is 
known about its operation. The Markle Foundation in the US, taking as 
its mission the infusion of technology into primary and secondary edu-
cation, has made several investments in educational- software fi rms that 
could not meet the criteria of the private venture industry for market 
share and returns. The Knowledge Competency Foundation (KK) in 
Sweden has taken similar steps.

Foundation venture capital can activate private venture capital, 
providing a balance wheel for the industry in the downturn as well as 
a benchmark in the upturn. Thus Industrifonden, the publicly funded 
Swedish venture capital fi rm, established as a foundation that is inde-
pendent of government control, solves several venture capital problems. 
For example, Industrifonden’s strategy of spinning off semi- independent
regional funds suggests a way to maintain focus on early- stage investment 
even as the scale of capital under management grows. Industrifonden has 
also helped private venture capital fi rms make follow- on investments that 
they might not otherwise have had the resources or courage to undertake, 
by partnering with them during the downturn.

There is a tendency for venture capital fi rms, as their capital increases, 
to become less involved in investing in the early stages of fi rm- formation.
One obvious cure for this scale dilemma is to divide a larger fund into 
smaller sub- funds, with independent freedom to invest. Industrifonden, 
consisting of eight regional sub- funds, is located between the public and 
private spheres, making it impervious both to short- term market pres-
sures and government intervention to withdraw funds. The director said,

we have no owner . . . we are living our own life . . . during these 20 
years, especially in ’96, the legislation around the Foundation was 
strengthened. We are very much protected from different ambitions. 
We are living a very good life. We are making money, and we are not 
allowed to pay taxes.14
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Sweden’s Industrifonden is a successful experiment in public venture cap-
ital that should be examined for its potential to be replicated elsewhere.

Foundation venture capital serves as a benchmark and as a source of 
additional resources for the private venture capital industry in Sweden, 
which grew greatly in the 1990s but is currently in a period of restructur-
ing. Several private venture fi rms have closed and the others are deciding 
which investment in their portfolio to keep alive, sometimes through co-
investments with Industrifonden. The director of Industrifonden said that 
most staff members have a technical background and are typically “en-
gineers with an academic background; 50 years plus; former presidents 
or other people from high positions [in companies].” The organizations’
cadre of senior staff invests in early- stage technology fi rms at the rate of 
one per week.

Community development venture capital

Private venture capital, with its focus on high- growth fi elds and extra-
ordinary profi ts, has been primarily associated with areas that have signif-
icant knowledge or fi nancial strengths, rather than with rural or low- tech
regions. Nevertheless, the need is felt for capital to support fi rm- formation
in low- growth and slow- growth industries, in poor rural and urban areas, 
and in Native American communities that lack many of the prerequisites 
for the capitalization of knowledge such as an entrepreneurial university 
or a cluster of public research institutes. A community development-
oriented venture industry has been established that funds food distribu-
tion and other sorely lacking enterprises in depressed regions, with joint 
public–private support, including the Community Development Financial 
Institutions Fund (CDFI) of the US Department of the Treasury.15

US Community Development venture capital, with 535 million dollars 
under management in 2002, includes 64 active funds, with 15 in forma-
tion, that pursue exit strategies but are not under pressure to produce 
high returns. Financial and social goals are balanced in making the in-
vestment decision. The objective is to develop a regional infrastructure, 
to create jobs and opportunities at a variety of levels of technology and 
business sophistication.

Angel investors and syndicates

Individual angel investors and angel syndicates have fi lled some of the 
“early-stage” gap opened up by the venture capital transition to later-
stage investments. Individuals who have themselves been successful entre-
preneurs often take this role as an alternative to retirement. Being “in the 
game” is often as important to them as the prospect of fi nancial return, 
although, of course, that is always part of the equation. Such individuals
are typically more willing to invest at the earliest stages and assume a 
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greater risk. Whereas the venture capital fi rms are driven downstream by 
their increasing resources, angels tend to stay upstream where the smaller 
amount of funds that they typically have available can make a difference.

