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NTNU’s comments on the report, how can
we use this knowledge base for the further
development of Norwegian universities?

Based on the content of this report, | would like to share
my thoughts about how Norwegian universities in gener-
al, and NTNU in particular, may relate to this analysis. The
background of this report is an assignment given by the
Norwegian Ministry of Education and Research to NTNU.
The objective was to investigate how universities contribute
to innovation in both the private and public sectors. The re-
port identifies key contributions to the scientific literature,
and summarizes the main findings.

One important conclusion from this independent scholarly
work is that universities contribute to value creation and
impact in society through several innovation channels. The
most important channels identified in the report are through direct research collabo-
ration with industry and the transfer of knowledge and technological solutions within
research centers. In these centers, private and public sector are collaborative partners
with the universities, and student-led innovation and education are frequently included.
As Pro-Rector for Innovation, | am proud that NTNU for several years now has prior-
itized and meticulously developed our innovation ecosystem through these important
channels.

Future Education and Knowledge Needs for fulfilling
Innovation in the Private and Public Sectors

Norwegian universities and university colleges have a pivotal role to play in the challeng-
ing restructuring process that the Norwegian economy is undergoing. New knowledge
and skills, the ability to develop and exploit new technologies, as well as understand-
ing how technology and society interact, are all critical success factors that universities
can contribute to in this ongoing process of change. In addition, sustainable develop-
ment is an imperative for our future, with a sustainable development path presupposing
groundbreaking innovations in the years to come. We need to experiment more across
disciplines and sectors in our search for new and more effective ideas for a sustainable
future.

Universities must continue to develop their educational programs, so that graduated
students are able to meet and deal with the modern societal needs. This is the rea-
son why NTNU has started our work with developing “next generation education pro-
grams” within technology, the humanities, social sciences and health. In addition, NTNU
is further developing existing and preparing new courses within lifelong learning, as
both the private and public sectors have requested so many times due to tremendous
demands. Rendering university education more pertinent for Norwegian society is the
primary objective of a forthcoming white paper on employment and work relevance in
education. Our society needs competent employees who take initiative, cooperate across
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disciplines, adapt quickly to new situations and solve complex challenges in a digital
and sustainable economy. The ability to make use of new and future technologies,
such as robotics, automation and digitalization, will be an important competitive ad-
vantage and crucial for success in a world of globally competitive markets.

In this context, the development of entrepreneurial and intrapreneurial competen-
cies in our education is becoming increasingly important. The report highlights that
these competencies can only be developed in a dynamic innovation ecosystem where
universities, the private sector and the public sector work together. The need for
innovation and reorganization in the public sector is also clearly articulated in the
forthcoming white paper on innovation in the public sector. There are relatively few
research and innovation policy instruments designed with the objective to encour-
age knowledge development between universities and the public sector. This report
emphasizes the need for more experimentation, creativity, openness and systematic
work from the public sector and universities. The report also points to the untapped
potential within the humanities and social sciences. There are several examples in
which contributions from the humanities and social sciences led to clearly improved
public sector products and services.

Research Collaboration as a base for innovation

NTNU is experiencing an increasing demand for R&D collaboration from both the
private and public sectors. In combination with university research excellence as
a key factor for a high university innovation impact, the literature emphasizes the
importance of geographical and relational closeness between industry and univer-
sity researchers. In Norway, there are several good examples of policy instruments
enhancing knowledge collaboration and transfer both ways between the business
sector and academia, in particular, university-industry research centers, such as the
Center for Research-based Innovation [SFIs] and the Centers for Environment-friendly
Energy Research (FMEs]. These centers develop long-term relationships and deliv-
er new knowledge, competence, prototypes, new methods, new technologies, new
employees and innovation solutions to their partners and to the broader society. In
these centers, students, academics, firms and end-users all collaborate to solve
specific applied research problems. These types of university-industry collabora-
tions will also be a key asset for a successful Norwegian participation in the future
EU Framework Programs for Research and Innovation. In the new Horizon Europe
program, there is an increased focus on economic and societal impacts, on societal
missions and on research excellence.

The present report provides evidence for the fact that a long-term focus on research
quality is an essential prerequisite for a high university innovation impact. We there-
fore need to keep up our efforts for research excellence along the entirety of the TRL
scale (TRL - Technology Readiness Level], which requires a close and long-term
collaboration between academia, research organizations and the private and public
sectors.

Norway needs to improve further research excellence, while simultaneously fo-
cusing on research collaborations of high impact with both the private and public
sectors. As pointed out in the literature, several scholars mention different types
of challenges related to close collaborative interactions between academia and the
business sector. These challenges must be recognized and mitigated so that collab-
oration culture can flourish. Nevertheless, there are many examples of successful
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collaborations. The winner of the Norwegian Research Council's (RCN] “Innovation Price
2019" is a good example of a successful university-industry research center collabora-
tion and excellence in research.

That being said, at a micro-level the report identifies a knowledge gap in the literature
about how most effectively to deal with the challenges emerging within university-in-
dustry collaborations. In particular, we know little about good policies and manageri-
al practices to help alleviate non-productive tensions and conflicts. However, it is well
documented that long-term collaborations tend to reduce tensions and increase mutual
benefits between the collaborating partners.

Academic entrepreneurship and the new business sector

Academic entrepreneurship, university spin-offs and student entrepreneurship are im-
portant innovation channels, but they still only constitute a small part of universities’
overall innovation contribution to society. Yet, one may question why the numbers of
academic patents and academic spin-offs are not larger despite the fact that universities
carry out applied and strategic research for billions of NOK every year. International cap-
ital- and investment communities show an increased interest in Norwegian universities.
This is an indication that Norwegian universities have a greater potential for academic
entrepreneurship and commercialization than that being explored so far. However, nei-
ther the university sector itself, the Norwegian capital community nor national policy
instruments seem to be powerful enough to unleash this potential. One lesson from
this report is that universities must experiment with new initiatives to a greater extent,
thereby connecting their various innovation activities into a more coherent university
ecosystem logic playing with and integrated with the ecosystem outside the academia
and within the industry and public sector. NTNU has been proactive in this by support-
ing many different related initiatives, among others, initiatives promoting student-driven
entrepreneurship like START and Spark. For example, we hope that the NTNU’s School
of Entrepreneurship, with its innovative, high-quality master program on entrepreneur-
ship, may provide some new ideas to other universities. We also hope that our centers of
educational excellence will keep carrying out research on practices and methods for an
increased innovation impact across all disciplines.

Another area where we need to intensify our efforts is to increase the innovation im-
pact of the SFI and FME activities that NTNU participates in. With this as its objective,
NTNU established a Strategic Program for Research-based Innovation. This program
funds new innovation managers who will work closely together with NTNU researchers
to increase the innovation output of our research, especially research conducted in uni-
versity-industry centers. In addition, the program is aiming to increase innovation com-
petence and improve innovation culture within the university as well as making it easier
to collaborate with NTNU.

Furthermore, several Norwegian universities are experimenting with new funding ini-
tiatives of student-led entrepreneurship, such as NTNU Discovery and SPARK Norway
(University of Oslo). These initiatives have as their goal helping students and employees
to transform their initial innovative ideas to more mature innovation project propositions
that can be taken further toward a commercialization phase by the Technology Transfer
Offices (TTOs) and/or the private sector. NTNU now stimulates responsible innovation
at all levels, and is taking actions to enable our employees and leaders to deliver on
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innovation, in addition to other core activities such as teaching, research and the
dissemination of research results.

Highlighting the contributions from universities

The initiatives and activities for promoting innovation and value creation adopted
by NTNU are not necessarily suitable for other universities. One should not uncrit-
ically adopt innovation strategies and practices from other - even world-famous
- universities, since these “role model universities” often operate within different
ecosystems and have different ownership and funding structures compared to the
Norwegian universities. Having said that, Norwegian universities can certainly learn
quite a bit from excellent international university innovation practices and ecosys-
tems. The important point to make here is that each institution must develop its own
realistic strategy on the basis of the strengths and opportunities in their innovation
channels, on the basis of their networks at regional, national and international levels
and on the basis of their collaborative history with the business and public sectors.

We must also learn to better document and communicate how universities create
value in our societies. This is becoming a prerequisite for obtaining research funding,
both within the EU's Research and Innovation programs within national research,
and with innovation policy instruments. The ability to systematically think about the
innovation impact is a key skill for the researchers of the future.

Based on thisanalysis, NTNU and |, as Pro-Rector, will focus on more research-based
innovation and student entrepreneurship to help benefit society. In addition to exper-
imenting with new initiatives at NTNU, | will work to ensure that our researcher
communities continue to contribute to knowledge for a better national policy, and to
a more efficient and adaptable business and public sector regionally, nationally and
internationally.

Trondheim, November 25th, 2019
Toril Nagelhus Hernes, Pro-Rector for Innovation, NTNU
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Preface

In 2018, the Pro-Rector of innovation at the Norwegian University of Science and
Technology (NTNU), Toril A. Nagelhus Hernes, established a project group consisting
of four faculty members, all from NTNU, with the objective to investigate what we know
about how Higher Education Institutions (Universities) contribute to innovation processes
in the Norwegian economy and society. The four appointed faculty members of the proj-
ect are: Arild Aspelund, Aris Kaloudis, @ivind Strand and Roger Sgrheim. Aris Kaloudis
was the project coordinator.

The project represents one of the first steps of NTNUs strategic commitment to establish
a richer knowledge base about the impacts of NTNU's overall activities on innovation
in Norway, with a particular emphasis on the activities related to NTNU’s participation
in university-industry collaborations (UIC) and in university-industry research centres
(SFIs and FMEs).

Consequently, the research project commissioned by the Pro-Rector has as a main ob-
jective to establish a knowledge base on what measures and organizational tools seem to
promote innovation from the universities. The mandate of the project provisions is that the
study should also include:

1. A state of the art analysis consisting of:

e A summary of published scientific knowledge of what promotes innovation from the
university sector/how universities contribute to innovation in existing business and
public sectors, and new business.

e Summarize the literature regarding the connection between the university's educa-
tional portfolio (innovation in education), research activity and focus on entrepreneur-
ship, including tools for translating research into practical utility/innovation/entrepre-
neurship among both students and employees. What does state of the art say about
"best practice"?

¢ Knowledge on the impact of academic innovation must be mentioned

2. The study should summarize documented knowledge of how innovation takes place in
research centres and clusters, and what promotes innovation from these.

3. Knowledge of innovation in collaboration between the university and external actors,
including actors from both the business- and public sectors.

4. Discuss state of the artin conjunction with status and practice in Norway and Norwegian
universities, policy design (Industry Report, LTP, Research Council), etc.

5. The study should provide some advice on how it is possible increase the innovation
impact of Norwegian universities.

This report is the result of the research project that complements the work published in
the NTNU report, “Mot et bredere malesystem for UoH-sektorens bidrag til Innovasjon:
Forslag til malesystem basert pd erfaringer fra NTNU", in which indicators measur-
ing universities' contributions to innovation are discussed and evaluated. Therefore, in
this report we do not review the vast amount of literature on how we measure academ-
ic-based innovation activities and their impacts.
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1. Objectives and thematic
directions of this report

In all advanced economies, Higher Education Institutions (HEI) are expected to play a
key role in promoting innovation, entrepreneurship and structural change (Perkmann
& Walsh, 2007; Ankrah & Al-Tabbaa, 2015). The increasing population shares of uni-
versity-educated, the economic importance of knowledge-intensive activities, the digital
transformation sweeping across all organizational boundaries of the globe and the need
to quickly forge efficient and innovative solutions to address pressing societal challeng-
es, are just some of the reasons explaining why universities are expected to deliver more
and better on their third mission, i.e., the demand to contribute more to innovation and to
economic and societal change. This new type of “social contract” with universities begs
the question of: What do we know about how modern Universities contribute to the various
forms of innovation and entrepreneurship in the diverse economies of the 21th century? This
is the key research question guiding the analyses in this report. The main objective of
the report is to establish a state of the art, based on an analysis of published scientific
papers on how universities contribute to innovation.

The primary motivation behind this report is to produce knowledge that permits the ask-
ing of more precise and specific strategic questions about what type of actions are most
likely to further improve the innovation performance of Norwegian universities, given the
distinctive features of the Norwegian innovation and educational system. Is there poten-
tial for increased academic innovation activity in Norway, and towards which direction?
What types of impacts should we measure and document more carefully? Is it advisable
to reshape academic incentive systems and operational modes in order to boost more
innovation? What are the new opportunities and the new challenges demanding better
and more academic innovation activity? These are some of the policy questions that mo-
tivate our analysis.

1.1 Types of innovation impacts and universities

Several prevailing and persistent factors determine how universities contribute to inno-
vation and entrepreneurship. New goals and directions in regional, national and inter-
national R&D and innovation policies, as well as educational policies, are of an example
of a policy trend with profound effects on how universities deliver knowledge, skills and
services for innovation and entrepreneurship.

There are several channels through which universities contribute to innovation process-
es. Some of these channels are purposefully and selectively developed by universities
themselves or by policy design for that reason. Academic start-ups, academic patenting,
student-based entrepreneurship, education programmes for innovation and entrepre-
neurship, in addition to a multitude of policy measures funding collaboration between
Universities and the private and public sectors, are examples of channels/activities as-
sumed to have direct impacts on innovation processes. Others academic activities, how-
ever, represent more oblique channels, and may have indirect effects on the capacity and
capability to innovate in the economy. University graduates and their skills, participa-
tion in scientific and/or practitioner conferences, scientific publications, popularization
of science and technology activities, academic participation in committees and policy

"
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processes, and of course, the myriads of informal communication channels and
networks between academics, industry and the broader society, are all examples
of processes that may have a considerable effect on the trajectories of innovation
processes; yet, they impact innovation through “serendipity”, rather than through
a purposeful, organized and targeted organization of knowledge interactions for
innovation.

In this report, we delineate our investigation only to those channels that work more
directly on economic and societal innovation processes. This does not mean that
other core academic activities, such as teaching, researching and debating, are not
important for our societies. On the contrary, some of the indirect/informal chan-
nels may have a much deeper and long-lasting effect on our culture and political
systems, and on our future, than the direct channels. Even so, a discussion of the
impacts of these broader, and less targeted activities on innovation, must be left to
another report.

Below, we shortly introduce the main innovation channels this report is focusing on:

University-industry collaborations (UICs), university-centred clusters and universi-
ty-industry research centres, represent a major channel through which Universities
contribute to technological development and innovation directly to the involved col-
laborating companies. And more indirectly, via sequences of knowledge spillover
loops, they often also have an impact far beyond the network of university-collabo-
rating firms.

Academics are increasingly directly involved in the commercialization of their re-
search, either by starting new firms or patenting/licencing technological solutions or
technology platforms. It is still unclear how economically important these forms of
academic entrepreneurship are. There is evidence in the scientific literature in many
countries and many regions that the direct effects of academic spin-offs (ASOs) seem
not to be that important. Nevertheless, there are wider effects from such ASOs or
from academic patenting - even for those that do not succeed. There is an increas-
ing understanding that even failed spin-offs provide a mechanism for diffusing and
exploiting knowledge that benefits other entrepreneurs, facilitates the expansion of
firms and strengthens the competence structure of supporting actors and sectors.

University graduates represent a huge potential for stimulating innovation and en-
trepreneurship, either by directly establishing their own firms or through their em-
ployment. Preparing these students for careers in increasingly innovation-intensive
working environments and helping them to acquire skills enhancing their entrepre-
neurial and intrapreneurial abilities, are one of the tasks for Universities that only
recently are being fully recognized.

Universities also engage with a large array of activities of importance for enhancing
productivity and innovation in the public sector. Although there has been an increasing
number of publications contributing new knowledge on this topic over the last few
years, there is still limited knowledge on the nature and quality of these interactions.
Yet, both in the private and public sectors, innovation often assumes the form of
co-learning and co-production in ecosystems, in which universities play an import-
ant systemic role.
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Universities are also expected to play a more international innovative role in providing
ideas and developing technologies in order to cope with major societal challenges, such
as the 17 sustainable development challenges (SDGs) defined by the United Nations (UNJ.
Universities have a key role to play in delivering solutions that can help countries in their
efforts to tackle many of the SDGs such as a climate change, cleaner environment, glob-
al public health and poverty reduction.

1.2 The contents of the report

The discussion above leads directly to the thematic structure of the report:

e Chapter 2 places Universities within a broader international socio-economic and policy
context, and identifies the most important policy trends directly affecting Universities’
incentives and capacities for innovation.

e Chapter 3 provides an overview of the literature identifying the types of innovation
channels available to Universities and discusses the relative importance of these
channels as vehicles of innovation impacts. Based on the discussion in Chapter 3, each
one of the following chapters (Chapters 4-8) focuses on the channel with the largest
significance and impact.

e Chapter 4 directly targets one of the Universities’ chief innovation impact channels,
namely university-industry collaboration (UIC) in R&D projects and, in particular, uni-
versity-industry research centres. The chapter provides an outline of the scientific lit-
erature in this topic, and discusses factors determining the innovation impacts of these
collaborations.

e Chapter 5 reviews the literature of academic entrepreneurship in general, and ad-
dresses the question of what we know about the impact of academic spin-offs.

e Chapter 6 focuses on publications that study the impact of Universities’ educational
activities, targeting the advancement of innovation and entrepreneurial skills of stu-
dents, as well as the impacts of different aspects of student entrepreneurship.

e Chapter 7 analyses the scientific literature, studying how Universities contribute to
innovation in the public sector.

e Chapter 8 identifies and summarizes literature on how Universities contribute to in-
novation beyond regional and national borders. The chapter also investigates what are
the main international arenas of research knowledge co-production in international
networks of foreign firms and research institutions.

e Chapter 9 reflects on the findings in Chapters 2-8 and provides policy implications
based on those findings.

13
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Figure 1.1: The structure of the report

UNIVERSITY- EDUCATION IN
INDUSTRY(UI) ] INNOVATION AND

COLLABORATION ENTREPRENEURSHIP
(CHAPTER 4) (CHAPTER 6)

UI-CENTRES AND UNIVERSITY

UNIVERSITY " INNOVATION
CLUSTERS CHANNELS
(CHAPTER 4) \ (CHAPTER 3)

\ INNOVATION IN THE
PUBLIC SECTOR
(CHAPTER 7)

INTERNATIONAL
ACADEMIC — INNOVATION
ENTREPRENEURSHIP CHANNELS
(CHAPTER 5) (CHAPTER 8)

POLICY IMPLICATIONS (CHAPTER 9)

1.3 Methodological notes on the thematic scope

The literature addressing the research questions we investigate is immense. We
do not claim that the report provides a systematic literature review of all of this
vast volume of literature, although we believe we comprehensively identified and
summarized the most significant scholarly contributions and the state of the art on
what we know about how Universities contribute to the various forms of innovation and
entrepreneurship.

In our overview of the literature, priority has been given to more recent publica-
tions - especially review papers of high quality. We only focused on the literature
of innovation impacts linked to universities, disregarding the equally vast literature
studying the universities as organizations, i.e., their funding sources, governance
of Universities, inflow of human resources, research mobility and even incoming
knowledge flows.

Furthermore, the links between Universities” impact on microeconomic innovation
dynamics and patterns of macroeconomic growth are, unfortunately, neither well
conceptualized nor adequately modeled. Mapping this analytically fragmented ter-
rain in a more rigorous and comprehensive analytical framework remains an analyt-
ical challenge, and is therefore placed outside the scope of this report.

There is also a vast amount of literature studying how specific scientific disciplines,
e.g., Chemistry, Medicine, Engineering, etc. relate to the developments of new
emerging technologies, such as ICT, biotech, nanotech, and how these technologies
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shape innovation in specific economic sectors, e.g., Pharmaceuticals. This report does
not provide any systematic analysis of this literature.