Angels may also become paid or unpaid consultants to fi rms, utiliz-
ing their business and technical expertise, as well as their funds, to assist 
the new venture. There are more potential angels than venture capital 
fi rms and thus the likelihood of an angel investment is higher. However, 
the greater publicity that venture capital fi rms have received means that 
entrepreneurs tend to chase after such fi rms even though their chances of 
receiving an investment are small or almost nonexistent. Indeed, it has 
been noted that many entrepreneurs are not even aware of the independ-
ent angel possibility, as a step beyond family and friends.16

The venture capital cycle

Private venture capital basically follows the business cycle. Funds expand 
in good times and even faster as the growth of a bubble accelerates. Ven-
ture investments in fi rms slightly lag behind the upturn of the cycle but 
then accelerate as “irrational exuberance” takes hold. A frenzied search 
for investment opportunities overcomes the conservatism of the venture 
capital “due-diligence” process in which potential investments are care-
fully researched before funds are committed. When the economy slows in 
recession or the bubble bursts abruptly the rate of venture capital invest-
ing slows or even comes to an abrupt halt. In regions lacking a tradition 
of fi rm- formation, potential investors often view investing in a new fi rm 
as too risky even in the upturn of the business cycle. Introducing public 
venture instruments can counter this negative attitude, reduce risk and 
break the barrier to fi rm- formation.

The venture capital cycle may be conceptualized as follows (SSBGG):

1 Stasis. Potential investors are fearful to commit funds to a new ven-
ture and therefore request such a high proportion of the equity of the 
fi rm that entrepreneurs are unwilling to accept a deal.

2 Shortfall. A nascent venture industry is established but venture fi rms 
are undercapitalized and, while they are able to make initial invest-
ments, lack suffi cient funds to support follow- on rounds.

3 Balance. A venture industry is expanded with fi rms having suffi cient 
funds to make a range of initial and follow- on investments at accept-
able terms to entrepreneurs.

4 Gluttony. The amount of funds available to private venture capital 
fi rms increases rapidly, leading fi rms to move to the later stages of 
investing in fi rm- formation.

5 Gap. The shortage of venture funds for investment in the very early 
stages of fi rm- formation requires the reinvention of venture capital 
instruments to meet that need.
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The US has gone through three venture capital cycles since the founding 
of the industry in the early postwar period while Sweden, a country rela-
tively new to venture capital, has seen at least two cycles.

Countercyclical venture capital

A countercyclical model of venture capital is needed to remedy the di-
lemma of a private venture capital industry subject to the vicissitudes of 
the business cycle. Taken together, private, public, university, corporate, 
community, and foundation venture capitals have the potential to create 
an industry that is active in all phases of the business cycle and at all 
stages of the fi rm- formation trajectory. This mix of funds fulfi lls the orig-
inal venture capital vision of creating economic growth from start- ups
based on academic research and new business models, supported by the 
public sphere. An array of venture capitals, drawing upon diverse institu-
tional resources across the triple helix, is required to make the transition 
from creative destruction, with signifi cant gaps between techno- economic
paradigms, to an endless transition of creative reconstruction, with new 
industries appearing before old ones disappear.

Venture capital instruments based on different institutional spheres 
have the potential to create an industry that can operate at all stages 
of fi rm- formation and in the various phases of the business cycle. For 
example, government and academia are capable of supporting longer 
time frames than industry and are therefore less subject to the vicissitudes 
of the business cycle. As we have suggested, the downturn is a propitious 
time to encourage start- ups since human capital is more available, with 
people leaving failed ventures or being laid off from survivors. Entrepre-
neurs are active and space is more available. Nevertheless, there is typi-
cally a lack of capital invested in start- ups; although funds are available, 
holders of capital are typically afraid to invest. The downturn should be 
the time at which the Schumpeterian ideas come fully into play; creative 
destruction is under way but creative reconstruction is elusive.

Countercyclical venture capital consists of an array of venture capital 
entities that are an expression of the strands of the triple helix as well as 
hybrids among them, including such public–private entities as founda-
tions. Collaborations among organizations with a long- term perspective 
increase the solidity of their commitment to early- stage investing as well 
as the amount of funds available. For example, university–bank venture 
coalitions have been initiated in Belgium to support fi rm- formation from 
academic research.17 The potential of private and government- funded
foundations as venture capital instruments should be further developed 
to complement the private venture industry, providing a funding source 
for less- favored fi elds and less venture capital- intensive regions.
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Conclusion: reinventing venture capital