Lastly, although there is a fairly large amount of literature about the regional impacts of
Universities, we do not include a separate chapter on this issue. On the other hand, we
review a large number of influential papers, and discuss this issue of regional impact in
almost all the chapters of this report.
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2. The broader context of
university innovation impacts

The objective of this chapter is to highlight major global trends that shape the new roles
Higher Education Institutions (Universities) play in modern innovation processes, and
ultimately to structural change. We first discuss the implications the transition to the
knowledge economy has on Universities. Universities increasingly need to directly en-
gage in the co-creation processes of advanced knowledge in collaboration with firms and
public organizations, or within university-industry research centres, in business clus-
ters, in science parks or in innovation and entrepreneurial ecosystems. We then proceed
with the presentation of three distinct innovation policy logics that articulate different
kinds of incentives for Universities since World War Il, with an emphasis on policy de-
velopments over the last two decades. In the last section, we briefly present the policy
landscape of the Norwegian Universities.

2.1 The knowledge economy and its drivers

Over the last three decades, there has been an extensive scholarly effort to understand
the inner dynamics of the “knowledge economy” (OECD, 2001; Smith, 2002). Firms in
modern economies invest in a wider range of intangible assets, such as R&D, data, soft-
ware, patents, designs, new organizational processes and firm-specific skills. Taken
together, these non-physical assets make up knowledge-based capital' (OECD, 2013).
Knowledge investments are economy-wide, not only confined to high-tech sectors, and
not only confined to R&D. They are now greater in volume than tangible (i.e. physical
assets such as buildings, machines, etc.) investments in all developed countries, and
have become one of the prevalent features of modern economies (Haskel & Westlake,
2018). It is already from those introductory notes that the role of Universities in econo-
mies dominated by knowledge-based capital formation and knowledge-based economic
growth cannot be underestimated. The question is exactly how Universities contribute to
these developments.

Interactions with Universities in a knowledge-economy context

In addition to the issue of intangible investments, the notion of a “knowledge economy”
also refers to the increasing complexities of managing and extracting value from the
great variety of learning processes in R&D and production value chains.

Scientificandtechnologicalknowledgeisnotcostlesstotransmit. Avastvolumeofliterature
from the field of innovation studies demonstrates that organizational ability to access and
use knowledge often requires complementary skills, assets and prior experience, which
implies a considerable and ongoing knowledge of investment commitments. This makes
knowledge “sticky” and difficult to share and transfer. A key lesson from these studies is
that the ability of an organization to capture and effectively use knowledge external to the
organization (termed in the literature as organizational absorptive capacity) depends on
being engaged in one’s own knowledge creation and innovation activities. It is therefore

' One widely accepted classification groups KBC into three types: computerized information (software and databases), inno-
vative property (patents, copyrights, designs, trademarks) and economic competencies, including brand equity, firm-specific

human capital, networks of people and institutions, and organizational know-how, all of which increases enterprise efficiency
(OECD, 2013).
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difficult to free-ride on the creation of knowledge by others (Cohen & Levinthal, 1990).

The willingness and ability to build and promote absorptive capacities within firms
on the one hand, and the breadth, quality and international range of the Universities
on the other, seem to determine the types and intensity of interactions between
Universities and economic agents. In particular, high levels of absorptive capacity
in firms increase opportunities to search for- and engage in collaborative activities
with Universities (Laursen et al., 2011). For example, Laursen et al. (2011) find that
firms located close to a lower-tier university (in the UK) reduce the propensity for
firms to collaborate locally, while co-location with top-tier universities promotes col-
laboration. Firms appear to give preference to the research quality of the university
partner over geographical closeness. This is especially true for high-research and
development-intensive firms.

Nonetheless, Fitjar and Gjelsvik (2018] find that (Norwegian] firms sometimes prefer
to collaborate with local Universities, rather than with higher-quality universities at
a distance. Firms’ choices are not only based on the fact that knowledge transfer
across distance is costly, but also that collaborating locally reduces the risk of in-
formation loss when the knowledge is transferred, as well as costs. There are also
other reasons that could explain the observed collaboration patterns. For instance,
if the local university can make a useful contribution, this may be considered as
“good enough” from local firms. Firms may also see collaboration as a long-term
investment, thereby helping to build research quality at the local university with the
hope of reaping benefits in the future. Firms may also want to contribute to the local
community by supporting the local/regional HEI.

The discussion above suggests that knowledge interactions with Universities depend
on whether collaborating firms are embedded in the globalized knowledge economy,
whether they have developed strategies and practices for their own learning and
whether Universities themselves have the quality and ability to build and improve
their teaching and research on the basis of external collaborations.

On the other hand, it is wrong to think of knowledge interactions between Universities
and economic actors as an exclusively dyadic relationship phenomenon. There is a
large body of literature showing that the knowledge base of any modern industry is
not internal to (i.e. is not entirely possessed and contained within) any individual
firm. It is not even internal to a group of firms or an entire economic sector. The
knowledge bases are distributed across a range of technologies, actors and indus-
tries in modern economies (David & Foray, 1999). And this is precisely why the role
of Universities is of strategic importance. Modern economic growth is not only based
on the creation of new firms such as Google, Apple, etc. or on new economic sectors
(i.e. ICT). It is also based on the internal transformation of extant economic sectors
and their continuous technological and business model upgrading (Smith, 2002).
Therefore, the capacity to transform and develop extant business models resides
on complex “innovation and entrepreneurial systems” that create, process and dis-
tribute advanced knowledge. Understanding how these complex systems structure
knowledge interactions in relation to Universities is critical. In the next sections we
discuss two key concepts: the concept of (knowledge-intensive business) clusters
and the concept of innovation ecosystems.
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2.2 University-based clusters

Porter (1998, p. 78) defined clusters as: “geographic concentrations of interconnected
companies and institutions in a particular field. Clusters [...] often extend downstream to
channels and customers and laterally to manufacturers of complementary products and
to companies in industries related by skills, technologies, or common inputs. Finally,
many clusters include governmental and other institutions - such as universities, stan-
dards-setting agencies, think tanks, vocational training providers, and trade associa-
tions - that provide specialized training, education, information, research, and techni-
cal support”. In the same paper, Porter argues that clusters are a prevalent feature of
the globalized economy, and the reason they are prevalent is that they provide a form
of regional “competitive advantage” by enhancing productivity (through specialization
and low transaction costs), innovation and new firm formation within them. Some of
the clusters Porter studied stem from commercialization ideas and companies based
on university research, e.g., several clusters located in Massachusetts originating from
research conducted at MIT and Harvard. Porter’'s message to policymakers is clear:
“Governments should promote clusters formation and upgrading and the build-up of
public or quasi-public goods that have a significant impact on many linked businesses”
and he adds “[..] Universities have a stake in the competitiveness of local businesses”
(Porter, 1998, p. 90).

Porter’s ideas reverberated in national and regional policies, with a large number of
OECD countries introducing cluster policy schemes from the 1990s onward. In Norway,
for example, The Arena Programme was launched in 2002, the Norwegian Centres of
Expertise (NCE) in 2006 and the Global Centres of Expertise (GCE) in 2014.

A lot of research has been done on business clusters since the seminal work of Porter
in the 1990s. Important themes in this research are the study of different dimensions
of proximity, lock-in trajectory situations, a related/unrelated variety of industries and
technologies in clusters and, particularly after the recent economic crisis, factors that
constitute more resilient regions and clusters (see for example Boschma, 2015), etc.

But what exactly do we know about the role of universities in business clusters and related
science parks? Probably the best way to answer this question is to investigate how the
EU conceived its cluster and regional policies. The EU developed an entirely new type
of policy thinking and policy instruments, first based on the idea of cluster policies that
evolved to the idea of knowledge-intensive clusters in the form of Regional Research
Intensive Parks and Science Parks (European Commission, 2007) and gradually moving
on to the ambitious Smart specialization platform policies (Radosevic, 2017). In all these
Smart specialization policies, the role of science parks is essential, as it is mandatory
that in the management of science parks universities participate in all important deci-
sion-making processes.

According to UNESCO? a, ““Science and technology park encompasses any kind of high-tech
cluster such as: technopolis, science park, science city, cyber park, high-tech (industrial)
park, innovation centre, R&D park, university research park, research and technology park,
science and technology park, science city, science town, technology park,technology incuba-
tor, technology park, technopark, technopole and technology business incubator.”

% See: http://www.unesco.org/new/en/natural-sciences/science-technology/university-industry-partnerships/sci-
ence-and-technology-park-governance/concept-and-definition/
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The degree of involvement of Universities in the science parks varies across coun-
tries. For example, while all science parks in the UK are university initiatives (Siegel
et al., 2003), in many other countries, including the US, Australia, Japan, France,
Portugal, Spain and lItaly, the degree of involvement of universities varies hugely.
Albahari et al. (2017) investigated 25 Spanish science parks with 6,000 firms as
tenants and more than 160,000 employees (in 2014). Albahari et al. (2017) identify
four types of science parks: a) Pure Science Parks, in which the university is the
major shareholder; b] Mixed Parks, in which a university is a minority shareholder;
c) Technology Parks with a university, where there is no university shareholding,
but where some university research facilities are located in the park; and d) Pure
Technology Parks, in which universities have no formal involvement. The study found
that pure science park firms show the highest patenting performance and lowest
product innovation levels, while pure technology park firms perform best for sales of
new to the market products and worst for patenting.

Another example of a relatively recent study of science parks is Minguillo and Thelwall
(2015). This study analyses co-authorships (1975-2010) with organizations located
in UK Science Parks in order to identify the role universities play. The main result
of this bibliometric study is that most collaborations of firms in science parks are
with off-park organizations, but that academic institutions are the primary source
of knowledge and competence for on-park industries. Geographical proximity is a
significant factor of research collaboration in science parks, but only in conjunction
with the research quality of the knowledge source [i.e. the university). Furthermore,
the same study finds that firms located in science parks mainly collaborate with ex-
ternal (off-park] partners because of the quality and relevance in the knowledge and
expertise they can offer.

Another example of an interesting recent study from US science parks is Hobbs et al.
(2017b). This study found that the distance between the science park and its univer-
sity negatively affects the rate of employment growth of firms in the park. Hobbs et
al. (2017a) also provide a comprehensive review of the literature from science parks.
In summary, the overall evidence from this literature review converges into the con-
clusion that the proximity and research quality of the university in the relevant cog-
nitive areas matter for the success [i.e. technological impact, economic growth and
international recognition) of science parks. On the other hand, the carefully crafted
study from Spain (Albahari et al., 2017) warns that university participation in sci-
ence parks does not necessarily promote innovation as such (i.e. product innovation)
among firm tenants.

Evaluations of the Norwegian Cluster Schemes

In 2016, Innovation Norway commissioned an official and comprehensive evaluation
of 47 cluster projects in Norway, three Global Centres of Expertise (GCE), 15 NCE
projects and 29 ARENA projects (Samfunnsgkonomisk Analyse AS, 2017).

The evaluation assessed: a) whether there is still a policy rationale for the cluster
programme [i.e. if there exist market or systemic failures); b) Whether the clus-
ter projects achieved their objectives and whether all the cluster projects together
contributed to achieving the overall programme objective; and c] the quality of the
management of the cluster programme. The overall objective of the three cluster
programmes (i.e. GCE, NCE and ARENA] is to trigger a collaboration-based value
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creation that would not otherwise have happened, and to reinforce and accelerate the
existing collaboration between cluster participants.

The evaluation did not particularly focus on the impact of Norwegian universities on the
firms participating in the cluster projects. Having said that, the evaluation found clear
evidence that collaborations between cluster firms in the same cluster have doubled
in the Arena projects, and more than doubled in the NCE projects. There has also been
a significant increase in collaboration between cluster firms and R&D institutions in the
same cluster project, i.e. both research institutes and Universities (Samfunnsgkonomisk
Analyse AS, 2017, p. 86).

The evaluation did not provide data allowing the direct measurement of whether clus-
ter firms increased their innovation activities or not as a result of their participation in
the cluster projects. However, the evaluation found an increase in the number of R&D
projects with support from the Norwegian R&D tax credit scheme, SkatteFUNN, which
is taken as an indication of an increase of the number of innovation projects generated
by the cluster projects, and that cluster firms reported a significantly larger number of
SkatteFUNN applications than other firms. The evaluation also found significant eco-
nomic growth effects for the participating cluster firms.

For the three existing GCE projects, the evaluation has clearly shown that these projects
are systemically important for the Norwegian economy since they involve a large number
of cluster participants, and also contribute to the transition process away from oil and
gas dependence. All three GCE cluster projects are closely linked to the rapid ongoing
restructuring of the oil and gas sector.

Additionally, the scheme of Norwegian science parks managed by SIVA, a public enter-
prise owned by the Norwegian Ministry of Trade and Fisheries, has been evaluated, with
the latest in 2015 (Jakobsen et al., 2015). Statistics Norway also produced a more quan-
titative analysis of the economic impacts of SIVA's activities in 2018. Neither of these two
evaluation reports investigated in any detail what role the Norwegian universities play in
the science parks (forsknings- og kunnskapsparker) or in Norwegian technology parks
(Neeringsparker). Investments in science parks by SIVA amounted to 48% in 2013, with
both evaluation reports showing positive economic effects from SIVA activities.

Overall, these are quite positive results for the Norwegian cluster and science park pol-

icies, but there is still an open question as to whether universities should/can increase

their impacts:

¢ on the economic value creation occurred in the cluster projects;

¢ on the quality and volume of innovation projects generated; and

¢ on the quality of research instigated by the collaboration between universities and
cluster firms.

If we look back at the international literature, there is certainly much more to say in the
future about the organizational forms and types of clusters and science parks, and the
impacts of universities therein.

2.3 University innovation and entrepreneurship ecosystems

The notion of an ecosystem carries a very different set of connotations and implica-
tions than those of a “network” or “cluster”. An ecosystem implies a complex, dynamic,
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emergent system that constantly adapts to its environment, sometimes in unexpect-
ed ways. Valkokari (2015) provides a conceptual discussion of the different uses of
the concept of an “ecosystem” in conjunction with the concepts of “knowledge”, “in-
novation” and “business”.

The first use of the term ecosystem to describe a business environment can be traced
back to James Moore, in his 1996 book, The Death of Competition. One of the first
publications adopting the concept of entrepreneurial ecosystem was Isenberg (2010).
Isenberg claims that “The entrepreneurship ecosystem consists of a set of individual
elements—such as leadership, culture, capital markets, and open-minded customers—
that combine in complex ways.” There are good reasons to claim why innovation, in
general, and not only entrepreneurship, should be studied as an ecosystem phenom-
enon (Carlsson et al., 2002; Castellacci & Natera, 2013; Zahra & Wright, 2011). Autio
et al. (2014) introduced the notion of entrepreneurial innovation ecosystems, under-
stood as a set of interconnected actors that coalesce and respond to both policy and
(macroleconomic signals. All these publications underscore the role of universities
as an important source of development of human, knowledge and entrepreneurial
capital.

In the context of this report, there are several semantic advantages in adapting the
notion of an “ecosystem” in the sense that it is commensurate with certain fun-
damental challenges universities face in dealing with the increasing complexity of
innovation processes. These challenges are the following:

e The share of international, collaborative and interdisciplinary knowledge produc-
tion is constantly increasing, thus posing challenges for traditional disciplinary
academic research, which often depends on individual star researchers and
their research groups. Interdisciplinary innovation is clearly more demanding to
organize and manage.

e Increasing organizational and coordination complexity implies more systematic,
even systemic, innovation approaches. The hypothesis is that individual academ-
ic spontaneity and an entrepreneurial spirit is not enough any longer.

e The nature of innovation knowledge exchanges is hence moving towards more
complex patterns of knowledge co-creation and co-location (such as innovation
clusters, multi-actor centres led by universities or the industry, public-private
partnerships between government, industry and universities, etc.).

Innovation processes are - as we shall see in the next section of this chapter - broad-
ening to include technological, social and economic innovation. It is claimed that
universities have a central role to play here due to the breadth and depth of their
research and education activities. The world is increasingly seeking systemic ap-
proaches to pressing challenges linked to topics like digitalization and sustainable
development, which can only be addressed within a multiple actor perspective in
interaction with each other and with their societal environments.

An important insight from the ecosystem literature is that in order for an organiza-
tion, in our case this organization is a university, to survive and thrive, the key factor
for success is to understand that different forms of interaction are required in differ-
ent ecosystems. Top-down authority is usually not a prevalent future in socially con-
structed ecosystems. Yet, Valkokari (2015) claims that that knowledge ecosystems
are not self-organized entities either: “They are rather organizational designs that are
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held together on the condition that their members are in formal or informal agreement about
shared purpose and operation modes (logic of action).” Understanding the coordination
mechanisms and their evolution over time is important, for one’s own strategic deci-
sion-making and for influencing reformulations of a “shared purpose”.

The entrepreneurial society

In a highly-cited paper, Audretsch (2014) shifts our attention to the broader implications
of entrepreneurship as an emerging economy-wide, macro-phenomenon. For example,
he argues that, “As the economy has evolved from being driven by physical capital to knowl-
edge, and then again to being driven by entrepreneurship, the role of the university has also
evolved over time.” In order to underscore this difference and make his point, Audretsch
refers to another seminal paper by Etzkowitz (1983), who introduced the notion of both
“entrepreneurial scientist” and “entrepreneurial university”, claiming that, “The entre-
preneurial university integrates economic development into the university as an academic
function along with teaching and research. It is this ‘capitalisation of knowledge’ that 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.”

On the other hand, in an entrepreneurial society, Audretsch (2007) and Audretsch (2014)
argue that the role of the university is broader than just being an “entrepreneurial uni-
versity”. The key task of universities today is to create an overall entrepreneurial think-
ing and entrepreneurial capital in order to contribute to a dynamic economy and to an
entrepreneurial society. In other words, modern universities need to facilitate innovation
and entrepreneurial-driven economic growth through new organizational models, new
curricula and new research programmes that are conducive to entrepreneurial activities
in the society. The point is the development of innovation, intrapreneur and entrepreneur
skills among students and academic staff, encouraging entrepreneurial culture and de-
veloping inter-relationships among groups of entrepreneurs, innovators, venture capi-
talists, business incubators, policy actors, etc. (Guerrero et al., 2016).

Yet, modern universities are themselves multi-faceted organizations. The increasing
complexity of interactions between diverse innovation stakeholders and innovation and
entrepreneurial arenas poses considerable challenges, in which differing objectives, cul-
tures and norms co-exist in universities’ organizational logics. With the need to embrace
and interact in such complex open innovation ecosystems, universities are facing ten-
sions in balancing traditional and new missions and tasks; as a result, the organizational
models of universities are in a state of transition in many countries (Guerrero et al., 2016;
Miller et al., 2014). Some of these tensions will be discussed in greater detail in other
chapters of this report, yet it is important to mention here that there are concerns as to
whether universities, especially universities in Europe, learn, adapt and reform them-
selves fast enough (Maasen & Olsen, 2007).

2.4 Trends in R&D and innovation policies and universities

R&D, innovation and higher education policies are shaped by the broader trends and per-
spectives presented above. For decades, the EU and OECD have been the international
policy development hubs, instrumental for understanding national policy developments,
including in Norway. It is possible to distinguish between three broad waves of innovation
policy paradigms of pivotal importance for universities’ engagement with their innovation
roles: a) the linear science policy paradigm; b) the national and regional innovation sys-
tem paradigm; and c] the transition policy paradigm. All three of these innovation policy

23



24

Report 2019

paradigms co-exist in one form or another, thereby influencing current innovation
policies in all advanced economies.

The linear model - science push

This policy paradigm of the 1950s and 60s understood innovation as an economic
activity that directly builds on basic research breakthroughs and scientific discover-
ies. In short, scientific discoveries lead directly to innovations and economic growth.
As such, capacity issues (i.e. the level of funding and the human resources of R&D
in different scientific fields in universities, research institutes and in the business
sector) were the primary concern of the policies of that period. The implicit under-
standing of innovation processes in this linear model is that innovations start with
the basic research (scientific breakthroughs), that it gradually propagates to a more
detailed and more elaborate body of knowledge in the form of applied research and,
finally, that it becomes commercial and technological useful knowledge in the form
of development research and commercialization.® The assumption that there is a
one-way stream of learning from the basic to applied research, from applied re-
search to development research and from that to innovation and economic growth is,
heuristically, labelled the “linear model” of innovation or the “science-push model”.
The intervention logic of this policy paradigm was to build a sufficient level of ro-
bust research capabilities at national and regional levels that will produce scientific
knowledge which - through a chain of knowledge propagation mechanisms — will
eventually bring about technological change and economic growth.

National and regional innovation system policies

Gradually, and especially during the 1990s, linear model policies were superseded
by a new generation of policy thinking that emphasized the complex and systemic
nature of the innovation process. The interplay and collaboration between various
types of knowledge actors (Lundvall, 1992; Edquist, 1997) was a central question
and concern. In this new line of thought, innovation is the result of collaborations,
networks and interactive learning across diverse types of actors, each controlling
different, unique and often complementary sets of knowledge, capabilities and re-
sources. Unless this diversity of capabilities and resources are not successfully
organized, innovation will never happen. Furthermore, the spatial embeddedness
and the broader social and economic context, such as markets, competitors, insti-
tutions, infrastructures and policy frameworks, also shape the direction and impact
of innovations. Hence, there is more to explain as to how innovations occur than the
knowledge-push factors underlying these processes. Firms, universities and other
knowledge institutions are of course still key constituents of the innovation process-
es, but they need inputs to connect to and learn from users, customers, collabora-
tors, competitors and regulators. Thus, the architecture, the creation of linkages
and the governance of the “innovation system” becomes a central policy priority in
all advanced knowledge-based economies. This “systemic approach” implied that
universities must, in addition to their traditional roles as educational and research
organizations, open up and systematically collaborate with other key actors of the
innovation system, in particular the regional and national industry, the public sector
and the government.

3 The first edition of the OECD’s comprehensive standard for measuring R&D activities, the Frascati Manual, was
published in 1963. Among many fundamental conceptual clarifications, the Frascati Manual also classifies all R&D
activities into three generic categories, i.e., “basic”, “applied” and “developmental” research.
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This dynamic interplay between these three sectors has been coined by Etzkowitz and
Leydesdorff (1998) and Etzkowitz and Leydesdorff (2000) as the Triple Helix, a metaphor
alluding to the concept of the double helix of DNA. The authors argue that because the
double helix of the DNA has a specific structure, and because this structure determines
the genotypes of its living entity, the structure, quality and strength of interactions be-
tween academia, industry and the government determine the rate and probability of suc-
cess of innovation activities in a given national innovation system.

In the EU, the key policy discussion in the late 90s revolved around the issue of the
“European paradox”. This discussion referred to the question of why European science
produces top-level scientific output and yet fails to transform its knowledge to gain a
competitive advantage and to wealth-generating innovations. In particular, European
policymakers worried that the main cause of the “European paradox” was that European
universities lacked the entrepreneurial dynamism exhibited by the American universi-
ties, for example, MIT. Dosi et al. (2006) objected that Europe's weaknesses reside in
both its system of scientific research and in a relatively weak innovation capacity of its
industry (Dosi, Llerena et al., 2006). Either way, the policy implications of this debate was
the urgent need to reconsider the quality of European research, to reform the European
university system and, especially, to strengthen the university-industry R&D interactions
and entrepreneurship (see also the discussion on the European paradox in 5.2.3 in this
report).

The EU policies designed to address these issues also had a considerable impact on
the Norwegian policies in two different ways: 1) directly, i.e., as Norwegian researchers
participated in various EU policy schemes and education policy processes, such as the
EU’s R&D Framework Programmes, the Bologna Process, etc. (Langfeldt et al., 2012);
and 2] indirectly, by adopting these policies within the country, adjusting national laws
and developing new national policy schemes that themselves were, into a large extent, a
response to impulses from these international and EU policy developments.

The socio-economic paradigms and system transition policies

With the advent of the 21st century, global challenges such as climate change, the need
to pursue sustainable economic growth paths, digitalization, population ageing, etc. have
served as a motivation for new types of innovative policy thinking. In this context, the
policy problem is how to change the evolutionary paths of entire techno-economic tra-
jectories (Perez, 2002), that is, the set of interrelated technologies, organizational and
business models and markets by reducing the destructive nature and social costs asso-
ciated with these path transitions (Stiglitz & Greenwald, 2014).

This new line of policy thinking is therefore not only concerned with the good governance
of the national and regional “systems of innovation”, but also addresses questions as
to how transitions between various “socio-technical systems” occur or should occur,
for example, the ongoing transition from carbon-based to carbon-free technological
trajectories.

The turn to such large-scale socio-technical transitions calls for a better understand-
ing of the broader societal interactions beyond the R&D and innovation policy domain.
Moreover, whereas science and technology-based (STI) innovation policies prioritize
R&D support and innovation system policies emphasis on networks, clusters, indus-
try-university collaborations, etc., the new mission-oriented and socio-technical tran-
sitions policies acknowledge the importance of other types of social and civic actors
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in innovation (Nelson, 2011; Schot & Steinmueller, 2016, 2018; Fagerberg, 2017;
Mazzucato, 2017).

These insights transcend the techno-economic rationale of traditional industrial
policies, and highlight the need for a better understanding of how the sustainability
agenda implies altered mentalities, values and lifestyles. System change implies the
reconfiguration of entire socio-technical structures of production and consumption.
This refers to the need for prioritizing certain policy goals over others, which implies
power struggles and conflicting interests between the actors of existing and new so-
cio-technical regimes (Smith et al., 2005; Shove & Walker, 2007; Meadowcroft, 2011).

The types of failures justifying the transformational mission-oriented policy para-
digm are not any more market (linear model paradigm) or system (innovation sys-
tem paradigm) failures. In this third innovation policy paradigm, there is a case for
system directionality failures, demand articulation failures and policy coordination
failures (Weber & Rohracher, 2012).

The important point to make here is that R&D and innovation policy instruments
have evolved though the three policy paradigms from grants funding individual re-
searchers, through bilateral university-industry collaborations of increasing orga-
nizational and coordination complexity, to even larger and more complex emerging
programmes designed to address systemic shifts and socio-technical transitions
(Technopolis, 2019).

2.5 A concise picture of Norwegian innovation
policy landscape and universities

The preceding discussion is of course relevant for understanding the trajectories of
Norwegian higher educational institutions. The objective of this section is to provide
a succinct account of how Norwegian innovation policies understand and shape the
role of the universities over the last few years.

In 2017, the OECD conducted an independent assessment of the overall performance
of the Norwegian innovation system. The OECD (2017) assessed the performance of
the national policy system at the government and agency (i.e. the Research Council
of Norway, Innovation Norway and SIVA] levels, as well as the level of R&D and in-
novation performing organizations. We briefly summarize some of the main findings
pertaining to universities:

The key finding of the assessment was that the Norwegian innovation and economic

system must tackle what is coined as the “triple transition imperative”, i.e., to:

e Move towards a more competitive, effective and efficient innovation system;

¢ Shift towards a more diversified and robust economy that is less dependent on oil
revenues; and

e Achieve these structural transformations while supporting research and innova-
tion that can confront an array of societal challenges.

It is unclear how prepared Norwegian universities are to adjust and to contribute to
this triple transition.
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At the level of R&D performing sectors, the OECD report considers the relatively size-
able public research institute sector, the universities and hospitals, and points to a
long-standing national concern over the insufficient excellence of research in Norwegian
higher education. These concerns were highlighted in the Long-term Plan for Research
and Higher Education 2015-2024 and are renewed in its first revision for the period
from 2019-2028. Also, the Productivity Commission report, “At a Turning Point: From
a Resource-Based Economy to a Knowledge Economy”, which was published in 2016,
addressed concerns about Norwegian academic excellence.

More specifically, the OECD points to several indicators which suggest that the perfor-
mance and impact of the Norwegian public research system is good, but not necessarily
outstanding, especially in areas of importance to national competitiveness or those aim-
ing to tackle global and national societal challenges. The OECD assessed that the two
main reasons for Norway s underperformance in scientific excellence are: a) the frag-
mentation and lack of critical mass in the dominant national universities; and b) the lack
of a strategic approach underpinning human resource policies within the universities.
The OECD’s key recommendation for further developing national scientific excellence is
to continue funding centres of excellence [CoEs] as an effective external driver of change
towards a higher quality in the public research sector.

Regarding the competitiveness of the Norwegian innovation system, the OECD finds that
there is a good match between the scientific specializations and the pivotal Norwegian in-
dustrial clusters, particularly within petroleum, fisheries and aquaculture, the maritime
sector, marine biology and environmental technologies. Klitkou and Kaloudis (2007) are
one of several published articles corroborating this finding. Nevertheless, there is still a
need to broaden and diversify the national economy. The strong positions established in
these sectors are also an important asset for a successful diversification of the economy.
The challenge for innovation policies and universities is therefore to create incentives for
transition and growth from established sectors in the economy to ones that are new and
structurally related to the old sectors.

The OECD 2017 also reviewed the structure of the research and innovation policy scheme
landscape in the country. Figure 2 below provides a comprehensive illustration of the
most important policy measures.

The most conspicuous feature of the Norwegian R&D and innovation policies over the
last two decades is the steadily increasing public funding to support business innovation
in Norway. The Research Council of Norway (RCN] funds key innovation policy schemes
that require participation from business or public sectors, such as the Skattefunn R&D
tax incentive scheme, the User-driven Research-based Innovation Programme (BIA), the
Centres of Research-based Innovation (SFI) and the Centres for Environmental-friendly
Research (FMEs). Innovation Norway provides seed funding for start-ups and also funds
national innovation clusters centres (NCEs and GCEs), and together with the RCN offers
a comprehensive portfolio of financial support schemes and technical services to sup-
port business innovation.

All these policy measures provide incentives, one way or another, for collaboration be-
tween industry and Norwegian academic and research institutions, and hence are im-
portant for our analysis. In particular, we focus on the university-industry collaboration
and university-industry research centres in Chapter 4.
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Figure 2.1: Overview of Norway's main research and innovation support schemes and
programmes by funding agency and by relevance to the different types of innovation
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The most noteworthy new policy instrument in the Norwegian R&D and innovation
policy landscape established after the OECD assessment in 2017 is The Norwegian
Catapult Programme, a new policy measure designed to assist the establishment and
development of catapult centres, with the purpose of accelerating the innovation pro-
cess in Norwegian business sectors with great economic potential. The programme
is managed by The Industrial Development Corporation of Norway (SIVA] in partner-
ship with Innovation Norway and the Research Council of Norway. It is unclear what
role universities should play in these catapult centres, and yet there are possible
and multiple complementarities between these catapult centres and many of the
R&D, innovation and entrepreneurship activities of universities, including the large
research infrastructure projects funded by the “National commitment to Research
Facilities” programme of the Research Council of Norway. Although these facilities
are targeted towards exploration of the research frontiers within their respective
fields, there is clearly a scope for a new type of collaboration between these univer-
sity research infrastructures, catapult centres and industrial research facilities. To
the best of our knowledge, there are no strategies as to how to systematically search
and exploit such complementarities.

Other important recent changes in the Norwegian policy landscape worth noting in

this report are:

e There is an ongoing process aiming at a better alignment and simplification of the
policy measures directed to the business sector in Norway, initiated by the Ministry
of Trade and Industry. It is very early to estimate what probable effects this process
may have on universities’ engagement with the policy measures and agencies in
question (i.e. RCN, Innovation Norway and SIVA).

¢ Independently from the realignment of the business innovation policy measures
process mentioned above, it has already been decided that local municipalities and
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countries will receive more autonomy in implementing regional innovation policy on a
greater scale than before, which is a consequence of the restructuring of the county
administration level in Norway (i.e. Regionreformen, 2020). Hence, the regional R&D
funding scheme (RFFs] is expected to increase in volume, but it is also possible to see
more thorough changes in the interface between the regional and national R&D gover-
nance levels (Kolltveit, 2017).

* A series of more recent (i.e. published after the OECD’s assessment from 2017) eval-
uations of policy measures such as SFls, FMEs, the cluster schemes, NCEs and GCEs
(commented above), the industry-oriented research institute sector, etc. indicate that
it is challenging to evaluate the innovation impact of these schemes in general, and in
particular the innovation impact of the participating universities. Here, there is a scope
for all participants funded by these schemes, especially NTNU and SINTEF, to explore
and develop new methods for documenting pathways and types of innovation impacts
from the projects they participate in.

2.6 Policy implications

The discussion above points to some clear, broad societal trends of fundamental impor-
tance for universities. Firstly, the nature of economic growth, to a very large extent, is
knowledge-driven and innovation-based. Furthermore, there are claims in the literature
that we are probably witnessing the early phases of the ascendance of knowledge-driven
entrepreneurial economies and societies. Both observations imply that the role of univer-
sities and their three missions, education, research and innovation/entrepreneurship,
will be more and more critical in the future for the development of regions and countries,
and for achieving the UN’s ambitious sustainable developments goals.

Secondly, we identified a strand of literature suggesting that the nature of modern R&D
and innovation activities is increasingly more dependent on innovation and entrepre-
neurial networks, clusters and ecosystems that are becoming more interdisciplinary,
and they are spanning across many organizational, institutional and cultural boundaries.
Although we did not search the literature discussing digitalization and its effect on R&D
and innovation processes per se,* there is little doubt that transformative digitalization
technologies, which permeate and alter the entire fabric of our societies, also change
the way modern R&D and innovation is conducted, from agenda setting, to experimenta-
tion, to knowledge-sharing processes and public engagement (Nolan & Guellec, 2019).

It is also unclear how the new mission-oriented transition R&D policies will impact uni-
versities in the future. Well-designed policies may provide incentives for individual uni-
versities to better direct their own priorities and strategies in the context of an increasing
global division of labour.

In other words, the nature of modern research and innovation processes, especially
those involving universities, is becoming more complex and probably also more demand-
ing for individual academic research groups than previously thought. Very much due to the
trends and rationales behind the three policy paradigms we presented above, individual
researchers and research groups, even the best ones, are facing increasingly more com-
plex policy landscapes in which the funding of R&D is becoming fiercely more competi-
tive and increasingly more dependent on larger inter-disciplinary and cross-institutional
networks.

* This is a task falling out the scope of this report.
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Consequently, one can argue that more than ever individual research groups need
support from their departments, faculties and educational institutions, as well as
from the policymakers of their regions and countries in order to:

a] Understand developments in a broader policy landscape and being prepared to
meet identified challenges as early and as thoroughly as possible;

b) To plan future directions of their own research when connected to the funding
opportunities available at the regional, national, EU and global levels; and

c) To facilitate researchers with the creation and maintenance of inter-disciplinary
networks in multiple innovation and entrepreneurial ecosystems.

Provided that universities are successful with these courses of action, they should
have all the possibilities to combine and leverage in-house knowledge and capa-
bilities stemming from very diverse cognitive areas, which until recently were not
considered as pivotal in innovation processes, such as Humanities, Social Sciences
and Law, in addition of course to Natural Sciences, Medicine and Engineering. Today,
organizing such interdisciplinary combinations are challenging, given the explicit
disciplinary model most universities are organized around and funded with. Even
so, the imperative of socio-technical shifts represent considerable opportunities for
those universities that can understand, engage and shape transformative innovation
processes on a global economic and policy formation scale.
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3. University-industry channels - an overview

In this chapter, we provide an overview of the main interaction channels between univer-
sities and the business sector, and we discuss their relative importance to their innova-
tion impacts.

In a knowledge-driven economy, universities play a vital role in creating new knowl-
edge - solely or in collaboration with external actors, of which knowledge is transferred
or integrated into society in general, and into the public or private sector in particular.
Firms’ interaction with universities may grant access to specialized knowledge and the
opportunity to conduct high-quality research (Hussler et al., 2010; Laursen & Salter,
2004; Raesfeld et al., 2012), thereby creating new possibilities for innovation develop-
ment (Mansfield, 1991; Cohen et al., 2002; Dahlander & Gann, 2010).

University-industry interactions are therefore important to many firms’ innovation devel-
opment and a top priority for policymakers (Ankrah & Al-Tabbaa, 2015; Galdn-Muros &
Plewa, 2016; Estrada et al., 2016). The policy support for university-industry interactions
has thus increased in recent decades, fuelled by the goal of increasing the rate of innova-
tion in the economy (Spencer, 2001; Cohen et al., 2002). Scholars have followed this de-
velopment and recognized a range of factors that lead firms to interact and collaborate
with universities and draw knowledge from them (Bruneel et al., 2010) (see e.g. Tether,
2002; Laursen & Salter, 2004; Mueller, 2006).

The interactions between universities and firms unfold through various formal and infor-
mal channels (Bekkers & Bodas Freitas, 2008; OECD, 2019). This chapter first presents
10 channels for knowledge transfer distinguished by the OECD (2019) that encompass-
es a broad overview of the channels found to be of importance for university-industry
interactions.

3.1 Ten types of channels for university-industry interaction

The 10 channels are divided into five formal- and five informal channels (see Figure 3.1).
Formal channels include collaborative research, intellectual property transactions, re-
search mobility, academic spin-offs and university graduates joining industry.

Informal channels include research publications, conferences and networking, facility
sharing and the continuing education of company employees (OECD, 2019). In the follow-
ing, each channel is presented, starting with the five formal channels:
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Figure 3.1: Channels for knowledge transfer (OECD, 2019, p. 31)
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Collaborative research refers to research projects carried out by university research-
ers. These projects can be partially or fully funded by industry, and range from small-
to large-scale projects. Small-scale projects often happen through contract services
and academic consultancy, in which firms commission universities to perform re-
search, while long-term strategic partnerships often consist of multiple actors as
stakeholder, such as in university-industry research centres (see Chapter 4.4 for
more details on research centres). Research services are often established to solve a
concrete firm challenge or to create new knowledge in line with the specifications of
the firm, and are generally more applied than research taking place in, for instance,
research centres (OECD, 2019; Perkmann & Walsh, 2007).

Intellectual property (IP) transactions refer to the licensing and selling of IP, such as
patents and licenses generated by universities to the industry.

Research mobility includes both permanent and temporary assignments of univer-
sity researchers working in the industry and the converse, such as the Professor
[l position in Norway. In general, research mobility is deemed to be of importance,
because these individuals will act as what is often termed as “knowledge brokers”
or “boundary spanners” between universities and industry actors, as these individ-
uals are knowledgeable about both the university and industry sectors (Rosli et al.,
2018; Haas, 2015). As such, these individuals can therefore be important channels,
or links, which could create better relations and interactions between university and
industry partners.

Academic spin-offs are when university researchers (or graduates) develop and com-
mercially exploit knowledge and/or technologies through a company they own, which
are often the outcomes of research conducted by these academics.

Labour mobility refers to university graduates who join industry. This channel is often
deemed to have one of the biggest impacts on the industry, particularly in some dis-
ciplines and industry sectors, based on the share numbers of students who graduate
every year. Accordingly, Balconi and Laboranti (2006) argue that students are the
most important form of knowledge transfer in the electrical industry.

Informal channels of university-industry interaction that diffuse knowledge from
universities to industry, and conversely, include the following:
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Research publications are academic writings presented in academic journals and other
specialized media. Science-intensive sectors such as biotechnology and pharmaceuti-
cals have strong complementarities with basic academic research and their firm’'s R&D
tend to be able to utilize research publications (Meyer-Krahmer & Schmoch, 1998; Cohen
et al., 2002; Perkmann & Walsh, 2007).

Conferencing and networking concern the interaction between university researchers
and industry representatives. These interactions can take place in formal conferences
or dissemination events, but also in more informal settings such as meetings with- and
having contact with former classmates employed in universities and industry (Perkmann
& Walsh, 2007; OECD, 2019). These networks are recognized as important for develop-
ing and maintaining university-industry collaborations (Powell et al., 1996; Steinmo &
Rasmussen, 2018).

Geographic proximity often facilitates networking and informal interactions between uni-
versity and industry researchers. These informal encounters may be facilitated by locat-
ing science parks near university campuses, by firms’ laboratories within university cam-
puses or by using the university facilities for a firm’s research (OECD, 2019). Research
shows that collaborative research is often conducted locally (D'Este & lammarino, 2010;
Mansfield & Lee, 1996), as well as in more peripheral regions (Johnston & Huggins,
2016), which implies the importance of having research institutions in close geographi-
cal proximity to industry. A large database of patent applications for 35 OECD countries
and China from 1992-2014 shows that 50% of all industrial inventive activity occurred
within 30 kilometres of a university (OECD, 2019), which indicates universities’ impor-
tance for economic growth of their nearby regions (Mueller, 2006).