Each type of venture capital corrects another’s defi ciency. Thus public 
venture capital focuses on the creation of new industries and jobs, seeking 
long-term economic growth. Public venture capital can maintain focus on 
early-stage investments, especially in societies where government is re-
strained from acting too close to the market. Government appropriations 
may be stable and should theoretically increase during a recession, when 
human capital and other resources for fi rm- formation are more available, 
but public money may be withdrawn as tax revenues decrease. University 
venture capital can take a long- term perspective and is able to operate at 
the early seed stage but may be diverted to support projects of infl uential 
faculty members. Foundation venture capital, with resources guaranteed 
by an independent legal structure, not subject to other organizational 
priorities, is the purest public venture capital instrument, able to focus 
on the early stage and act in the downturn. Foundation venture capital 
sets goals and distributes funds relatively autonomously but the establish-
ment or redirection of foundations for this purpose is relatively limited, 
to date.

The chicken/egg dilemma of whether an entrepreneurial culture or the 
availability of venture capital is the most essential ingredient for fi rm-
formation is unresolved. Nevertheless, an embryonic entrepreneurial in-
frastructure and the availability of a variety of venture capital formats is 
helpful to making the venture capital model work. Georges Doriot, ARD’s
founding director, tried and failed to transfer the venture model to his 
native France in the 1960s. Europe was not receptive to a start- up culture 
at the time but by the late 1990s the emphasis on government- sponsored
“grand projects” abated and the cultural infrastructure in which venture 
capital could thrive began to appear. In the US, ARD, having originated 
at the mid- point of a public–private continuum, had long since been re-
constituted as a partnership. By the late 1980s, ARD was one of perhaps 
a dozen venture fi rms still focused on early- stage technology investments.

The venture capital fi rm originated from a triple helix of university–
industry–government interactions, but these helices drew apart with the 
growth of the venture capital industry. Private venture capital lost its 
social goals as the industry became a pure fi nancial instrument. Never-
theless, some of the original purpose of venture capital as a method of 
regional development has been recovered through the creation of public 
and other alternative forms of venture capital. Having originated as an 
economic development strategy for a depressed region, venture capi-
tal has primarily been associated with emerging high- growth regions.18

Nevertheless, venture capital has been applied to declining industrial and 
rural regions in formats that balance fi nancial and social goals. Indeed, 
the venture capital fi rm was invented to achieve this very  purpose.

136  Reinventing venture capital



9 The endless transition

Introduction

We have passed from an era based on an assumption that research auto-
matically translates into use, to an era where policies are continuously 
reinvented to achieve that objective. Transcending the development 
of new formats for the production and distribution of knowledge, the
endless-frontier idea of “priming-the-pump’ organizational models for in-
novation is continually reinvented, reconceptualizing what a region does, 
what a fi rm does, what a university does, and what government does, 
individually and collaboratively.

The triple helix of innovation is emerging in widely different societies, 
with previous traditions of strong and weak levels of state activity. Gov-
ernment is taking either a more or a less active role in knowledge- based
economic development. In countries that followed a linear model, there 
has been a shift to an assisted linear model, with intermediate mecha-
nisms introduced to move research into use. An indirect and decentral-
ized innovation policy, across the institutional spheres, may be more 
effective than traditional direct approaches since it is better able to take 
regional differences into account and incorporate bottom- up initiatives. 
Nevertheless, the goal is the same: how to build upon existing resources 
to create niches of technological innovation and secure a place within the 
division of labor in the global economy.

Beyond the “endless frontier” lies a continuous series of experiments 
on the relationship between science, industry, and government in creat-
ing the conditions for future innovation. The notion of transition was 
set forth in Eastern Europe after the collapse of Communism and one 
question was often posed: what is the endpoint of transition? The answer 
is that there is no endpoint: innovation is an endless transition. Nor are 
only the former Soviet Union and Central and Eastern European coun-
tries in transition; so too are the US, Asia, Western Europe, Africa, and 
Latin America.



Breaking boundaries—building bridges

The enhanced importance of science and technology to economic devel-
opment is recognized in north and south, east and west. In some coun-
tries, there is a movement away from an assumption that there is a single 
starting point of research and an end point of the economy: a linear 
model in which things happen by themselves. It is also realized that it is 
necessary to start from the standpoint of problems in society, the reverse 
linear model, and to see how knowledge can be used to address them. It 
is increasingly the case that industrial fi rms need the application of know-
ledge to improve their production processes or to develop new fi rms on 
the basis of knowledge. It cannot be expected that entrepreneurs can do 
this by themselves.

In countries that, to one degree or another, relied on central planning, 
it has become accepted that government programs have an important role 
to play, not only from the national level—top-down—but also from the 
local level—bottom-up, often in collaboration with other organizations 
in civil society. When bottom- up initiatives that have proved successful, 
such as the incubator movement in Brazil, are reinforced by top- down
policies and programs, perhaps the most dynamic and fruitful result is 
achieved. It also means that universities and other knowledge- producing
institutions play a new role in society, not only in training students and 
conducting research but also in making efforts to see that knowledge is 
put to use.

The result is an interactive model, with intermediate mechanisms, that 
integrate the two traditional starting points of science- and-technology
policy. In contrast to biological evolution, which arises from muta-
tions and natural selection, social evolution occurs through “institution-
formation” and conscious intervention. The triple helix provides a fl ex-
ible framework to guide our efforts, from different starting points, to 
achieve the common goal of knowledge- based economic and social 
development.

Beyond the endless frontier

Land may end when an ocean is reached but science is an “endless fron-
tier.” While science is the ultimate source of much technology, research 
does not produce innovation by itself. As we have seen, incubators, sci-
ence parks, and technology transfer offi ces harvest the economic poten-
tial of research and link science to the economy. The linear model has 
been revised and expanded into an assisted linear model, recognizing 
the creation of hybrid organizations through triple helix interactions as 
the method to produce concrete results from public R & D spending. 
Although the assumption of a direct hand- off of knowledge from uni-
versity to industry has had to be abandoned, the linear model has not 
disappeared.
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The linear model, often declared “dead” in the innovation literature, 
is like the mythical hydra who grows two heads when one is cut off. This 
persistent model of science- based innovation derives from one part of 
Vannevar Bush’s endless- frontier report of the early postwar period,1 pro-
viding justifi cation for government support of research of various kinds 
to meet military, housing, health, and other social needs, as well as unfet-
tered basic research with the expectation of eventual useful outcomes. 
The much- cited, but largely unread, report was transmuted into support 
for “no-strings-attached” basic research funding, which was only one 
aspect of Bush’s synoptic program that included support for research pri-
marily as a means of solving specifi c societal problems in housing, health, 
and transportation, as well as meeting military needs.

During the Cold War US science policy was based on dual premises, 
one overt and one implicit, relating, on the one hand, to the long- term util-
ity of basic research and, on the other, to expected military applications. 
The end of the Cold War has brought with it a lessening in the force of 
military justifi cations. At the same time, international competition for US 
industry has led to pressures in the economy for shorter- term applications 
of research. A variety of measures have been put in place to achieve this 
goal, including an enhanced role for academic research and government-
supported technology programs to spur industrial innovation.

Different technological areas had been thought of as being connected 
to different disciplines and different industries but they are now cross-
fertilizing each other. Previously there were strong boundaries between 
individual disciplines. Moreover, as we have seen, new interdisciplinary 
synthetic fi elds with industrial signifi cance have been created, such as bio-
informatics, whose components came out of the previous syntheses that 
created computer science and molecular biology. Now these two have 
themselves been brought together to form a new fi eld in a continuing pro-
cess of combination and recombination that has created other new fi elds 
such as behavioral economics and nanotechnology.

The future legitimation of science

The contribution of scientifi c specialties, such as solid- state physics and 
molecular biology, to the growth of old industries and the foundation of 
new ones has given rise to a new ground for legitimation of science as the 
source of high technology. This theme harks back as well to the found-
ing charter of modern science as set forth by Francis Bacon, in which 
science-based industrial growth and understanding of nature were joint 
and complementary purposes of science. This vision held sway until the 
late 19th- century split between pure and applied science, engineered by 
physicists such as Henry Rowland who believed they could generate suffi -
cient support for their science. This cultural divide is currently disappear-
ing under pressure from scarcity of resources and convergence between 
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addressing areas of fundamental science such as the human genome and 
meeting societal concerns such as economic growth.