Facility sharing refers to university and industry partners who share infrastructure, such
as laboratories and equipment. It is often expensive to build up a lab; thus, universities
often have labs that could be used for both the training of students and doing research
for industry. A Norwegian example is the High EFF Lab, which is an advanced research
facility to be hosted by SINTEF and NTNU, and one built with a price tag of approximately
50 million NOK. The centre was built as a means to fulfil the goals of research centre
HighEFF, which is to enable a reduction in specific energy use and a reduction in climate
gas emissions for Norwegian industry (Claussen, 2019).

Training includes courses and continuing education provided by universities to firms, but
also lectures held by industry employees at the university. Training is also linked to la-
bour mobility, and for firms there are also possibilities to engage with students during
their education.

These 10 channels for knowledge and innovation development between universities
and firms are distinct, but still connected. Accordingly, scholars have emphasized that
university-industry interaction takes place through a mix of formal and informal chan-
nels (Perkmann & Walsh, 2007; Perkmann et al., 2013; Bekkers & Bodas Freitas, 2008).
Consequently, scholars have tried to distinguish and cluster the different channels
through various conceptualizations that focus on different aspects. For instance, Howells
et al. (1998) focus on the levels at which channels are maintained (e.g. individual, group,
department, consortial, with Poyago-Theotoky et al. (2002) focusing on whether channels
are based on industrial-pull logics or university-push logics. However, these conceptu-
alizations fail to grasp the relational aspects of university-industry interactions, which
are found to be one of the most important aspects for successful university-industry
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interactions (Perkmann & Walsh, 2007; Steinmo, 2015; D'Este et al., 2013). Hence,
the conceptualization by Perkmann and Walsh (2007) is presented next, as the au-
thors are able to distinguish, cluster and show the relational involvement inherent in
the different channels.

3.1.1 A typology of university-industry channels

Perkmann and Walsh (2007) distinguish and cluster the different channels® by dis-
tinguishing them by the relational involvement between university and industry part-
ners expected to take place in the channels (see Table 3.1). The authors distinguish
between high involvement “relationships”, such as collaborative research through
research partnerships and research services. Next, medium levels of relational
involvement are expected to occur through “Mobility”, and thus through the chan-
nels of academic entrepreneurship and researcher- and labour mobility. “Transfer”
activities such as licencing and IPR are expected to have low levels of relational
involvement.

Table 3.1: A typology of university-industry channels (Perkmann & Walsh, 2007, p. 263)

Extent of relational involvement

High: relationships Medium: mobility Low: transfer
Research partnerships Academic entrepreneurship Commercialization of IP (e.g. licensing)
Research services Human resource transfer

Use of scientific publications, conferences and networking (can accompany all forms)

Perkmann and Walsh (2007) build on Schartinger et al. (2002 in their claim that
it is “relationships”, such as actual research collaborations, that have the highest
level of relational involvement, and are more suited for transferring tacit knowledge
between firms and universities since they are likely more based on face-to-face
contact. Working in such collaborative partnerships, university and industry part-
ners are expected to work together and produce common outcomes. In contrast,
“transfer” through, for instance, licensing and patents, does not necessarily require
relationships between university and industry partners (Perkmann & Walsh, 2007).
Therefore, licensing and patents come closest to what is commonly referred to in the
literature as knowledge- and technology transfer (Perkmann & Walsh, 2007).

“Mobility” is classified as having an intermediate relational involvement, because
graduates starting to work in the industry are more of an infrastructural role for uni-
versities (Perkmann & Walsh, 2007). The mobility of university researchers is clas-
sified as a medium form of relational involvement, as some links with previous col-
leagues are often maintained after a researcher moves from the university to work
in an industry for shorter or longer periods of time.

Scientific publications, conferences and networking, which were presented from the
OECD (2019) framework, are expected to accompany all forms of university-industry
interaction. However, the question is then how important are the different universi-
ty-industry channels? This is the focus of the next section.

° The authors use the term “links”, as they argue that “channels” are too vague. In the literature, channels and links
are often used interchangeably, but there seems to be a stronger preference for using the term “links” over the last
decade.
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3.2 The importance of specific university-industry channels

In this section, we present empirical findings regarding firms and university researchers’
perceived importance of different channels. The section continues with an illustration of
the importance of individuals and ends with a discussion of whether university-indus-
try interactions are detrimental to academic research or not. First, regarding the per-
ceived importance of university-industry channels, Meyer-Krahmer and Schmoch (1998)
surveyed German academics, finding that for firms, formal collaborations with universi-
ties are more important than publications and patents. Similarly, Monjon and Waelbroeck
(2003), employing French CIS survey data, reported that firms had the most benefit from
contact with universities through formal collaboration. Moreover, the authors found that
a formal collaboration with foreign universities is associated with highly innovative firms,
which is similar to the findings of Steinmo and Rasmussen (2016), who found that sci-
ence-based firms were more inclined to work with the best milieus, regardless of geo-
graphical proximity.

Bekkers and Bodas Freitas (2008) surveyed both industrial and university researchers
in the Netherlands, and found that publications were deemed as the most important
outlet by both groups, followed by personal contacts. Interestingly, the instruments
usually stimulated by policymakers and university managements, such as Technology
Transfer Office (TTO) activities and university patents, received rather low ratings from
both groups of respondents. Further, Bekkers and Bodas Freitas (2008) found that the
perceived importance of the studied channels for knowledge transfer are relatively sim-
ilar between industry and university, but that university researchers generally attribute
higher importance to all knowledge transfer channels than industrial researchers do.

De Fuentes and Dutrénit (2012) surveyed firms’ R&D and product-development manag-
ers and academic researchers in Mexico, showing that all interaction channels benefit
firms. Yet, the channels related to joint and contract R&D, IPR and human resource mo-
bility (graduates and academics] were reported to have a higher impact on the long-term
benefits for firms. Further, based on a large-scale survey of R&D managers in US man-
ufacturing firms, Cohen et al. (2002) found that the main channels resulting in indus-
try impact from university research are published papers and reports, conferences and
meetings, informal information exchange, and consulting. Patents and recently hired
graduates are deemed somewhat important, whereas licensing is ranked as the least
important channel.

Most of the studies on university-industry channels were concentrated on natural sci-
ences and engineering. There have been relatively few studies focusing on the impor-
tance of social scientists’ (i.e. economics, political science, sociology, geography, busi-
ness studies and law) role in university-industry knowledge transfer (Gulbrandsen et
al., 2011). The lack of research is due in great part to difficulties in measuring social
scientists’ contributions than of those in, for instance, natural sciences and engineering
(Bastow et al., 2014). Accordingly, social scientists often provide skills that are key for in-
novation development, but are more challenging to capture (measure), such as creative
and critical thinking, communication skills and an in-depth understanding of innovation
processes (OECD, 2019). Hence, in social sciences, personal contacts and labour mobil-
ity are found to have the greatest relevance (Bekkers & Bodas Freitas, 2008; Schartinger
et al., 2002). Collaborative research is also common in the social sciences, though to a
greater extent with the public sector (Gulbrandsen et al., 2016). Based on a labour force
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survey in the UK, the OECD (2019) report shows that graduates in social sciences
contribute to innovation in a wide range of service sectors.

The key point from this review is that the importance of the channels varies across
science fields and industry sectors (OECD, 2019). Accordingly, Cohen et al. (2002)
found that patents and licences appear to only be useful channels for technolo-
gy transfer in a few industries, particularly in the pharmaceutical industry, which
“stands out as an anomaly along many dimensions” (Cohen et al., 2002, p. 21). Even
in some high-tech industries, such as communications equipment and aerospace,
which reported a substantial public research impact, patents and licences achieved
scores that were about average.t

From the point of view of universities, D'Este and Patel (2007) conducted a large-
scale survey of UK academic researchers, and found that university researchers in-
teract with industry through a variety of channels, frequently engaging in channels
such as consultancy and contract research, joint research and training, but less so
in patenting or spin-out activities. The individual characteristics of researchers have
also been found to have a stronger impact than which department or university they
belong to, a finding also confirmed by the studies of Perkmann et al. (2013) and
Bekkers and Bodas Freitas (2008).

Studying Norwegian academics, Gulbrandsen et al. (2016) support these findings
showing that individual-level aspects and disciplinary affiliation are much more
important than the institutional-level characteristics of the researchers affiliated
university (e.g. degree of applied versus basic research, and research universities
versus regional colleges). As a result, external engagement seems to be a central
part of many university researchers” work, regardless of their wider university-level
variables. Moreover, regarding the universities” location, an urban location was only
positively related to participation in external training activities (Gulbrandsen et al.,
2016). The study of Fitjar and Gjelsvik (2018) may explain some of these findings, in
which they look into why firms collaborate with local Norwegian universities. They
find that firms often begin by searching for partners locally and follow satisfying
principles, rather than trying to maximize their knowledge spillovers. Some firms
also have a long-term perspective, wanting to contribute in building a good local
research group that they can harvest in the future (Fitjar & Gjelsvik, 2018).

Hence, there are clear indications in the literature emphasizing the role of indi-
viduals on both the firm and university side. In their review of university-industry
research centres, Santoro and Chakrabarti (1999) stated that both university and
industry champions are important, and they later confirmed the importance of firm
representatives (Santoro & Chakrabarti, 2002). However, few studies have respond-
ed by studying the individuals who comprise and create these relationships, which
is also indicated in the literature by Perkmann et al. (2013), showing that a lot of im-
portant quantitative research has been done, but that there is limited in-depth qual-
itative research on the actual interactions between university and industry partners

¢ However, the findings above indicating the limited importance of patents and licences is in stark contrast to most
studies on university-industry interactions, which have predominantly used patents and licences as a proxy for innova-
tion, and which according to Perkmann and Walsh (2007) is much due to easy data accessibility. Because much of the
literature on university-industry interaction has also been conducted in pharmaceuticals and biotechnology in the US, it
has been suggested that the literature suffers from serious bias (Brostrém, 2012; Lundvall, 2007), in that “local tenden-
cies in pharmaceuticals and biotechnology in the USA have been generalized to the relationships between university
and industry in general” (Lundvall, 2007, p. 97).
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(Perkmann et al., 2013; Steinmo & Rasmussen, 2018; Estrada et al., 2016). The impor-
tance of this gap is indicated by Santoro and Chakrabarti (2002), in which only five of 202
firms had more than one firm representative involved in the research centres activities.
This indicates that there are a limited number of firm representatives participating in
UICs, and that these firm representatives deserve more attention.

The increasing interactions and collaborations between university and industry have
raised concerns as to whether collaboration with industry is harming the autonomy and
freedom of academic research, and whether it hampers academic output or not. Even
so, prior research has been inconclusive regarding whether UICs harm academic output
or not (Perkmann & Walsh, 2009; Banal-Estanol et al., 2015). For instance, Godin and
Gingras (2000) found no evidence of industrial influence on the direction of research, al-
though research undertaken in collaborations was applied more. Bonaccorsi et al. (2006)
found that collaborations with industry might initially improve the production of academ-
ic publications, but beyond a certain level the compliance with the expectations of the
industry may be too demanding, and thus lower the number of publications. Researchers
in the field of academic engagement have also shown that professors with external fund-
ing publish more than colleagues without such funding, while professors with funding
from industry publish even more (Gulbrandsen & Smeby, 2005; Perkmann et al., 2013).

3.3 Policy recommendations

This chapter presents a literature review of the various types of university-industry in-
novation channels, and explores their perceived importance by firms and university re-
searchers. In conclusion, three issues seem particularly important:

First, the importance of the university-industry channels are found to differ across sci-
ence fields and industry sectors (Cohen et al., 2002; Bekkers & Bodas Freitas, 2008; De
Fuentes & Dutrénit, 2012).” Hence, these findings indicate that “one size doesn't fit all”.
Thus, policies should be tailored and respond to the specific needs of industry and uni-
versity actors (OECD, 2019).

Second, the combination of the role of the geographical proximity and the role of key
individuals in developing university-industry collaborations points to the following impli-
cations: a) Because most collaborations happen within close geographical proximity, as
well as being facilitated by social proximity, this illustrates the importance of having uni-
versities located in the vicinity of industrial areas, which are often located outside of the
large university towns in Norway. However, the transition towards more research-based
innovation processes will most likely take time to play out in more peripheral regions
with a strong industrial presence, as firms may be captured within a path-dependent tra-
jectory regarding their innovation processes (for an Norwegian example, see Steinmo et
al., 2018]). The importance of key individuals (and their knowledge bases and absorptive
capacity) in the collaboration process for innovation (Haas, 2015; Santoro & Chakrabarti,
1999) also illustrates the importance of having individuals with a high degree of cognitive
proximity and mutual understanding regarding university-industry interaction, both at
the universities and within industry.

7 These authors present complementary overviews; Cohen (2002) present differences between industrial sectors, Bekkers
and Bodas Freitas (2008) present differences of perceived importance from the view of academics and firms, and De Fuentes
and Dutrénit (2012) present a comprehensive overview of prior research.
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Third, the contributions of social sciences and humanities in university-industry in-
teractions have been poorly studied. The few studies that exist indicate a potential
for contributing to innovation. This calls for a sharper focus on this area, both for
researchers studying these fields, and for policymakers who should facilitate social
scientist participation in university-industry interactions.

Finally, to end this chapter and introduce the next chapter, two key trends of univer-
sity-industry channels reported by the OECD (2019) could be mentioned. First, the
key trend is the creation of intermediary organizations, such as university-industry
research centres. Second, there is a trend to place a greater emphasis on knowledge
co-creation that may take place through university-industry collaboration (OECD,
2019). These two trends are the focus of the next chapter.
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4. University-industry collaboration
(UIC) for research and innovation -
and the role of research centres

This chapter examines the literature on one of the most important university channels
for innovation, namely direct university-industry collaborations, and in particular, re-
search centres involving industry co-participation.

4.1 University-industry collaboration

The expectations of universities are changing. Universities have traditionally been ex-
pected to teach and conduct research. However, as a consequence of increasing interna-
tional economic competition in recent decades, numerous policymakers have supported
increased interaction between universities and industry, pursuant to which universities
should make their research more relevant to industry’s needs (Cohen et al., 2002). In
relation to this, firms have historically organized their R&D internally (Mowery, 1983),
but a shift towards more open innovation has occurred, and firms now increasingly seek
to complement their in-house knowledge through interorganizational collaborations in
general (Hagedoorn, 2002; Chesbrough, 2003; Sampson, 2007), and university-industry
collaborations (UIC)® in particular (Caloghirou et al., 2001).? Through UIC, universities
may contribute relevant expertise and knowledge to a firm’s technological resource base,
and create new possibilities for innovation through research (Mansfield, 1991; Cohen et
al., 2002; Dahlander & Gann, 2010).

Still, conducting research that yields both academic publications and industrial innova-
tions is found to be rather challenging for both university and industry partners (Adler et
al., 2009; Bruneel et al., 2010; Galan-Muros & Plewa, 2016}, as they often have oppos-
ing R&D requirements. Firms generally desire more applied research, while universities
generally strive for basic research (Lee, 2000; Nelson, 2004; D'Este & Perkmann, 2011).
This divergence is related to the differing incentive structures and opposing logics of ac-
ademic publication and industrial commercialization (Bjerregaard, 2010; Steinmo, 2015;
Galan-Muros & Plewa, 2016).

Although these collaborative challenges are widely acknowledged, prior studies have
mainly explored the effects of university-industry links (Perkmann & Walsh, 2007;
Wirsich et al., 2016), showing that UIC may lead to successful outcomes such as firm
innovations (Mansfield, 1991; Cohen et al., 2002; Robin & Schubert, 2013), patents and
licences (Cohen et al., 2002; Gulbrandsen et al., 2011; Perkmann & Walsh, 2007), prod-
ucts (Kaiser & Kuhn, 2012) and academic publications (Gulbrandsen & Smeby, 2005;
Banal-Estanol et al., 2015).

8 UIC is often used as an umbrella term, including all types of “public research organizations”, which are predominantly
government-funded, such as universities, research institutes and research centres (e.g. Perkmann & Walsh (2007); Estrada
etal. (2016).

? This development has spurred additional concepts such as the triple helix (Etzkowitz & Leydesdorff, 1997) and Mode 2
(Gibbons et al., 1994), which are more concerned with greater demands for the practical relevance of research and science.
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Hence, the outcomes of UIC processes are well known [i.e. there is evidence of in-
novations, patents and licences), while the collaborative dynamics10 and processes
that reveal how these outcomes are developed - including the underlying dynamics
that lead to them - have been less explored (Perkmann & Walsh, 2007; Thune &
Gulbrandsen, 2014; Boardman & Bozeman, 2015). Due to the lack of studies on the
collaborative dynamics of UIC, there is also limited knowledge of how collaborations
fail to achieve their collaborative targets and what the critical success factors are
(Giuliani & Arza, 2009; Bozeman et al., 2013; Steinmo & Rasmussen, 2016).

Consequently, based on the gaps in the literature and the focus of this report, this
chapter focuses on- and reviews the development of UICs, guided by the following
research question: “What empirical evidence is available on the development of formal
university-industry collaborations aiming at innovation?” By focusing on UICs, the em-
phasis is therefore on the processes that often precede or follow either the transfer
of intellectual property (Perkmann & Walsh, 2007) or commercialization (Perkmann
et al., 2013).

In the next section we provide a definition of UIC, before presenting different types of
UIC; research partnerships and research services, and exploring university and in-
dustry partners’ motives for establishing such UICs. Next, four drivers and barriers
of UIC are described, which include implications for successful UICs. Finally, the pe-
culiarities of university-industry research centres are presented before the chapter
ends with policy implications.

4.1.1 Defining university-industry collaboration

Most academic papers do not provide a definition of UIC (Galan-Muros & Plewa,
2016), perhaps because of that term'’s self-explanatory nature. Furthermore, UIC is
often considered as a homogeneous activity, although in practice there are different
collaboration types (Perkmann & Walsh, 2007; Gulbrandsen et al., 2011; Ankrah &
Al-Tabbaa, 2015), which makes it challenging to create a definition that covers all
types of UIC. Ankrah and Al-Tabbaa (2015, p. 387) provide a broad definition, de-
fining UIC as “the interaction between any parts of the higher educational system
and industry aiming mainly to encourage knowledge and technology exchange”. By
focusing on the interaction between university and industry partners and their ex-
pected output, the definition covers most collaboration types between university and
industry partners.

4.2 Different types of UIC: Research
partnerships and research services

The scholarly literature provides several characterizations on UICs (Ankrah & Al-
Tabbaa, 2015). Perkmann and Walsh (2007) distinguish between research partner-
ships and research services based on the degree of finalization of the research un-
dertaken (see Figure 4.1)."" Finalization refers to whether the research pursues a
specific (technical, social or economic) purpose (more applied research), or rath-
er gains new knowledge for the sake of itself (more basic research) (Perkmann &
Walsh, 2007):

10 By dynamics and processes in UIC, this chapter refers to the activities, events, practices and interactions enacted by
university and industry partners, and how they affect the development of UICs (Lauvés, 2017).
" This figure is the continuation of Table 3.1 in Chapter 3.1.1.
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Figure 4.1: Degrees of finalization in industry-funded research (Perkmann & Walsh, 2007, p.
268)

Research partnerships Research services

Collaborative (or sponsored) research Contract research

University—industry research centres Consulting

low = finalization > high

Research partnerships are designed to generate outputs that are of high academic rele-
vance, which can be used in academic publications, and include collaborative research
activities, also known as sponsored research and university-industry research centres.
Such research partnerships can range from temporary small-scale projects to large-
scale organizations (Perkmann & Walsh, 2007), with up to 50 members, such as in the
Norwegian research centres of excellence.

Research services are offered by university researchers for industrial clients, and tend
to be less exploitable for academic publications. Contract research and most of aca-
demic consulting fall under this category, and involves research or consulting carried
out against payment (Perkmann & Walsh, 2007). In research services, there is often less
academic freedom than in research partnerships, because research services target spe-
cific objectives and deliverables. Although the boundaries between contract research
and consulting is blurred, contract research is generally commissioned to explore spe-
cific, previously unresearched challenges, while consulting exploit’s existing knowledge
(Perkmann & Walsh, 2007).