The increased relevance of science to future economic development 
means that funds for research must now be distributed to all areas of 
the country. It is no longer acceptable for funds to be distributed almost 
entirely to the existing centers of research that are concentrated in a few 
regions, primarily on the East and West Coasts and in a few locations in 
the Midwest. All regions want a share of research funding because they 
are now aware that it is the basis of future economic growth. That is why 
the peer system breaks down. That is why funding is made on other bases 
such as direct Congressional appropriations for research centers at local 
universities. These practical political considerations have been raised to 
an explicit policy level in Europe, where goals of achieving cohesion and 
rectifying regional imbalances are built into the European Union’s frame-
work programs for technological and economic development.

The traditional legitimations of support for science still hold: the cultural 
justifi cation of science as an end in itself, and defense research. Health, of 
course, remains a strong stimulus to research funding. The future legitima-
tion of scientifi c research that will keep funding at a high level is that it is 
the basis of economic growth.

The capitalization of knowledge

The idea that culture, including science, could be transformed into capital 
became apparent when it was seen to generate a stream of income. While 
some scientists, like Pasteur, expected their ideas to have industrial ap-
plications even though they were not personally interested in capturing fi -
nancial rewards, it came as a surprise to others to fi nd that their ideas had 
become the basis of entire industries. For example, sociologist Robert K. 
Merton, who invented the “focus-group” interviewing technique during 
the 1940s, was astonished to learn, years later, that a research method 
that he had played a part in developing during World War II to evaluate 
information campaigns to troops had become the basis of a multi- million-
dollar advertising and political industry during the postwar period.

New dynamics of knowledge production

Rather than fi nancial capital invading and controlling knowledge, the 
capitalization of knowledge arises from dynamics within knowledge 
production itself. The capitalization of knowledge denotes the transfor-
mation of knowledge into capital and the processes through which this 
takes place, such as intellectual property rights and the patent system, 
corporate research labs and consortia, technology transfer and liaison, 
venture capital (private and public), incubators, etc. As the capitalization 
of knowledge occurs, capital also gains more knowledge capabilities. This 
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“cogitization of capital” occurs, as new methods are invented to appraise 
risk such as the Black/Scholes options- pricing algorithm. New types of 
organizations to assess risk, such as hedge funds and venture capital fi rms, 
search out and discriminate among potential candidates for investment.

The capitalization of knowledge has replaced disinterestedness as a 
norm of science. This new norm has arisen from the practices of indus-
trial science and the emergence of an entrepreneurial dynamic within the 
university. It has also emanated from changes in the rules for disposi-
tion of intellectual property arising from government- funded research, 
and from direct industrial policies as well. The norm of capitalization has 
been embedded in organizations such as technology transfer offi ces and 
in the requirements of government granting programs to show broader 
impacts from research. The cogitization of capital is displacing “rule of 
thumb” and other tacit methods of investment decision- making. The 
methods and principles of organizing and producing knowledge have also 
changed.

Synthesis of hybrid disciplines

New disciplines are created through synthesis of various elements in con-
trast to the splitting off of new disciplines from old ones in the way psy-
chology developed out of philosophy in the 19th century.2 Syntheses of 
practical and theoretical interests, elements of older disciplines such as elec-
trical engineering, a bit of psychology and philosophy, and a machine were 
made into computer science. Similar processes, combining government, in-
dustrial, and academic interests, were at work in creating material science 
and the other sciences that are on everyone’s critical technology list.

A reciprocal relationship between practical and theoretical interests 
has led to a further series of new disciplines at the intersections between 
earlier syntheses. Synthetic disciplines with industrial signifi cance, such as 
bio-informatics, are created whose components came out of the previous 
syntheses that made computer science and molecular biology. Now these 
two have themselves been brought together to form a new fi eld in a con-
tinuing process of combination and recombination that has created such 
fi elds as behavioral economics and nanotechnology. A new department 
at the University of Washington was constituted through collaboration 
among academic disciplines, supported by the Microsoft Corporation 
as a window on an emerging area of knowledge with business potential. 
Syntheses among knowledge areas, organizational formats, and institu-
tional spheres are the basis of a new model of innovation.

Mode 2?

An intriguing hypothesis has been set forth that science is currently un-
dergoing a radical epistemological transformation: from research based 
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on questions that arise within separate disciplines (mode 1) to an alter-
native format with researchers from different disciplines collaborating 
on projects that are sourced in practical issues (mode 2).3 Parodoxically, 
the so- called mode 2 interdisciplinary research, with both theoretical 
and practical implications, is the original format of science from its 
institutionalization in the 17th century. So why did mode 1 disciplinary 
research, isolated from the context of application, arise after mode 2, 
based upon collaborations, networks, and invisible colleges?

A conceptual framework to explain the benefi ts to society of main-
taining the ability of scientists to pursue their ideas, wherever they led, 
was needed to establish a sovereign space for science. Whereas mode 2 
represents the material base of science, how it actually operates, mode 
1 is an ideology constructed upon that base in order to justify scientifi c 
autonomy. Such concepts were especially important in an era when sci-
ence was still a very fragile institution, and needed help to maintain its 
independence, as appeared to be the case in the US during the late 19th 
century. When holders of great industrial fortunes donated funds to 
found new universities, many observers felt that the industrialists making 
these gifts would try to shape these universities’ directions. It was feared 
that these donors would infl uence the hiring and fi ring of professors as 
well as what topics were acceptable to be studied.4

The rise of the ivory tower

Concern about such possibilities was heightened by several cases in which 
academic freedom was breached by the fi ring of professors who had 
taken unpopular positions.5 Professor Henry Rowland of Johns Hopkins 
University, as president of the American Association for the Advancement 
of Science, posited a sphere of science that would be beyond the control 
of economic interests. If external interests intervened in the university, it 
would harm the conduct of science. Therefore it was best that even phi-
lanthropists keep hands off. When universities were a weak institutional 
sphere, an ivory tower model, emphasizing isolation and de- emphasizing
practical concerns, served to protect academic freedom.

The autonomy of science was strengthened by Robert K. Merton’s
theory of the normative structure of science.6 This sociological theory of 
science as a self- organized and self- regulating social process defended the 
free space of science against attack by Nazi proponents of racialist ideas 
as science and from Lysenko’s attempt to control biology in the former 
Soviet Union. The third element in establishing the independence of sci-
ence was the 1945 report Science: The Endless Frontier.7 The supply of 
practical results from science during World War II would have constituted 
a de facto justifi cation. But with the end of the war and without aware-
ness in advance of the effect of the Cold War and Sputnik, a rationale was 
needed in 1944 and Vannevar Bush, the head of the war time Offi ce for 
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Scientifi c Research and Development (OSRD), persuaded President Roo-
sevelt to write a letter commissioning the report.

The World War II seamless web

During World War II the OSRD spent signifi cant sums at universities to 
support advanced weapons development, often on projects proposed by 
academics. In the wartime programs, university researchers were linked 
to engineers from manufacturing companies. They often worked in each 
other’s premises within the framework of government programs. The ob-
jective was to insure a seamless web from laboratory research to military 
equipment, with feedback from fi eld experience. Government negotiated 
R & D contracts with universities that accepted their argument that part 
of the funds should support the infrastructural costs of the university un-
dertaking the project.

The military research agencies established just after the war retained 
much of the integrated wartime model. This was the case in the Offi ce 
of Naval Research (ONR) and then in the Advanced Research Projects 
Agency (ARPA), established after the 1957 lofting of the Sputnik satellite 
gave rise to fears that US science was falling behind that of its Cold War 
competitor. Program offi cers in these agencies were proactive, bringing 
together interested scientists from various universities and fi rms to work 
on projects that they often took the lead in initiating. DARPA, however, 
was an exception to the premise that government funding of research 
would lead to innovation by itself.

During the postwar era government funding of R & D came to be ac-
cepted as the basis of university research in complete contrast to prewar 
rejection of this same funding. The difference can be explained by two 
factors: scientists’ realization of the effi cacy of government funding in 
speeding the research process and their fi nding that they could achieve a 
relatively hands- off relationship with government, with signifi cant funds 
distributed without direct control.

Assisted linearity

By the industrial restructuring of the 1970s it was apparent that transfer 
of knowledge from university to industry through publication and hiring 
of graduates was too slow in an era of intense international competitive-
ness. An unintended consequence of ideological opposition to direct gov-
ernment relations with industry led the US to adopt an innovation policy 
based upon “action at a distance.” Given the resistance to an enhanced 
role for the federal government, when inter vention is decided upon it is 
typically carried out indirectly.