The next subsection explores who establish research partnerships and research ser-
vices, and what motivates these establishments.

4.2.1 Who establish research partnerships and research services, and what

are their motivations?

Perkmann and Walsh (2009) find that university partners often initiate and set the agen-
da for research partnerships that contain basic research (low degree of finalization), and
that these projects grant more publications for the university partners than more applied
collaborations. Accordingly, Lee (2000) and D’Este and Perkmann (2011) find that most
academics collaborate with industries to further and finance their research and learn
from them, rather than to commercialize their knowledge. Hence, university researchers
are likely to: (1) choose research topics that are perceived to be of interest by their peers,
and (2) that advance the knowledge in their specific area through academic publications;
and (3) that this is done to rise up the academic ladder (Nelson, 2004). Thus, it is often
university partners who initiate new university-industry research centres.

By contrast, firms most often take initiatives toward research services targeted for
problem-solving activities, in which they obtain assistance from university researchers
(Perkmann & Walsh, 2009). Calderini et al. (2007) find that the university researchers who
conductappliedresearchare foundtobe morelikely to produce industrialapplicationsthan
researcherswhoconductbasicresearch.However,appliedresearchleadstofeweracademic
publications (Perkmann & Walsh, 2009), and therefore conflicts with the long-term goals
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of most university researchers (Nelson, 2004; D’Este & Perkmann, 2011; Lee, 2000).

Although these findings apply to firms in general, firms differ based on which indus-
try/sector they operate in. Science-intensive sectors such as biotechnology, phar-
maceuticals and chemicals have strong complementarities with basic academic re-
search and their firm R&D, and tend to rely on research partnerships and to some
degree on research services (Meyer-Krahmer & Schmoch, 1998; Cohen et al., 2002;
Perkmann & Walsh, 2007]). On the other hand, sectors that rely less on scientific
breakthroughs, such as software development, mechanical engineering or metals,
have a stronger preference for research services (ibid).

A point that nuances the differences between research partnerships and research
services is the timing of research partnerships and research services in the inno-
vation process, where research services are especially required in the latter stages
of the innovation process (Polt et al., 2001). Research partnerships, in for example
research centres, often lead to research services that are conducted “outside” the
research centre (Lauvas, 2017). A notable implication for firms is that research ser-
vices have comparatively lower entry costs than research partnerships, and requires
lower levels of absorptive capacity (Perkmann & Walsh, 2007). Also, the fixed cost of
specialized personnel and equipment makes research services a good starting point
for industry (Perkmann & Walsh, 2008). This implies that firms wanting to engage
in collaborations with university partners could start with research services, before
engaging in research partnerships (Lauvas, 2017). The remainder of the review fo-
cuses on research partnerships between university and industry partners, as these
are the most complex types of UIC to handle for both university and firm partners
(Perkmann & Walsh, 2007; Lauvas, 2017).

4.3 Drivers and barriers of UIC - and implications for how to succeed

Although both sides are dependent on the other party and engage with one anoth-
er to obtain necessary resources and generate synergies (Carayol, 2003; Santoro &
Chakrabarti, 1999; Lind et al., 2013), in UICs the partners face an inherent challenge
by relying on resources from other organizations known to have diverse perspec-
tives, interests and objects (Pfeffer & Salancik, 2003; Wry et al., 2013). Hence, there
are a range of drivers of UIC, as well as barriers, that make UIC challenging (Ankrah
& Al-Tabbaa, 2015). Because the realization of the potential benefits of UIC depends
on the partners’ ability to overcome the barriers (Bruneel et al., 2010; Plewa et al.,
2013b), these drivers and barriers present insights for how to succeed in UICs, al-
though the success factors identified in the literature are of a quite general nature
(Thune, 2011; Plewa et al., 2013a). The drivers and barriers affecting the develop-
ment of UIC are based on the review by Galdn-Muros and Plewa (2016), and are cat-
egorized as “connections”, “organizational culture”, “internal characteristics” and
“relationships”.

4.3.1 Connections between university and firm partners

Three connections between universities and firms have been identified as particu-
larly important drivers and barriers for UIC, insofar as finding an appropriate part-
ner and social- and geographical proximity.
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The first step in UIC is to find an appropriate partner, which is challenging (Muscio &
Pozzali, 2013). The lack of awareness and lack of connections to potential university and
industry partners has therefore been found to inhibit UIC (Galdn-Muros & Plewa, 2016).
In a large-scale survey of UK academics, D'Este and Patel (2007) find that the variety
and frequency of interactions with industry, which is not explained by the rankings of
their university departments, but rather by the researchers’ personal characteristics.
Accordingly, firms on their side are found to identify, assess and choose their universi-
ty partners at an individual, rather than institutional level (Johnston & Huggins, 2018).
These findings are in line with literature on R&D alliances, in which organizational-level
collaborations are often found to be based on individual members” social relationships
(Perkmann & Walsh, 2007).

Social proximity is therefore found to be central in UIC, referring to actors’ relations at
the micro-level, involving trust, friendship and common experiences (Boschma, 2005).
Social proximity is generally associated with past collaborations and repeated contact
between partners (Balland, 2011; Huber, 2012, Davids & Frenken, 2017, and is particu-
larly central to the success of UIC innovation projects, and for the continuing of new UICs
(Mora-Valentin et al., 2004; Belderbos et al., 2015; Steinmo & Rasmussen, 2016). As a
result, UICs are based to a large extent on prior established relationships (Barnes et
al., 2002; Mora-Valentin et al., 2004), but there is little evidence in the literature on how
these relationships are created or maintained (Steinmo & Rasmussen, 2018).

Geographical proximity is also found to be of importance in the connection and establish-
ment of UICs (Mora-Valentin et al., 2004}, particularly for small firms (Slavtchev, 2013;
Dornbusch & Neuhausler, 2015). In their study of 15 successful innovation projects from
the Norwegian BIA programme, Steinmo and Rasmussen (2016) found that engineer-
ing-based firms tend to rely on geographical and social proximity to universities, while
science-based firms rely more heavily on cognitive proximity in establishing UICs. Fitjar
and Rodriguez-Pose (2013) also found that firms who established collaborative links
with geographically distant universities and research centres dramatically increased
their innovation potential. The implications of these findings is that science-based firms
are more likely to find collaborative university partners across geographical distances
and generate innovations, while engineering-based firms in more peripheral regions
with larger distances to universities would have greater difficulties for engaging in UIC,
as it is generally easier to establish UICs with someone in close geographical proximity
(Nilsen & Lauvas, 2018).

4.3.2 Differing organizational cultures

The large cultural differences between universities and firms have been identified as
barriers for UIC, and refer to different motivations, time horizons and communication
modes (Steinmo, 2015; Galan-Muros & Plewa, 2016; Bjerregaard, 2010).

First, universities often have a long-term orientation, whereas firms are more orient-
ed toward short-term, applied research that can lead to solutions to current problems
(Spithoven et al., 2011). This scenario can lead to tensions between university and in-
dustry partners (Ambos et al., 2008), as firms’ short-term perspectives are seen as the
biggest disadvantage of UICs by university researchers (Meyer-Krahmer & Schmoch,
1998), while the long-term orientation of universities was viewed as a significant barrier
by more than two-thirds of firms in the UK (Bruneel et al., 2010).
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Consequently, the second and main barrier found in the UIC literature relates to
firms and university partners opposing R&D requirements (Perkmann & Walsh,
2007; Bjerregaard, 2010; Steinmo, 2015), in which firms generally desire applied re-
search' for industrial innovations, and universities’ research that lead to academic
publications (Lee, 2000; Nelson, 2004, D’Este & Perkmann, 2011).

Third, communication is found to be critical for UIC development and success (Plewa
et al., 2013a), in which differences in terminology and communication styles are
likely to inhibit collaboration (Barnes et al., 2002; Galdn-Muros & Plewa, 2016). An
ongoing theme is that academic researchers lack training in communicating their
findings outside of academia (Mittion et al., 2007; Galan-Muros & Plewa, 2016).

4.3.3 Internal firm characteristics

In particular, the internal characteristics of firms are found to matter and deal with
four issues: firms’ absorptive capacity/cognitive proximity, their firm representa-
tives, firm size and the difference regarding the openness of research results.

First, Fontana et al. (2006) found that firms with a high absorptive capacity used
it to collaborate with universities, while firms with a low absorptive capacity had
a low probability on collaboration with universities. When it comes to the similar-
ities in partners’ knowledge bases, or cognitive proximity (Boschma, 2005), some
similar competencies and capabilities between firms and research partners were
found to be important for a successful UIC. However, too much similarity may be
harmful because complementary knowledge is required for innovation development
(Petruzzelli, 2011). Accordingly, firms with a high absorptive capacity and strong
knowledge bases are more likely to diffuse the knowledge produced by the universi-
ties (Giuliani & Arza, 2009).

Yet, firms often struggle to integrate the knowledge of research results because of
the knowledge boundaries between firms and universities (Steinmo, 2015; Miller et
al., 2016; Galan-Muros & Plewa, 2016). Hence, prior research has shown that firms
are critically dependent on the skills and activities performed by their firm represen-
tative to successfully manage the knowledge stemming from universities (Santoro
& Chakrabarti, 2002; Knudsen et al., 2017; Takanashi & Lee, 2018). However, in
their study of university-industry research centres, Santoro and Chakrabarti (2002)
found that only five of 202 firms had more than one firm representative involved in
the research centres’ activities, which indicates the importance of engaging knowl-
edgeable firm representative(s). Therefore, the knowledge integration activities per-
formed by the firm representative are found to be important in UIC (Lauvas, 2017), as
external knowledge and opportunities often require translation before people inside
their organizations can understand them (Cyert & Goodman, 1997).

The size of the firms is also found to matter, in which larger firms are most likely to
collaborate with universities (Fontana et al., 2006; Roper & Hewitt-Dundas, 2013). In
their study of Swedish university-industry research centres, McKelvey et al. (2015)
found that the larger firms focused more on knowledge transfer from the centre back
to the firm, whereas the small firms used the research centre to develop knowledge

2 Although some science-intensive sectors may prefer basic research, such as pharmaceuticals, this general state-
ment, as well as the rest of the literature review, corresponds to the R&D preferences of most (Norwegian) industrial
sectors (Perkmann et al., 2011; Cohen et al., 2002; Meyer-Krahmer & Schmoch, 1998).



How Universities Contribute to Innovation: A Literature Review-based Analysis

about customer needs in order to create market opportunities, especially through net-
working with large firms in the research centre.

Finally, while universities’ research results are often freely published, firms' R&D strate-
gies often adhere to secrecy and IP-protection measures (Perkmann et al., 2011). Firms
often fear that confidential information will be disclosed in UICs (Hall et al., 2001), par-
ticularly when participating in consortia and research centres together with competi-
tors. Thus, firms often participate in UICs with competitors on issues other than their
core-technology, researching issues faced by the entire industry, such as regulations
and environmental challenges (Jakobsen & Steinmo, 2016; Jakobsen et al., 2019).

4.3.4 Relationships between university and industry partners

There has been extensive research on relationship-related drivers of UIC over the last
decade, which has shown the importance of commitment, trust and ongoing long-term
relations between partners.

First, scholars have found that commitment is important in UIC (e.g. Santoro, 2000;
Okamuro & Nishimura, 2017), in which Knockaert et al. (2014) found that a higher in-
volvement in research centres affects the firm’'s network and competence positively.
Okamuro and Nishimura (2017) found that a firm’s commitment is important for com-
mercialization in UICs. Jarvenpaa and Valikangas (2016) found that continued participa-
tion over time is important if firms are to influence and reap the benefits from UICs.
Thune and Gulbrandsen (2014), in their study of Norwegian research centres, found that
limited firm commitment could lead to a “symbolic collaboration”, and high firm exit
rates.

Second, trust is critical for developing UICs (Barnes et al., 2002; Mora-Valentin et al.,
2004), and is especially important for reducing commonly found tensions in UIC (Bruneel
et al., 2010). Although university and industry partners could experience a “honeymoon
period” in the early stages of the collaboration before their differences surfaces (Estrada
et al., 2016), university and industry partners are found to collaborate better over time
in successful UICs (Estrada et al., 2016; Lundberg & Andresen, 2012; Steinmo, 2015).
Hence, ongoing collaborations may reduce the tensions in UIC over time (Thune, 2011),
and because previous collaboration promotes trust in UIC (Bruneel et al., 2010; Lhuillery
& Pfister, 2009), building and maintaining trust is an important component for long-term
UIC (Bruneel et al., 2010; Galdn-Muros & Plewa, 2016). Therefore, scholars have found
that former collaboration is one of the key factors for explaining successful UICs (Bishop
etal., 2011, Bruneel et al., 2010; NUnez-Sanchez et al., 2012).

4.4 University-industry research centres

University-industry research centres are a type of research partnership between uni-
versity and industry partners of particular interest because they are the predominant
policy initiative used to increase UIC in EU and the US (Ponomariov & Boardman, 2010;
Gulbrandsen et al., 2015; Chai & Shih, 2016). Research centres are created to produce
both innovations and academic publications, resolving the inherently conflicting goals
between university and industry partners that have not been satisfactorily fulfilled by
other institutions, such as academic departments, firms and research institutes (Youtie
et al., 2006; Ponomariov & Boardman, 2010; Gulbrandsen et al., 2015). Such research
centres have also been established in Norway, termed “Centres for Environment-friendly
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Energy Research” (FME - Forskningssentre for Miljgvennlig Energi) and “Centres for
Research-based Innovation” (SFI - Sentre for forskningsdrevet innovasjon), which
are two of the most prestigious schemes in Norway.

Research centres were first created in the US, with the National Science Foundation
(NSF) establishing research centres in 1972 (Geisler, 1995; Boardman, 2012). Since
that time, many developed countries have followed and created research centres,
examples of which include the “Cooperative Research Centres” (CRC] programme in
Australia and “VINN Excellence Centre” and “Industry Excellence Centre” in Sweden.
In the US, there are different types of research centres. The Engineering Research
Centre (ERC) programme and centres aim to establish new knowledge bases for
nascent and non-existent industries, whereas the Industry-University Cooperative
Research Centre (IUCRC) programme assists mature industries by applying existing
knowledge (Santoro & Gopalakrishnan, 2001; Boardman, 2012).

Although the research centres established around the globe are inspired by and have
many similarities to the US centres, a wide range of terms has been used for these
research centres, such as Cooperative Research Centres (Garrett-Jones et al., 2005;
Sinnewe et al., 2016; Villani et al., 2017), Government Research Centres (De Fuentes
& Dutrenit, 2016) and University-Industry Research Centres (Cyert & Goodman, 1997;
Lin & Bozeman, 2006; McKelvey et al., 2015). Still, what is common to most of these
research centres, regardless of the term used, is that they are based in a university
context and are semi-independent from the university setting in which they exist.

Research centres seldom have their own research equipment or labs, and often use
university facilities for experiments. These researchers perform research with an
explicit mission of promoting cross-sector collaboration, knowledge and technology
transfer, and ultimately innovation (Boardman & Gray, 2010). Accordingly, research
centres are often interdisciplinary in nature, seeking to overcome specific challeng-
es in particular industries (Gulbrandsen et al., 2015; Villani et al., 2017) or to tackle
specific societal challenges (Hessels et al., 2014).

The centres are funded in part by industry through membership fees paid by firms
that join the centres. In research centres, as it is for UICs in general, there is a dif-
ference in firms’ motives for participating, in which large firms often participate in
UIRCs to advance non-core technologies, while small firms want to advance core
technologies (Santoro & Chakrabarti, 2002; McKelvey et al., 2015). This is also evi-
dent by studying the firms participating in the Norwegian research centres, where
the large industrial firms participate in many research centres, which is not at the
core of their business operation competences.

Regarding the continuation of research centres, Feller et al. (2002) found that firm
participation in research centres was relatively fragile and likely to be discontinued
when the public funds for the initiative ended. A related finding by Perkmann and
Walsh (2009) showed that knowledge-building projects containing basic research in
engineering-based fields had less interaction between university and industry part-
ners than more applied projects. Whereas the intention has been that the Norwegian
research centres (SFl and FME] should also continue their activities after the public
funding of the research centres stops, three issues makes the intention less likely to
be fulfilled: (1) The literature shows that market failures cause firms to underinvest
in research and innovation (Nelson, 1959; Arrow, 1962]; hence, the public policy and
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funding are therefore often put in place to remedy this negative externality (Clarysse et
al., 2009; Dimos & Pugh, 2016; Marino et al., 2016); (2] the centres are quite bureaucratic
organizations (Thune & Gulbrandsen, 2014; Sinnewe et al., 2016}; thus, from a transac-
tion costs perspective, Sinnewe et al. (2016) state that firms could not be expected to pay
a greater cost for these highly formalized and hierarchical centres; (3] the industry sec-
tors that participate in the Norwegian research centres are often more inclined towards
applied research (see e.g. Meyer-Krahmer & Schmoch, 1998; Cohen et al., 2002); and
(4) firms often participate in centres with more basic research profiles in order to build
the knowledge bases of researchers, with the intention to harvest these bases later on
through more applied research services (Lauvas, 2017).

4.5 Policy implications

This chapter has presented a comprehensive review of UIC, exploring different types of
UIC, drivers and barriers, in addition to the peculiarities of UIC in research centres. In
conclusion, three areas seem particularly important.

First, the success factors in the UIC literature are found to be quite general (Thune,
2011; Plewa et al., 2013a), which relates to the general gap in the UIC literature, namely
that the collaborative dynamics and processes that reveal how successful outcomes are
developed are less explored (Perkmann & Walsh, 2007; Thune & Gulbrandsen, 2014;
Boardman & Bozeman, 2015). For this reason, it is challenging for firms, universities,
scholars and policymakers in UIC to assess and evaluate the success and impact of UICs
(Thune, 2011; Perkmann et al., 2011). This is greatly due to the uncertain nature of basic
research, which makes it difficult to set clear objectives and evaluate outcomes that may
come years after the UIC has ended (Perkmann et al., 2011). Moreover, firms’ motives for
collaborating with universities are often based on indirect and generic benefits, such as
accessing students and academics, acquiring insights into the latest blue-sky research
and developing their own, or researcher’s knowledge bases (Lauvés, 2017). Firms are
therefore found to be less concerned about making a quantitative case for participation
(Perkmann & Walsh, 2007; Perkmann et al., 2011; Brostrom, 2012). Furthermore, there
is a relationship between more long-term research partnerships (e.g. research centres)
and short-term research services, in which research partnerships, for example in re-
search centres, often lead to research services that are conducted “outside” the realms
of the research centre (Lauvas, 2017; Iglebaek et al., 2018).

Second, while most research on UIC has been conducted in science-based industries
such as pharmaceuticals and biotechnology (Lundvall, 2007; Brostrom, 2012), this chap-
ter has pointed towards some nuances regarding the firm’s size, characteristics and in-
dustrial affiliation, and the importance of different dimensions of proximity. Geographical
proximity towards universities is important for the establishment of UICs for both small-
and engineering based-firms (Slavtchev, 2013; Dornbusch & Neuhausler, 2015; Steinmo
& Rasmussen, 2016). Hence, in an effort to increase UIC, collaborations with local univer-
sities can be an important starting point for these types of firms (Steinmo & Rasmussen,
2016; Fitjar & Gjelsvik, 2018), especially as former collaboration is one of the key factors
for explaining successful UICs (Bishop et al., 2011; Bruneel et al., 2010; NUfez-Sanchez
et al., 2012).

Third, firms” involvement and commitment in UICs is important in building firms” ab-
sorptive capacity (Santoro & Chakrabarti, 2002; Knudsen et al., 2017; Fontana et al.,
2006). This is also indicated in a recent report by the OECD (2019), which recommends
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focusing on knowledge co-creation between universities and industry, rather than a
knowledge-transfer approach. While the SFI evaluation discusses the alternative of
having only industrial cash contributions and no in-kind (Damvad, 2018), the liter-
ature provided in this chapter points towards having more and not less interaction
between university and industry partners to harness the potential of UICs.
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5. Academic Entrepreneurship
and its impacts

In this chapter we are turning our focus to another university innovation channel, i.e.,
academic spin-offs. As in previous chapters, here we are also reviewing the extant liter-
ature on the topic of academic entrepreneurship, and we highlight the main, robust find-
ings from the research literature. Over the last decades, universities have been increas-
ingly involved in establishing new ventures aiming to commercialize scientific research
results, technologies and inventions (Clarysse et al., 2007; Colombo et al., 2010; Lubik &
Garnsey, 2016; Mustar et al., 2008).