Initiatives such as the Small Business Innovation Research Program 
extended the forward linear model downstream, following the general 
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format of a basic research grant with additional criteria of commercial 
potential. The peer- review model was thus extended from basic research 
to follow- on programs to encourage utilization of the results of basic re-
search. Political opposition to government support of industry was largely 
avoided by encouraging the university to mediate the interaction. The 
university was the institution of choice in three key instances: agriculture 
(mid-19th century), the military (World War II), and industry (1970s).

The performance of linearity was improved by introducing expertise in 
transfer on both sides of the equation. On the university side were people 
with industrial expertise to fi nd partners in industry, and on the fi rm side 
persons with academic expertise, to search universities for useful knowl-
edge and technology. Programs that offer funds to researchers to explore 
the practical implications of research were introduced and expanded. It 
was expected that this more systematic approach would produce better 
results. This series of programs and laws to encourage innovation has 
gone a long way toward re- creating the wartime interactive model of in-
novation. Further steps can be taken.

Policy recommendations

1  Spread entrepreneurial education throughout the university. When 
they exist at present, courses in entrepreneurship are typically of-
fered only in the business and engineering schools, and even then 
separately from each other, losing the opportunities for technical and 
business students to interact and create new ventures collaboratively. 
Just as every student learns to write an essay, setting forth ideas and 
experiences, and a scientifi c paper, matching evidence to hypotheses, 
every student should also learn to write a business plan, setting forth 
objectives and providing a market test of their viability.

2  Develop network incubators and incubator fi rms. When incubators 
exist they are often isolated entities sponsored by an individual uni-
versity, municipality, or business fi rm. Networked incubators have 
the possibility to encourage fi rms to undertake joint projects that nei-
ther entity could accomplish by itself. A technology platform from a 
fi rm in one incubator can be made into a business in another incuba-
tor. International incubator networks can give start- ups some of the 
reach of a multinational fi rm, helping them to fi nd marketing repre-
sentatives abroad.

3 Incentivize regional actors to collaborate and cooperate. Especially in 
larger regions where there may be more than one university, multiple 
governmental units, and several leading fi rms or clusters, centrifu-
gal forces may keep potential partners apart. National agencies need 
to be cognizant that the relatively small incentives that may serve to 
bring triple helix actors together in a small region may not work in 
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a large region where different groups may compete for leadership 
status rather than work out an accommodation. On the other hand, 
they may be willing to accept an invitation to cooperate made by a 
suffi ciently prestigious actor, such as a leading fi rm in Silicon Valley 
or the Federal Reserve Bank in New York City.

4  Create an array of venture capitals. Overreliance on a single type 
of venture capital instrument can result in stasis and gaps in fi elds 
where traditional funds are not active. Multiple venture capital 
agents, based on different premises, can create a division of labor in 
which early- stage and later needs are met as well as social and busi-
ness goals. A balanced portfolio of venture capital entities is essential 
to the full economic and social development of a region.

5  Develop multiple knowledge bases. Too narrow a knowledge base 
can leave a region bereft when a technological paradigm runs dry, 
temporarily or permanently. The availability of alternative know-
ledge bases gives the region the potential to shift from one techno-
logical area to another and avoid gaps. A broad- based university 
with several critical masses of intellectual activity with potential for 
capitalization is the basis of a triple helix region that is able to renew 
itself periodically. The Boston area’s shift from the textiles and metal-
working industries in the early 20th century to minicomputers in 
the mid- 20th century and currently to biotechnology, based on the 
breadth of its academic resources, exemplifi es this  strategy.

6 Create an entrepreneurial academic entity. If an entrepreneurial uni-
versity, interested in the capitalization of knowledge and in play-
ing a leadership role in the economic and social development of its 
region, does not exist, then it has to be invented. A new university 
may be founded for this purpose as MIT was in the mid- 19th cen-
tury or Linköping in the late 20th. An existing university may also 
be encouraged to play this role. Alternatively a group of universi-
ties may establish an entrepreneurial unit, like the Stockholm School 
of Entrepreneurship, to take this role on behalf of a local academic 
community.