These academic spin-offs (ASOs) represent a small fraction of all knowledge transfer
from universities, but are still considered to be economically powerful ventures with sig-
nificant wealth creation potential (Shane, 2004a). In particular, ASOs are expected to
enhance regional economic development through new knowledge-based employment,
the generation of tax revenues and indirect effects through the dissemination of new
knowledge improving the absorptive capacity of the region (Criaco et al., 2014; Hindle &
Yencken, 2004; Lawton Smith et al., 2008; Vincett, 2010). In addition, scholars argue that
ASOs are important firms because they commercialize research results that might have
remained undeveloped otherwise (Fontes, 2005; Mathisen & Rasmussen, 2019). Because
academic research has a different or, rather a non-commercial agenda compared with
research in industry, this could result in the serendipitous discovery of technologies that
can save and protect human life, property and the environment. More generally, ASOs
often commercialize technologies with radical technical advances typically not suitable
for licencing directly to industry (Clausen & Rasmussen, 2013; Shane, 2004a). ASOs also
often engage in a rapid internationalization to grow their innovative and unique technol-
ogy offering (Bjgrnali & Aspelund, 2012). In other words, ASOs are new ventures with the
potential of engaging in the type of entrepreneurial activity that challenges existing tech-
nologies and markets (Mohr & Garnsey, 2011; Schumpeter, 1934; Walter et al., 2006).
The high expectations to the economic and societal impacts of ASOs are evident. Yet, the
academic entrepreneurship literature has predominantly been concerned with explain-
ing why some universities create more spin-offs than others (Mathisen & Rasmussen,
2019; 0'Shea et al., 2008}, i.e., the process from scientific discovery to venture creation.
Albeit important to understand, the literature has paid far less attention to the perfor-
mance and impact of ASOs, i.e., the process from venture creation to outcome. Hence,
there is a significant gap in our understanding of ASOs with respect to how these ven-
tures grow to become successful firms and create economic impact (Colombo et al.,
2010; Fini et al., 2018; Mathisen & Rasmussen, 2019; Van Looy et al., 2011). It remains
clear that ASOs are the type of entrepreneurial firm that must overcome technological,
market and organizational uncertainty when engaging in a complex process of trans-
forming scientific knowledge into commercial products and services (Mathisen, 2017;
Rasmussen & Mathisen, 2017).

One of the objectives of this chapter is to provide a short introduction to the academic en-
trepreneurship phenomenon, emphasizing the impact of ASOs in a Norwegian context.
First, after defining certain key concepts, a brief historical backdrop of academic entre-
preneurship will be provided. Second, important conceptual and practical differences
between the creation and impact of ASOs will be discussed. Furthermore, we address
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the issue of ASOs in a Norwegian context, with an abbreviated analysis of the com-
plete population of ASOs established in Norway in the period from 1999-2011.

5.1 Defining Academic Entrepreneurship

Academic entrepreneurship can broadly be defined as entrepreneurial activity at ac-
ademic institutions, including patenting, technology licencing and the spinning off
new ventures, all with the objective of commercializing research results discovered
by academic researchers (Grimaldi et al., 2011; Rothaermel et al., 2007). As a field
of research, it is connected to and overlaps with subjects such as technology and
knowledge transfer (see Bozeman, 2000; Perkmann et al., 2013), university-indus-
try collaboration (see Agrawal, 2001; Bozeman et al., 2013) and technology com-
mercialization (see Kirchberger & Pohl, 2016; Markman et al., 2008). Academic en-
trepreneurship has been studied at several levels (Mathisen & Rasmussen, 2019),
ranging from the role of the entrepreneurial university in socio-economic develop-
ment (e.g. Etzkowitz et al., 2000), down to the entrepreneurial behaviour of scientists
(e.g. Huyghe & Knockaert, 2015; Stuart & Ding, 2006). In between are policy-level
studies focusing on the effects of legislation and policy instruments (e.g. Goldfarb
& Henrekson, 2003; Kochenkova et al., 2016), institutional-level studies focusing
on intermediary agents, such as science parks, incubators and technology trans-
fer offices (TTOs) (e.g. Mian et al., 2016; Phan et al., 2005; Siegel et al., 2007a), and
firm-level studies focusing on the ASOs themselves (e.g. Djokovic & Souitaris, 2008).
In sum, academic entrepreneurship is a multidisciplinary field with many objectives
and perspectives.

For the purposes of this chapter, the focus will primarily be on the firm-level per-
spective of ASOs. Although several definitions (as well as terminology and abbre-
viations) of ASOs have been proposed in the literature, this chapter defines ASOs
as “New ventures established to commercialize scientific research results, technolo-
gies, and inventions from universities and public research institutions” (Clarysse et al.,
2005). Licencing to industry is an alternative channel to commercialize research re-
sults. Certain technologies and inventions are therefore more likely and/or suitable
to be licenced to industry compared to ASOs (Shane, 2001a, b), while the economic
impact generated by licences may be more difficult to identify compared to ASOs, as
they often occur in a broader industrial context in combination with other activities.
Even though the process of how incumbents transform academic invention into com-
mercial products is very different compared to ASOs, the overall characteristics and
distribution of outcomes and impacts generated by ASOs is actually quite similar.
Although licencing will not be discussed in detail in this chapter, most of the findings
and implications are highly relevant for understanding industry licencing as well.

5.2 The Historical Backdrop of Academic Entrepreneurship

As we pointed out in Chapter 2, the role of the university has evolved over time.
Universities are now increasingly expected to commercially exploit their scientific
and technological advances (Hayter, 2016b; Leitch et al., 2010; Pries & Guild, 2007;
Rothaermel et al., 2007). For this reason, the modern university as a social institu-
tion is best understood within the context of "Academic Capitalism” (Slaughter &
Rhoades, 2004) or “Triple Helix” (Etzkowitz & Leydesdorff, 2000) frameworks, which
emphasize its role in knowledge-based economic development (Hayter, 2011). In this
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section, we will briefly review how the university has gone through several revolutions
with respect to its mandate and role in society.

5.2.1 The rise of the entrepreneurial university

The first academic revolution occurred when the research university evolved in the late
18th century Germany. The mission of the medieval university was the preservation and
transmission of knowledge in the liberal arts, shaped by the dominant influence of the
Church. In the wake of the Enlightenment, the university’s objective evolved to also in-
clude the discovery and advancement of new knowledge. Science became the intellec-
tual basis of the university, and to this day the two reinforcing activities of education and
scientific research are considered the key missions of the modern university.

One important fact to acknowledge is that research universities have always been an
instigator for entrepreneurial activity, as practical advances generally followed scientific
discoveries. However, the context, structure and extent of entrepreneurial involvement
have changed dramatically over time, driven by changes in and around the university.
The second academic revolution evolved in the late 20th century, led by universities in
the US. A unique historical feature of the American university system was the land-grant
colleges that emerged in the late 19th century, with a specific focus on its practical ap-
plication in agriculture, military and engineering. This focus was in stark contrast to the
ivory-tower nature of the European university model at that time. During the 20th cen-
tury, US universities were further shaped by massive funding to assist in US war efforts.
This resulted in a significant collaboration and interaction among industry, universities
and government to solve the demands of the Allied military. In addition to creating many
new technologies, this established a long-lasting culture of practical and defense-relat-
ed research at certain US universities. Towards the end of the 20th century we see the
rise of entrepreneurial university, in which academic entrepreneurship is embraced as
the third mission of the university. The changing role of the university is still ongoing at
universities around the globe, and over the course of the last 30-40 years several key
developments have materialized.

5.2.2 Institutionalization and the growth of academic entrepreneurship

Over the last few decades, there has been an increasing institutionalization of academic
entrepreneurship activities, thereby facilitating the direct involvement of the university in
commercial activities. This process started in the 1980s, when the US enacted new leg-
islation and policies that aimed to formalize and encourage the commercial utilization
of scientific discoveries at universities. Many European countries have since followed
with similar initiatives. The most important of these changes were policy changes, which
transferred the control and ownership of inventions to the university. In the US, legisla-
tion was enacted that centrally transferred the control of discoveries from the federal
government to the university. In Europe the situation was different, where many coun-
tries operated with a system in which university scientists owned the rights to their own
discoveries. This system is usually referred to as the Professor Privilege (Fini et al., 2017).
Many European countries, including Norway, have enacted new legislation which trans-
ferred the control of intellectual property from the scientists to the universities. What
these legislations have in common is that they established formalized rules regarding
IP ownership, in addition to a greater incentive for universities to exploit commercial
opportunities based on research discoveries.

As a consequence of this, new institutions facilitating academic entrepreneurship start-
ed to emerge. Although many universities had existing initiatives in place, a large-scale
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formalization of technology transfer took place in both the US and Europe. Perhaps
the most important institutions invented were the technology transfer office (TTOs])
and similar boundary-spanning agents at the university (Geuna & Muscio, 2009).
TTOs are organizations responsible for managing the technology transfer process.
Before the 1980s, there were almost no TTOs anywhere. Stanford University was one
of the first to establish its own TTO in the early 1970s. In Europe, the first example
was likely at the KU Leuven in the mid-70s. Over the last 30 years, almost all larger
research universities have established some form of TTO, also if no legislation has
promoted it directly (Link et al., 2007).

A rapid increase in academic entrepreneurship has followed these policy initiatives.
However, research strongly suggests that other factors can help explain this growth.
Some researchers have called the effects of legislation overemphasized, as academ-
ic entrepreneurship was also on the rise prior to these reforms (Chiesa & Piccaluga,
2000; Clarysse et al., 2007; Mowery, 2011; Mustar et al., 2008). One proposed expla-
nation for this is the rise of the biomedical and ICT research fields. These are the
major technological areas of formal technology transfer today, and they grew into
important fields of research during this time period. There was also the introduction
of new patent laws, which provided much stronger protection, e.g., for biomedical
discoveries (Shane, 2004b). Another proposed reason is the increase in industry in-
volvement and the sponsoring of university research. This is believed to have gen-
erated new interactions and opportunities due to the occurrence of more applied
research. Lastly, there is also likely the presence of feedback loops. When more aca-
demic entrepreneurship started to take place, this provided legitimacy and enhanced
the culture at the university to engage in more commercial activity.

5.2.3 The European Innovation Paradox

The existence of a European “innovation paradox” is based on the notion that Europe
has strong higher education systems, research infrastructure and research results,
but fails to translate this into marketable innovations at the same pace as the US
(Clarysse et al., 2007). Europe is also performing well compared to the US in publi-
cations, but is less competitive in patenting, licencing and new firms established at
universities (Siegel et al., 2007b). Although there is a substantial variation between
European countries in this regard, where the UK and Sweden are often found to lead
European countries, transforming European success in basic research into commer-
cial success seems to have been quite difficult.

Many reasons have been proposed for this: One set of reasons relate to the European
university being more distant from industry, thus producing research less adapted
to practical use (Goldfarb & Henrekson, 2003). A related issue is the relative lack of
entrepreneurial spirit of European scientists, and that to a larger degree European
universities view academic entrepreneurship as inappropriate (Renault, 2006). The
lack of technology hotspots such as Silicon Valley, and less availability of risk capital
in Europe compared to the US, are also viewed as important elements to help facili-
tate prosperous academic entrepreneurship output (Wright et al., 2007). The bottom
line is that Europe has implemented a range of policies that attempt to emulate the
US successes in the field, but with all things considered, Europe seems to still have
a gap compared to the US regarding academic entrepreneurship. Given its relevance
and complexity, the promotion of science commercialization is a central feature of
government and university policy in most European countries today (Fini et al., 2018).
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5.3 Academic Entrepreneurship: The Process from Discovery to Impact

The vast majority of research on ASOs has focused on the antecedents of spin-off activ-
ity, more specifically on how individual (e.g. scientist, entrepreneur), institutional (e.g.
university, technology transfer office) and environmental (e.g. legislation, ecosystems)
conditions impact spin-off creation (0'Shea et al., 2008). This “black box” approach to
ASOs implicitly assumes that firms are homogeneous (Mustar et al., 2008), and that the
number of firms corresponds to economic impact (Harrison & Leitch, 2010). The former
is challenged by researchers finding that ASOs are a surprisingly heterogeneous group
of firms that differ in terms of resources, business model and institutional links (Mustar
et al., 2008). Scholars have questioned the expected impact of ASQOs, arguing that they
are predominantly small firms (e.g. Criaco et al., 2014; Salvador, 2011), showing neg-
ligible growth on average (e.g. Hayter, 2011; Wright et al., 2006) and occurring in such
small numbers that they have too limited of a total economic impact to justify the public
support they receive (Borlaug et al., 2009; Harrison & Leitch, 2010). ASOs also face ex-
ceptional growth challenges (Mustar et al., 2008), being characterized with high levels
of innovation and often exploiting novel, early-stage and general purpose technologies
(Knockaert et al., 2011; Shane, 20014, b). In addition, ASOs often struggle with attracting
critical resources (e.g. Patzelt & Shepherd, 2009; Wright et al., 2006) and knowledge
(e.g. Ensley & Hmieleski, 2005; Hayter, 2016a; Rasmussen et al., 2015). Yet paradoxi-
cally, when successes do occur, they can generate tremendous impact (Rasmussen &
Mathisen, 2017) and many extremely valuable firms, including some of the most import-
ant global firms (e.g. Google), originated by virtue of academic research.

In a recent review of the literature on the performance and outcomes of ASOs, Mathisen
and Rasmussen (2019) argue that ASOs typically have very long development paths, and
outcomes also have to be evaluated over sufficiently long periods of time to capture
“real” impacts. Furthermore, ASOs outcomes are highly skewed, with most of the im-
pact accounted for by a few highly successful ventures. Mathisen (2017) also finds that
economic impact is not necessarily confined to what happens within the ASO firm but
can also take place within other organizations as well. For instance, trade sales appear
to be a very common successful outcome, and not accounting for this mechanism may
significantly underestimate the impact of ASOs. Lastly, Rasmussen et al. (2016) point to
that ASOs can also have an indirect economic impact when acting as technology transfer
agents, transferring new technology into application in society. Nevertheless, these im-
pacts are hard to identify because they depend on the interaction among ASOs, industry
and the economy more generally.

In sum, it seems evident that a multifaceted understanding of the outcomes and eco-
nomic impacts created by ASOs is needed, as governments and universities are investing
heavily to encourage and support their creation, including establishing TTOs, incubators
and internal seed funds (Rasmussen et al., 2006). Obviously, the genuine policy objective
is to generate successful firms creating wealth for society, and not just establish many
firms.

5.4. Academic Entrepreneurship in Norway

A key factor to consider in the Norwegian context for academic entrepreneurship is the
legislative changes enacted in the “Universitets- og hgyskoleloven” and “Arbeidstaker-
oppfinnelsesloven” in 2003. The objective of these changes was to provide the univer-
sities with a greater responsibility of science commercialization, with the ambition of
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increasing the return of public investments in scientific research. The “Professor’s
Privilege” for scientific staff was removed, and the universities were given ownership
and control over intellectual property rights (IPR) with commercial value developed
at the university. Both the transfer of ownership and the practice of distributing fi-
nancial dividends between academic staff and the university have been the subject
of extensive debate (Griinfeld et al., 2018).

Several reports and evaluations of the legislative changes and policy and support
infrastructure for academic entrepreneurship in Norway have been performed over
the last decade or so (see e.g. Borlaug et al., 2009; Griinfeld et al., 2018; Rasmussen
et al., 2013; Rasmussen et al., 2007; Spilling et al., 2015). The overall picture seems
to be that processes around academic entrepreneurship have been significantly pro-
fessionalized and institutionalized, and generally accepted as an important activity
at most Norwegian universities. However, a range of improvement areas has been
identified in areas such as the organization and governance of activities, the avail-
ability of resources, incentive structures, cultural transformation and the measure-
ment of outcomes and impact. We refer to the sources referenced above for detailed
analyses and discussion in these areas.

Mathisen (2017) performed a comprehensive analysis of the Norwegian population of
ASOs established in the period from 1999-2011. In this analysis, 373 Norwegian ASOs
were longitudinally tracked on the firms’ development from their origin through the
life cycle on growth, outcomes and key events, until reaching a terminal outcome (or
right-censored in 2015 if they survived). The database is unique due to its richness
and prolonged time-horizon, and was developed by integrating a range of qualitative
and quantitative data sources.™ It will provide a general but detailed overview of the
development and ultimate outcome of ASOs in Norway over a considerable and rel-
evant time period. The database also forms the empirical basis in other published
research (e.g. Rasmussen & Mathisen, 2017), including cross-country comparisons
of academic entrepreneurship (Fini et al., 2017).

Other scholars have performed similar analyses. For instance, Hvide and Jones
(2018) conceptualize the ending of the “Professor’s Privilege” in Norway as a natural
experiment and attempt to identify the causal effects on academic entrepreneur-
ship, including controls for comparative and general groups. As one key result from
their study, Hvide and Jones (2018) found a substantial decline (approximately 50%)
in ASOs after the legislative change. As will become clear in the sections below,
Mathisen (2017) did not find support for these results, instead finding relatively flat

3 The population of firms was identified through the FORNY programme, administrated by the Research Council of
Norway (RCN). FORNY was the key governmental policy mechanism for promoting the infrastructure supporting the
commercialization of research. The programme operated with an incentive model, which ensured that the universities
were highly incentivized to report all new ASOs. The advantages of the FORNY programme for research purposes are
twofold. First, the FORNY portfolio approximates the full population of such firms in Norway in the focal period, given
the reporting incentives and the programme’s critical financial importance for universities and TTOs. Second, the
continuous reporting of ASOs in real time limits survivorship bias typically associated with retrospective entrepreneur-
ship studies. The empirical database was based on archival data, manually coded data and qualitative sources. The
backbone of the database was primarily based on integrating several archival data sources from The National Business
Registry in Norway. This included complete financial statements for all firms for all observation years. Over 12,000
corporate announcements (mandatory notices from firms on a number of key corporate events) and patent data was
added. In addition, several less structured and qualitative data sources were structured. Examples include all annual
reports for all years, the ASOs’ original business plans and a comprehensive archive of all news articles ever written
about the firms. These unstructured sources were coded into structured form, thus synthesizing this qualitative infor-
mation into a form that allowed for a quantitative analysis. See Mathisen (2017) for more details.
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development in the number of ASOs established. These contrasting results are most
likely due to differences in research design and sample identification. For example, Hvide
and Jones (2018] identify the ASOs by the (anonymous) matching of employment records
with ownership data from new firm incorporation records. As a direct and natural con-
sequence of the “Professor Privilege” ending is the new phenomenon of ASOs in com-
mercializing research results without direct (or indirect through holding companies and
family) ownership of the academic inventor(s). In these cases, the inventors are receiv-
ing their share of future returns through means other than equity. It is well established
that many academics prefer to maintain their position at the university, and leave the
business of entrepreneurship to others (Salvador, 2011). Hvide and Jones (2018) could
not identify these firms, and were thus likely observing a somewhat expected decline in
scientist-owned firms, though not necessarily firms commercializing research results
per se. Commenting on the study is Lita Nelsen, the long-time head of MIT's Technology
Licensing Office: “I would guess that something else is in play besides the fraction of
royalties that inventors receive” (Mervis, 2016, p. 396). In other words, Nelsen suggests
that these results demand consideration of a wide range of possible influences and rela-
tionships Nonetheless, combining the results from Hvide and Jones (2018) and Mathisen
(2017) indicate with some confidence that there has not been any increase in new ASOs
following the legislation change. Still, Griinfeld et al. (2018) point to a clear upswing in
the rate of new ASOs after 2013 following a period of increased public funding of aca-
demic entrepreneurship activities.

5.4.1. The development, growth and outcomes of ASOs in Norway

The exposition below provides a brief summary of the development, growth and out-
comes of ASQOs in Norway from the Mathisen (2017) study. The objective is to provide an
overview of the potential economic impacts created by ASOs. Note that events occurring
after 2015 are generally not reflected in the results.

Institutional origins

At the start of the observation period (1999), Norway only had four universities, which
were prestigious, long-established and research-intensive (hereafter: traditional univer-
sities). During a period of reform in the higher education sector in Norway, four former
university colleges were approved as new universities in the 2000s (hereafter: new uni-
versities). In addition, ASOs can have their origin at university colleges or public research
institutions (PRIs).

The four oldest universities are the most important institutions with respect to estab-
lishing ASQOs, followed closely by PRIs. The academic entrepreneurship literature is pre-
dominantly concerned with universities, often overlooking PRIs as a source of ASOs (for
notable exceptions see e.g. Clarysse & Moray, 2004; Clarysse et al., 2005; Heirman &
Clarysse, 2004; Moray & Clarysse, 2005). This analysis shows that PRIs represent ap-
proximately one-third of total establishments. Hence, not taking PRIs into account would
miss a significant part of total commercialization activities. PRIs absorb approximately
25% of total public R&D spending in Norway, and are important contributors to national
R&D activity. However, this is not unique to Norway, as most European countries have a
large number of PRIs (Gulbrandsen, 2011).
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Figure 5.1: Absolute number of new ASOs per year [1999-2011) distributed by type of
academic parent institution
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Together, university colleges and new universities play a quite limited role in com-
mercialization activities. This is somewhat expected due to being significantly less
research-intensive institutions. Going deeper, it also becomes evident that a few in-
stitutions are dominant within the traditional university category. NTNU represents
46% of ASOs from traditional universities (21% of the total portfolio). A total of 17
PRIs are represented and the concentration of spin-off activity among these is some-
what less pronounced compared with traditional universities. SINTEF is the largest
contributor, with 24% of the PRI category, followed by the International Research
Institute of Stavanger (IRIS) at 14% and the Institute for Energy Technology (IFE)
at 12%. These three institutions represent half of the ASOs established from PRIs.
SINTEF is by far the largest PRI in Norway and could thus be expected to establish
the largest number of ASOs. SINTEF is also very closely linked to NTNU, and to-
gether these two institutions represent 30% of all ASOs in the portfolio. NTNU and
SINTEF have a rich history of quite successful commercialization activities, especial-
ly within the electronics, information and communication technology (ICT) and mar-
itime technical areas. The analysis confirms that NTNU and SINTEF have a central
position in commercializing research in Norway (at least with respect to the number
of ventures).

Technology

While industry is a common control variable in management research, it is also a
challenging concept in the context of academic entrepreneurship. ASOs are known
to commercialize radical and general-purpose technology, which can be exploit-
ed in several industries through multiple application areas (Shane, 2001a, b).
Consequently, it is arguably more informative to segregate the portfolio based on the
type of technologies the ASOs are commercializing. Biomedical and software tech-
nologies have generally been found to be the most common technical fields for aca-
demic entrepreneurship (e.g. Golob, 2006; Lundqvist, 2014; Shane, 2004a). Figure 5.2
illustrates that this is also the case in Norway, where close to two-thirds of the ASOs
are primarily based on biomedicine and/or software:
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Figure 5.2: Distribution of ASOs in the portfolio by technological field
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Figure 5.2 is somewhat misleading because, e.g., software technologies can be used for
purposes outside what are usually considered as the ICT industry. There is also limited
insight into what the Other/Physical Products category contains. Figure 5.3 below pro-
vides a classification into technical application areas:

Figure 5.3: Distribution of ASOs in the portfolio by application areas
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The 11 application areas in Figure 5.3 can roughly be grouped into three technical do-
mains: Life Sciences, ICT and Electronics and Physical Products. This view provides
some interesting new details. For instance, the Medical Device and Biomedical Software
application areas together represent approximately 13% of the portfolio. While these
technologies are not based on the chemical or biological sciences, they still represent a
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significant proportion of the ASOs, targeting what could be considered the medical
industry. Overall, the distribution into technical application areas is in line with pre-
vious academic entrepreneurship research (see e.g. Lundqvist, 2014; Shane, 2004a).
However, the influence of the industry structure idiosyncratic to Norway is also ev-
ident. The Oil & Gas, Offshore and Maritime and Aquaculture application areas are
associated with major industries in Norway, with ASOs commercializing physical
products and solutions within these application areas representing 11% of all ASOs.
Moreover, this is likely an understatement, as ASOs in other categories also tar-
get these industries. For example, a substantial amount of ASOs commercializing
Industrial Software are targeting the oil and gas and maritime industries.

The ASOs’ technological focus is also strongly linked to the research activity of the
parent institution. PRIs tend to have a narrow scientific focus, and ASOs created
by PRIs overwhelmingly inherit and share the technical domain of their parent.
Albeit having a much broader scientific research base, a similar situation exists with
universities. The University of Oslo (UiO) represents over 40% of the ASOs in the
Pharmaceutical and Medical Device application areas, reflecting their leading scien-
tific position in Norway within the medical area. In contrast, NTNU only represents
approximately 10% of ASOs in this area, though being the most important university
overall.

The literature has mostly assumed that ASOs are commercializing specific inven-
tions (Karnani, 2013). Even so, ASOs can also be based on non-formalized scientific
expertise and tacit knowledge (Pirnay et al., 2003). Figure 5.4 shows that 26% of the
ASOs are established based on scientific expertise rather than specific inventions:

Figure 4: Distribution of ASOs in the portfolio based on specific invention vs. scientific
expertise

Scientific
Expertise
26%

Specific
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ASOs commercializing specific inventions can opt to legally protect their IP through
patents. In certain areas, such as drug development, patenting is extremely com-
mon (Thumm, 2004). In other areas, ASOs may favour secrecy and speed over formal
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IPR (Hall et al., 2014). For instance, software code can be difficult to patent effective-
ly, and trade secrets are often viewed as a better strategy (Hurmelinna Laukkanen
& Puumalainen, 2007). Overall, 26% of the ASOs commercializing specific inventions
applied for a patent(s). However, this figure is pushed downwards by the presence of
software firms, in which only 6% have patented inventions. As expected, less than 5% of
the ASOs based on scientific expertise have pursued patenting.

Venture Capital - Financing
The academic entrepreneurship literature generally finds that many, if not most ASOs,
are reliant on attracting risk capital from venture capitalists (VCs) to finance firm devel-
opment (Mustar et al., 2006). Figure 5.5 shows the cumulative incidence (for a formal
description of cumulative incidence functions please see Scrucca et al., 2007) of VC in-
vestments in the portfolio:

Figure 5.5: Cumulative incidence plot estimating the probability of initial VC investment

Figure 5.5 essentially estimates the cumulative incidences of initial VC investment in
the portfolio, taking into account the timing of occurrences with respect to venture age.
Roughly 45% of the ASOs are expected to eventually raise VC funding, and most do so
quite early in their development. After four years, one-third of the ASOs had raised some
form of VC financing, although no ASO raised initial VC financing after 10 years. When
combined, these findings indicate that ASOs are very frequent beneficiaries of VC fund-
ing, but that the possibility to raise VC funding declines dramatically after approximately
four to six years.

71



72

Report 2019

Figure 5.6: Detailed distribution of types of VCs active in the portfolio
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Figure 5.6 shows the distribution of VC investments in more detailed categories. The
most common type is VC investors specifically focused on seed investments [i.e. the
earliest stage of investment]. Most of the seed VCs active in the portfolio manage
government-sponsored funds (see e.g. Brander et al., 2014), where the Norwegian
government is an investor and/or provides risk adjustments to the private investors.
Traditional VCs (mostly private and early-stage funds) represent approximately 31%,
whereas corporate VCs fully backed by a corporate incumbent represent 11%. The
remaining 19% are a group of VCs that invest in a portfolio structure similar to more
traditional VCs, but, in fact, are fully funded by high-net worth individuals or families.

More broadly, professional investors like VCs are not the only external owners in
ASOs. Public research organizations (PROs, i.e. both universities and research insti-
tutions) are often initial owners in the venture, and other individuals and companies
will invest in the firm over time. Figure 5.7 shows the evolution of ownership among
four major owner groups.

“Founders” are the largest owner category in the ASOs and on average maintain a
35-45% ownership over time. Together with other individuals [i.e. other private own-
ers such as employees and private investors), individual owners control 45-60% of
the ASOs over time. Individuals other than the original founders become relatively
more important over time, although the founders still remain the largest group. The
distribution of private ownership is rather bi-modal, in which very low (below 5%)
and very high (above 95%) ownership is the most frequent. For example, the increase
in individual ownership in the oldest firms is primarily due to the relatively higher
proportion of ASOs fully owned by individuals at that time.
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Figure 5.7: Evolution of ownership structures for ASOs in the portfolio
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The parent academic institutions (i.e. PROs) are typically quite large owners in the early
years, but decrease their ownership significantly over time. This is likely because these
stakeholders primarily receive equity as compensation for transferring IPR into the ASO,
though typically have a limited ability to invest new capital going forward. In addition,
there are notable examples in Norway of TTOs selling shares in ASOs to external inves-
tors. More detailed analyses reveal two interesting findings. First, the initial ownership
by academic institutions is substantially higher in ASOs established more recently, but
the same pattern of decreasing ownership is present. This could be expected as a result
of the changes in IPR legislation in 2004. Second, academic ownership has a skewed dis-
tribution (and increasingly so over time), illustrated by the median academic ownership
being zero as early as in year six. At this point, the clear majority of ASOs do not have
any academic owners, and average ownership is affected by a few ASOs with a very high
academic ownership (predominantly from PRIs).

VCs and company owners (i.e. public and privately held companies with operational
business activities) seem to be of about equal importance. These two groups essentially
represent financial and industrial investors, respectively, and together these investors
increase ASO ownership over time to roughly 25-30% on average (peaking at around
ages seven to nine years). However, VC and company ownership have quite different dis-
tributions. Both share a skewed distribution in which zero ownership is clearly the modal
condition. However, significant differences arise in the cases when either VC or company
owners are present. VC investors typically maintain ownership of approximately 30-50%,
and very low/high ownership share is rare. In contrast, moderate company ownership
is quite uncommon, with full ownership becoming the modal condition over time. The
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latter refers to scenarios in which a company has acquired an ASQO, but operates the
business independently.

Of course, ownership structure will differ significantly based on many factors. This
will include circumstances from its origin, but also how resource-demanding and
successful the ASO’s development process has been. For example, ASOs that do
not experience significant growth are typically characterized with a high degree of
founder/individual ownership.

Survival and trade sales

Terminal outcomes of ASOs can be categorized as either “failure”, “transformed”, or
“acquired” (i.e. experiencing a trade sale). By definition, ASOs that survive have not
achieved either of these outcomes (during the observation period). Figure 5.8 illus-
trates the evolution of these outcomes, with cumulative incidence curves modeling
the three outcomes as competing events (Scrucca et al., 2007).

Figure 5.8: Cumulative incidence plot estimating the probability of competing terminal
outcomes.

f

In sum, one-third of the ASOs are expected to survive [i.e. exist independently) after
15 years. The survival rate appears to be very high, supporting other academic en-
trepreneurship research (see e.g. Rothaermel & Thursby, 2005; Zhang, 2009). After
10 years, only 30% of ASOs are expected to fail. Contrary to what could be expected,
failure by bankruptcy is actually quite rare. Only 23% of failures are due to bank-
ruptcy (or other forced dissolution), thereby implying that most ASO failures are vol-
untary dissolutions of the firm. This is in line with other research on voluntary vs.
involuntary exits (DeTienne & Wennberg, 2016).
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The failure curve does not seem to really flatten out at any point, with failures occurring
at 14 years and beyond. However, only the oldest cohorts in the portfolio had the op-
portunity to mature to such an age. Consequently, interpretation is somewhat difficult
beyond 10 to 12 years due to the limited number of observations. Nevertheless, the anal-
ysis indicates that ASOs have very long development processes before reaching terminal
outcomes.

Trade sales seem to be a very important outcome, with approximately 10% of ASOs ex-
pected to be acquired within 10 years. A trade sale is defined here by two criteria adopt-
ed from the technology acquisition literature (Puranam et al., 2003): (1] the buyer is an
industry incumbent significantly larger than the new venture; and (2) the buyer assumes
51% or more ownership (stock sale) or all productive assets (asset sale). Perhaps sur-
prisingly, Figure 5.8 illustrates that trade sales occur quite steadily from a very young
age. A closer qualitative inspection reveals the following conditions at the time of the
trade sale:

e The majority of ASOs are very small: 72% have five employees or less, 55% have less
than 3 MNOK in revenue and 80% are unprofitable.

¢ Only four firms have over 10 employees and three firms have above 20 MNOK in reve-
nue. One firm represents approximately 43% of all revenue and employees.

e Seven firms have an acquisition valuation above 50 MNOK, and one firm represents
more than half of the (known)] acquisition value in the portfolio (valuation of approx.
500 MNOK.

In fact, only approximately one-third of the trade sales can be understood as having a
substantial value exchange between buyer and seller. The majority of ASOs pursuing a
trade sale seem to use it as a mechanism to further develop their technology and busi-
ness concept in an industrial context. Although acquisitions by large foreign companies
do occur in the portfolio, the majority of buyers were domestic firms. Furthermore, many
of the ASOs acquired by foreign companies remained domestically, and even increased
the scope of their business activities locally.

An initial public offering (IPO) is a non-terminal outcome, and is often viewed as a fi-
nancial performance event. IPOs are rare outcomes of academic entrepreneurship in
Norway, but still represent a major source of firm value in the portfolio. Four ASOs went
public on the Oslo Stock Exchange during the observation period, in which three are
pharmaceutical drug development companies. Two ASOs were later delisted and remain
privately owned with modest valuations. The remaining two ASOs have current valua-
tions of approximately 5 billion NOK (approx. €550M), with one firm (Nordic Nanovector)
representing 90% of the total value. Again, a very skewed distribution is observed. More
importantly, the valuation of Nordic Nanovector grew aby approximately 700% in 2016
as the market responded to positive results from the firm’s clinical trials. As is com-
monplace in a pharmaceutical context, Nordic Nanovector has still not experienced any
significant commercial revenue (Gilbert et al., 2006).

Firm growth - revenues

Firms that fail cannot grow, but survival is not necessarily evidence for growth in the
context of academic entrepreneurship. Looking first at revenue, Figure 5.9 shows the
development in revenue from founding (ASOs are included in the analysis until reaching
a terminal outcome).
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The mean is always higher than the median revenue, indicating that the distribution
of revenue is skewed to the right. The bars show the share of the largest firms over
time, illustrating that a small number of ASOs are responsible for a large share of
total revenue. Over time, the distribution becomes more skewed and, after 10 years,
the highest grossing firm represents over one-fourth of total revenue. A more de-
tailed investigation of the distribution finds that very low revenues (i.e. below NOK
500,000) are most common, regardless of firm age. Three ASOs have experienced
revenues above 100 MNOK, and four additional firms above MNOK 50.

While it seems clear that a few ASOs will dominate total revenue generated over
time, it does not provide insight into how growth occurs on the firm level. Most ASOs
do not seem to grow at all, but growth spurts from certain firms ensure that the
average annual growth remains positive. Yet, Figure 5.9 shows that growth setbacks
also occur. Taken together, this indicates that “stasis” (Derbyshire & Garnsey, 2014),
i.e., no growth, may be a common growth scenario accompanied by discontinuous
and erratic growth events in certain ASOs (Coad, 2007, 2010; Garnsey & Heffernan,
2005):

Figure 5.9: Development in revenues (mean and median; thousands NOK] in years since
establishment (lines; measured on left axis). Share of total represented by the largest
and five largest firms (bars; measured on right axis).

To investigate this in more detail, each annual growth period was coded as “Growth”,
“Stasis”, or “Setback” according to the method outlined by Coad et al. (2015). Figure
5.10 shows that all three types of annual growth are approximately as frequent, with
Stasis being slightly more frequent at 38%:
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Figure 5.10: Distribution of growth type on annual basis in the portfolio
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Firm growth - employment

In certain new venture scenarios, employment will precede revenue growth, and thus be
a more useful indicator of growth (Delmar et al., 2003; Knockaert et al., 2011). For in-
stance, ASOs commercializing new pharmaceutical drugs often go for many years with-
out any sales (Gilbert et al., 2006). Figure 5.11 shows the development in labour cost in
the portfolio. Labour cost is preferred here over a number of employees because of its
more granular nature and automatically accounting for part-time positions.

It is fair to say that employment follows a similar development as revenues, in which a
few ASOs go on to represent the majority of employment over time. Revenue and labour
cost are also highly correlated (r = 0.85, strongly statistically significant), indicating that
to a large extent the biggest employers are the same ASOs with the highest revenues
(similar result to Shepherd and Wiklund (2009)). Most ASOs have very few employees (a
median increase of one to four employees for the oldest firms), with only seven ASOs hav-
ing more than 30 employees at any one time. The largest number of employees observed
for any ASO was 78. Comparable to revenues, most ASOs have no growth in employment.
However, employment and revenue differ with respect to the dynamics of growth. Labour
cost exhibits very strong serial correlation (r = 0.94, strongly statistically significant). This
indicates that growth in employment is highly path-dependent, with less variability and
erratic patterns compared with revenue growth:

77



78

Report 2019

Figure 5.11: Development in labour cost (mean and median; thousands NOK] in years
since establishment [lines; measured on left axis]. Share of total represented by the
largest and five largest firms [bars; measured on right axis).

Firm growth - profitability

Sooner or later, the objective of all independent firms, is to make a profit.
However, losses frequently occur in the period when technologies are devel-
oped into marketable products and services. Figure 5.12 shows the development
in operating result (earnings before interest and taxes, EBIT) from founding:

Figure 5.12: Development in operating result [mean and median] in years since estab-
lishment (thousands NOK]
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Most ASOs sustain consistent negative, but very small losses. The major difference be-
tween the mean and median indicates a skewed distribution, and that some ASOs run
major operational losses. Figure 5.13 shows the extreme values (max/min) of operating
result at each firm age.

Figure 5.13: Maximum and minimum operating result (thousands NOK]

While profits above 10 MNOK occur from around year five, losses are far more frequent
and substantial. Starting in year four, the activities of certain ASOs generate losses in
excess of 50 MNOK. More detailed insight was obtained from analyzing the ASOs at both
ends of the profitability extremes. First, the ASOs achieving the highest profits general-
ly do so after running losses (and often quite substantial ones] in earlier years. These
ASOs have successfully commercialized their technology, and have been able to grow
revenues to a point where sustainable profitable operations have commenced. In partic-
ular, one ASO has the three highest years of operating result observed in the portfolio,
supporting earlier findings of the large impact of a few ASOs.

A further analysis of operating results over time reveals that several growth trajectories
can lead to profitability. Since their founding, two of the most profitable ASOs (in accumu-
lative terms) have created consistent, but moderate, positive profits for the last 15 years.
Interestingly, both ASOs offer consulting services based on unique scientific expertise. In
other words, these ASOs are not only commercializing specific inventions. Hence, while
the highest profits are not generated from these service-based business models, profit-
ability can be achieved much more quickly.

Moreover, the ASOs generating the highest losses generally have major operating costs
other than employment. Many of these ASOs are developing new pharmaceutical drugs,
and these costs presumably relate to clinical trials and other development expenses.

To be clear, employment costs are always present, but they are not the main contributor
to the high operating costs in these cases. The ASOs in question are obviously able to
sustain such losses because of success in raising substantial VC capital. Thus, from one
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perspective, these are highly unprofitable firms. But from another perspective, these
are the same firms receiving high valuations, and viewed as the most promising
new ventures in the portfolio. The ambition of both entrepreneurs and investors is
future high profits or high value IPOs and/or trade sales. This counterintuitive fact is
a distinctive characteristic of this portfolio of ASOs (Rasmussen & Mathisen, 2017).