Toward a meta- innovation system

A meta- innovation system comprises multiple sources of initiative, top-
down, bottom- up and lateral, to create innovative organizations, fi rm 
and non- fi rm, from elements of the triple helix, in response to the eco-
nomic and social needs of particular societies. In recent years, the focus 
of innovation has shifted from the internal organization of the large fi rm, 
and its R & D activities, to clusters and high- tech start- ups. Large- fi rm 
issues persist as part of broader networks, comprising fi rms of various 
scale and scope and other entities. Interaction among university, industry, 
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and government as equal actors is the generative source of innovation in 
the triple helix.

The shift from a single source of initiative, such as the national govern-
ment or the fi rm, to a multiple- source arises from triple helix interactions 
reinforcing each other and bringing forth new initiatives. In a meta-
innovation system, initiatives arise from the bottom up from universities 
and municipal governments; laterally from industry groups, regional as-
sociations, and state governments; and from the top down from national 
government.

A precondition for a meta- innovation system of multiple sources of 
initiatives is that the institutional spheres of the triple helix are differ-
entiated and include actors at various levels. Governmental organs and 
agencies operate at state and municipal levels. Industrial associations 
have state and municipal branches, with decision- making authority, in 
addition to their national boards. Federal universities, located in all states 
of Brazil, have become involved in regional issues while state universities 
take up national issues.

A second stage of the development of a meta- innovation system is 
the creation of hybrid entities that are more productive than the indi-
vidual elements from which they derive. Initiatives from one source are 
extended by another level or taken in a new direction by an actor in a dif-
ferent institutional sphere. The development of an incubator movement 
in Brazil, from the triple helix of university, industry, and government, 
and the transformation of the incubator from its original high- tech focus 
to a broader role in institution- formation, at various technological levels 
and beyond the economic sphere, exemplify “meta-innovation.”

In a third stage of development multiple actors, from different spheres, 
formulate and carry out joint projects together such as the development 
of a software cluster at the municipal level in Brazil. Whereas 30 years 
ago the science park was instituted in an isolated situation, now it is 
much more likely to be begun as a cooperative project that is inserted in 
a dense innovation infrastructure, including incubator networks, entre-
preneurship programs, and branches of multinational fi rms. A failure 30 
years ago, apparently due to lack of funds, technology parks are currently 
successful, despite persisting lack of funds, since they now fi t into an or-
ganizational continuum.

The European Union has initiated parallel processes and programs.8

Indeed, the EU and the US borrow innovation formats from each other. 
Thus the ESPRIT program to encourage software development was a 
response to the US “Star Wars” initiative. The US Advanced Technol-
ogy Program attempted to replicate the EU framework programs of en-
couraging national champions. All of these initiatives have in common 
the stimulation of networks among the institutional spheres, whether 
starting from the double helix of government–industry, commonplace in 
Europe, or the double helix of government–university, more typical in the 
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US. Over time, as with the Advanced Technology Program, a US anomaly 
which was built upon an industry–government collaboration, the missing 
third institutional sphere is brought into the picture.

The future of the triple helix and the triple helix 
of the future

The triple helix thesis is that the university goes into the future as the 
predominant organizational format of a knowledge- based society. An 
industrial organization, whether capitalist or socialist, was presumed to 
be the dominant form of social organization in producing the goods and 
services of society. As the knowledge component of the fi rm is increased, 
it begins to act more like a university in collaborating, developing, and 
distributing knowledge.

Marx’s assumption that social change was merely a matter of changing 
control over an existing mode of industrial production, that there would 
not be new developments in the forces and relations of production, is 
superseded. The academic laboratory or research group model of intel-
lectual production, of cooperation and collaboration among groups from 
different institutional spheres, cross- fertilizing each other, is a more pro-
ductive model than the isolated fi rm, or even one in an industrial district 
but without an academic component.

Another basis for change in innovation models is that Max Weber’s
“iron cage”—the assumption that technology would increase in size 
and scale, making bureaucratization the sole organizational model in 
society—has also been disconfi rmed. Schumpeter’s hypothesis of creative 
destruction is now accompanied by a process of creative reconstruction 
of technological and organizational elements into new confi gurations.9

Innovation is a broader process than any single institutional sphere or 
national style. Interaction among the institutional spheres of university, 
industry, and government, playing both their own traditional roles and 
each other’s, in various combinations, is the basis of societal creativity. 
The resulting triple helix is a new global system of innovation.
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