5.5 Conclusion and implications

This chapter has presented a comprehensive analysis of Norwegian ASOs, inves-
tigating their origins, development, growth and ultimate outcomes. In conclusion,
three areas seem particularly important for policymakers. First, commercialization
can occur through qualitatively different outcomes; therefore, focusing only on sim-
ple or singular performance outcomes will likely have major limitations. While a firm
might appear to be unsuccessful in one facet of performance (e.g. profits), it might
simultaneously be highly successful in another (e.g. firm value). For instance, trade
sales with very high valuations do occur, and more generally, trade sales seem to be
an important mechanism to access the necessary resources to successfully scale-
up commercialization processes. Assuming the survival of an independent firm as
a precondition for success is thus misguided. In addition, trade sales often have un-
favourable connotations in policy circles because of the fear that technologies and
firms partly financed by governmental resources and tax dollars will be “sold of the
country”, thus surrendering the new knowledge-based employment opportunities
which would be created locally. Although acquisitions by large foreign companies
do occur, the majority of buyers in the portfolio were domestic firms. And many, if
not most, of the ASOs acquired by foreign companies remained domestically, and
even increased the scope of their business activities locally. Successful trade sales
also provide high returns for entrepreneurs and VC investors, which can then be
re-invested into new ventures. For these reasons, policymakers should keep an open
mind with respect to trade sales. More specifically, policymakers should facilitate
for large foreign industry incumbents to interact with domestic PROs for the mutual
benefit of both parties.

Second, skewed distributions and the extreme impact of outliers appear to be the
norm across most dimensions of the ASO phenomenon. Under these circumstances,
interpreting average values should be done with care as they are mostly misleading.
A meaningful evaluation of a portfolio of ASOs must therefore pay particular atten-
tion to the portfolio’s outliers and not only its most common members. This is a
general feature of all science commercialization, including patenting and licencing.

Finally, the time needed for the commercialization of research is very long, and devel-
opment and growth can be discontinuous and erratic. The timing of evaluation mat-
ters a great deal as the status and prospects of ASOs can be dramatically changed
over short periods. For example, in the days preparing this chapter, the portfolio
company Ultimovacs went public on the Oslo Stock Exchange with a valuation of over
500 million NOK. These findings are fully compatible with phenomena characterized
by a high uncertainty and skewed outcomes such as ASOs demonstrably are.
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6. Entrepreneurship education
and its impacts

This chapter presents the main findings from the literature on entrepreneurship educa-
tion. We first introduce and explore the foundations and philosophy of entrepreneurship
education, illustrating how it has evolved from a focus on new venture creation to an
individual-centric view. The second section of this chapter focuses on the organization
of entrepreneurship education, viewing both curricular and extra-curricular develop-
ments. In this section, we also use several examples developed by NTNU in order to
illustrate how entrepreneurship education activities could be organized. The last section
will focus on the assessment of entrepreneurship education, in which contemporary ap-
proaches and designs of assessment are presented. This section also points to some of
the identified issues with the current practices and literature on this topic. The chapter’s
key takeaways are then summarized in the last section.

6.1. Main trends in entrepreneurship education

Since its early introduction in the 1970s, entrepreneurship education has been grow-
ing in numbers (Katz, 2003; Kuratko, 2005) and in its approaches to educational design
(Aadland & Aaboen, 2018; Hagg & Gabrielsson, 2019; Mwasalwiba, 2010). While the early
offerings focused on new venture creation and small business development (McMullan &
Long, 1987), and were mostly found in the universities’ business departments (Gartner &
Vesper, 1994), entrepreneurship is now a cross-campus initiative established in a num-
ber of departments, e.g., engineering (Creed et al., 2002; da Silva et al., 2015; Standish-
Kuon & Rice, 2002), nursing and pharmacy (Boore & Porter, 2011; Shahiwala, 2017) and
publishing (Faherty, 2015).

The focus of the education has also changed into a more holistic view, in which the en-
trepreneurial mind-set and the idea of graduates contributing in a broader sense than
simply new venture creation has grown (Blenker et al., 2011; Neck & Greene, 2011).
With this view, changes in the educational approaches have also occurred at a rapid
tempo, developing into a more student-centred focus (Aadland & Aaboen, 2018; Hagg &
Gabrielsson, 2019). This approach could include collaboration and internship with estab-
lished companies (Saukkonen et al., 2016), business simulation (Pittaway & Cope, 2007b)
and student-TTO collaborations and venture creation (Lackéus & Williams Middleton,
2015; Siegel & Wright, 2015). As such, the students’ role has changed, not only from a
passive knowledge receiver to a self-directed individual in an educational sense, but to
obtaining a more central role in the entrepreneurial-university context as well. The role
and activities for students in the university context is also central in the development of
an entrepreneurial ecosystem, and for fostering entrepreneurial activities (Wright et al.,
2017).

However, while entrepreneurship education now spans a broader range in terms of out-
comes, approaches and disciplines, the primary goal of introducing entrepreneurship to
students through education is the idea that this will foster economic growth and regional
development (0'Connor, 2013). As mentioned, the means to reach this end do differ, from
new venture creation and growth, through developing entrepreneurial skills, to changing
attitudes, culture and spirit (Mwasalwiba, 2010). For example, engineering students are
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introduced to entrepreneurship education, since entrepreneurial attitude and skills
are seen as important for the innovating activities these students and graduates
are taking part in (Oswald Beiler, 2015; Yi & Duval-Couetil, 2018). Hence, from this
overarching objective to the programme and course-specific objectives, and with the
various approaches and designs in entrepreneurship education, the interest and lit-
erature on the assessment of courses and programmes has also seen a massive
increase in later years (Longva & Foss, 2018; Nabi et al., 2017).

6.2 Foundations and Contemporary Focus
of Entrepreneurship Education

As previously stated, entrepreneurship education has gone from being a business
school offering focusing on new venture creation, to becoming a cross-disciplinary
initiative aiming at changing the mind-set of its enrolled students. With this devel-
opment, the educational philosophy in the field has also changed, and to a large de-
gree removed itself from tangential education (e.g. management and business) and
become entrepreneurial itself (Neck & Greene, 2011). The view has become more
holistic, focusing on the individual's mind-set rather than new venture creation, and
student-centred education rather than teacher-directed approaches (Aadland &
Aaboen, 2018; Hagg & Gabrielsson, 2019).

The early literature described entrepreneurship education organized in the busi-
ness schools and focused on new venture creation, which was the optimal outcome
(McMullan & Long, 1987). The literature then followed this view, and presented
educational approaches in the direction of the entrepreneurial process (Gartner &
Vesper, 1994; Plaschka & Welsch, 1990). However, the focus later changed some-
what to the individual as an entrepreneur. This might also be as a result of a growing
interest among European scholars, which had a broader view on entrepreneurship
(and enterprise) compared to their North American colleagues (Hdgg & Gabrielsson,
2019). While the latter view entrepreneurship as self-employment and the initiation
of new ventures, the European scholars focus more on attitudes and behaviour in
both new venture creation and small businesses (Hagg & Gabrielsson, 2019). In par-
ticular, the learning and development of the individual as an entrepreneur became
more prominent (e.g. Jones & English, 2004; Pittaway & Cope, 2007b; Shepherd,
2004). This trend continued into the 2010s, although the view of an entrepreneur
in entrepreneurship education became broader than in previous literature, as the
entrepreneur might contribute to different situations other than new ventures and
small businesses (Blenker et al., 2011), but also in that new terms such as social
entrepreneurship appeared (Pache & Chowdhury, 2012).

In later years, the view of entrepreneurs as individuals who contribute in different
situations has stood forth in the literature, especially on the European side of the
field. The idea that the competences used by entrepreneurs are applicable in dif-
ferent disciplines has become evident, with the idea of life-long learning through
entrepreneurship being central in the field (Hdgg & Kurczewska, 2016). A growing
literature is also exploring the outcomes from educations in terms of an entrepre-
neurial mind-set (e.g. Lindberg et al., 2017), often defined as deep cognitive struc-
tures which are altered and developed through experiences with entrepreneurship
(Krueger, 2007). As such, learning through experiences is a central topic in contem-
porary entrepreneurship education, and the concept of entrepreneurial learning has
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been supported and applied as a framework in understanding the approaches used in
action-based entrepreneurship education (Hagg & Kurczewska, 2016).

Entrepreneurial learning build on Kolb's (1984) theory of experiential learning (e.g.
Politis, 2005); therefore, reflections have also obtained a central place in entrepreneur-
ship education (Hagg & Kurczewska, 2016), which stands in contrast from the view found
in the early literature on entrepreneurship education. Thus, it is through the mind-set
that entrepreneurship is obtaining a growing acceptance in other disciplines, and where
entrepreneurship previously was (and in some instances still is) considered a business
and new venture activity, the focus has shifted into a broad and narrow view (Hoppe et
al., 2017). The narrow view still follows the North American view that entrepreneurship
is about creating new ventures (Neck & Corbett, 2018); however, the broad view aims
more at entrepreneurial competences and value creation (Hoppe et al., 2017), and as
a result has developed innovative and entrepreneurial individuals independent of their
discipline. For instance, Boore and Porter (2011, p. 191) state that “Nurses in any area of
practice and at any level will be able to make a valuable contribution to health care if they
demonstrate the characteristics and skills of the entrepreneur.” The same is found in the
publishing discipline, in which changes and development in the industry has demanded
a call for more enterprise and entrepreneurial skills among future graduates (Faherty,
2015) or among engineers, who are continuously challenged in being innovative and cre-
ating new value (da Silva et al., 2015).

Entrepreneurship education is explained above and is recognized as more than simply
new venture creation, and as universities are to a growing degree introducing entre-
preneurship to their students, new ways of designing entrepreneurship education and
embedding it in courses or programmes have emerged. However, while the concepts
are getting broader, the approaches and designs of such educations are more difficult
to follow than ever. The next section will therefore explore educational approaches and
designs from a narrow to a broad view, but also introduce the ideas of extra-curricular
activities, as these are becoming more important for students in higher education.

6.3 Organizing Entrepreneurship Education in Higher Education

Because entrepreneurship is moving into different departments and faculties, a central
question is how to design relevant teaching forms of entrepreneurship. In their research,
Warhuus and Basaiawmoit (2014) found a difference in centralization or decentraliza-
tion of the programmes investigated, in addition to a connection between the number of
credits offered in the programmes and the number of students they reached. In terms of
centralization, one department delivers the educational offering to different disciplines,
either as a stand-alone course (Wilson, 2008) or through collaborative efforts in which
business departments deliver modules or lectures in the courses (e.g. Hynes, 1996).
Otherwise, the offering is placed at the different departments (Handscombe et al., 2008,
but might require champions to drive the courses and bring their development forth
(Wilson, 2008).

However, examples of courses developed as joint efforts between different departments
are also present, such as the WOFIE course at Aalborg University (McDonald et al., 2018).
The different courses could also be small or big in terms of the number of students, in-
dependent of being centralized or a department-specific offer (Warhuus & Basaiawmoit,
2014), but as also noted fewer students might obtain a higher amount of credits. This
is a result of the resource demand some education requires (Aadland & Aaboen, 2018;
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Mwasalwiba, 2010), e.g., through the venture creation activity and strategic collabo-
ration this demands (Lackéus & Williams Middleton, 2015; Rasmussen & Sgrheim,
2006), or through their own incubators for the education’s students (Warhuus &
Basaiawmoit, 2014). Hence, a balance is required, which could be the reason some
education still applies a more traditional approach to entrepreneurship education
and teaching about entrepreneurship (Aadland & Aaboen, 2018; Mwasalwiba, 2010,
but still with an objective of creating entrepreneurial individuals.

Box 6.1 Entrepreneurship education organization in the Nordics - examples

In a recent study by Aadland and Aaboen (n.d.}, 10 Nordic technical universities were
explored in terms of their educational efforts in entrepreneurship. Two universities
from each country were included and three to four teacher and course managers at
each site were interviewed, in addition to a collection of resources from web sources.
As illustrated in Table 1 below, the findings show that the different countries applied
different designs and approaches to their offering of entrepreneurship education.
While the Scandinavian and Islandic universities offered programmes in entrepre-
neurship, Finland appears to only focus their effort in centralized “hubs”, where ei-
therindependent, non-academic departments or specific departments organized the
offerings. In addition, while none of these universities had prominent programmes,
they still offered minors or majors in entrepreneurship for their students. However,
while the other universities in the other countries did not have a similar prominent
hub, in the majority of cases they organized their offerings from one department.
Some of the universities offered courses to all students (often mandatory), while
others had more specialized courses designed for the intended disciplines.

Table 1: Overview of the studied universities’ entrepreneurship education offereings,
from Aadland and Aaboen (n.d.)

Country University Entrepreneurship cours- | Entrepreneurship Organization
es included in the study | programmes
included in the
study
Denmark Aalborg 4-day interdisciplinary 2-year master Several departments involved; collab-
University workshop; courses programme oration; "hub” organizing activities
as part of bachelor
programme
Aarhus Summer course; cours- Mostly one department delivering
University es as part of bachelor courses to other departments
programmes
Finland Aalto Two minors as part of One department provides 50% of the
University other programmes; courses; other departments offer
courses as part of other related courses; student “hub” orga-
programmes nizing activities
Technical Minor and cours- Collaboration between three universi-
University of | es as part of other ties; “hub” organizing activities
Tampere programmes
Iceland University of | Courses as part of other | 3-semester master | Collaboration primarily between two
Iceland programmes programme departments
University of | 3-week interdisciplinary Courses primarily organized by one
Reykjavik course; minor as part of department
master programme
Norway Norwegian Courses as part of 2-year master Programme and courses from one
University of | master programmes programme department; student “hub” organizing
Science and activities
Technology
Arctic Courses as part of 2-year master Programme and courses from one
University master programmes programme with department in collaboration with
two tracks semi-internal lab
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Sweden Chalmers Courses as part of 2-year master Programme and courses from
University of | master programme programme with one department; “hub” organizing
Technology four tracks activities
Lund Courses as part of 1-year master Programme from one department;
University master programmes programme collaboration with science park

6.4 Educational Approaches in Entrepreneurship Education

With the development fromabusiness focus tothe entrepreneurialindividual and its mind-
set, the design of the learning has gone from a passive approach to more action-based
education (Aadland & Aaboen, 2018; Rasmussen & Sgrheim, 2006). Traditional lectures,
readings and case studies (Gartner & Vesper, 1994) have been expanded to simulations
(Pittaway & Cope, 2007b) and real venture creation (Lackéus & Williams Middleton, 2015;
Rasmussen & Sgrheim, 2006; Fayolle, A., Verzat, C. & Wapshott, R. 2016). In the field in
general, numerous teaching methods are found in addition to those mentioned, such
as videos and filming, games and competition, role models and guest speakers, proj-
ects, workshops, presentation, discussions and group work, study visits, business plan
creation, internships, peer-learning, reflections and feedback from faculty (Aadland &
Aaboen, 2018; Mwasalwiba, 2010). In the organizing of these, prior literature has sepa-
rated education as “about, for or through” entrepreneurship (Hannon, 2005; Hoppe et al.,
2017; Pittaway & Cope, 2007b), in which “about” is aiming at giving students basic insights
in entrepreneurship. Education “for” entrepreneurship aims at giving students skills and
competences needed for acting entrepreneurial, while education “through” aims at giv-
ing the students real experiences through actual entrepreneurial action. However, this
classification has various definitions (e.g. Hoppe et al., 2017; Mwasalwiba, 2010}, but
could be compared to “passive, participative or self-driven” (Aadland & Aaboen, 2018) if
the educational approaches embedded in the “about, for or through” classification were
to be compared to this framework.

In the development of educational designs, the approaches are to a higher degree
now aiming at reaching the self-driven class, that is, approaches where the students
themselves are more self-directed in their learning (Robinson et al., 2016). This could
be through simulations (Pittaway & Cope, 2007b), time-limited, student-driven busi-
ness development and activities (Stone et al., 2005), or real venture creation (Lackéus
& Williams Middleton, 2015; Rasmussen & Sgrheim, 2006). In these cases, the students
are responsible for their own learning situation to a higher extent, and need to han-
dle entrepreneurial situations, where uncertainty and risk are central (Robinson et al.,
2016), but also where the experiences are giving the students learning beyond traditional
internships (Creed et al., 2002). In the latter example with internships, which is a more
participatory design, the students are obtaining experiences through activities detailed
through applying pre-defined tools, methods or goals, which is different from the self-di-
rected students who might not know what the problems they are solving are (Aadland &
Aaboen, 2018).

However, while the approaches are becoming more action-based and student-centred,
Robinson and colleagues (2016) warned about bringing the educational approach to not
only being student-centred, but also to include more traditional or passive approaches.
This is a necessity in order to be able to let the students understand why the different
methods or tools are introduced and how these could or could not be applied, in addition
to giving the students an understanding of the development of the field of entrepreneur-
ship and the approaches init. This will also be central for the reflections that the students
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need to be able to learn through an experiential approach (Hdgg & Kurczewska,
2016), which is central to the development of an entrepreneurial mind-set.

In terms of curricula and a focus on the entrepreneurial activities, the field of course
differs depending on whether the education’s focus is broad or narrow. Activities
connected to new venture creation, such as business planning or small business
management, are present in the programme or courses in applying the narrow
approach to entrepreneurship, while activities connected to the entrepreneurial
mind-set could be found in both the broad and narrow approach. Examples of the
latter could be opportunity recognition (Baggen et al., 2018) or teamwork (Taks et
al., 2016). Nonetheless, the field in general also contains business planning, new
venture creation, risk and uncertainty, marketing, organization and team building,
managing growth, as well as financing and marshalling resources subjects taught in
entrepreneurship (Mwasalwiba, 2010).

Hence, the differences found in approaches and content in entrepreneurship ed-
ucation are vast, with the design depending on its objectives, students and ex-
tent. For this reason, some educations might apply complex designs involv-
ing several activities and foci, whereas others are more limited, as this fits
their objectives and students. In Box 2, a presentation by the NTNU School of
Entrepreneurship follows, which provides an example of how different learning
approaches are included together with students’ new venture creation processes.

Box 2: The NTNU School of Entrepreneurship

The NTNU School of Entrepreneurship (NSE) is a two-year, 120 ECST programme in
entrepreneurship, open to all students from different disciplines with a Bachelor’s
degree or similar. The programme has a cohort of approximately 35 students each
year, who are selected for the programme through a process in which they are eval-
uated based on an application letter, their grades and an interview with faculty. Over
more recent years, the programme has had 30-40% females, while the students’
background has been approximately 50% engineers, 35% social sciences and the
rest from subjects in the sciences. The programme has its own incubator (only for
the programme’s students) organized by the students, where both the first- and sec-
ond-year students have their offices.

Central to the NSE's education is that the students start and run their own new ven-
ture during the two-year programme. These ventures are based on different busi-
ness ideas tested through a course on feasibility studies and market assessment
that the students take during their first semester. The ideas often come from the
students themselves, but also from industry, collaborating TTOs or research labs,
or from the university’s employees in some cases. In the same course, the students
also travel to CERN'’s research laboratory in Geneva, Switzerland, where they test
and verify CERN’s technology potential for commercialization. This collaboration
has resulted in several student teams collaborating with CERN and creating new
ventures based on their technology. After the first semester, the students join in
teams and select different ideas, which they later start new ventures based upon.
The venturing process runs through the last three semesters, in which courses are
connected to the activities in the various new ventures. Thus, the programme uses
the students’ experiences in their ventures as “a vessel for learning” (Lackéus &
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Williams Middleton, 2015), with reflections on their activities a part of the curricula and
assignments in the first two semesters, and through conversations with faculty during
their last year.

The different courses, and how they are organized, are illustrated by Figure Box 2-1
below. The specialization courses are discipline-specific courses that the students
choose based on their previous study background. The various courses included in the
programme all hold, or together hold, a focus on being traditional, participatory and
student-driven. One example is the course, “Idea search and feasibility study”, which
contains traditional lectures, diaries for reflection and readings, but is also participatory
through the introduction and application of tools and methods, report writing and pre-
sentation, and is self-driven through the choices that the students have to make in terms
of which methods to apply and problems to solve. This tripartition is reinforced later
in the programme, when the students’ ventures are actively used in the courses, e.g.,
in “Technology-based business development”. The programme is also experimenting
and testing out new methods to be able to further connect the students’ activities in the
second and third semester to theoretical frameworks in the third semester, for example
through case writing on the students’ own ventures.

In terms of content, the programme introduces topics that are general and necessary
for all ventures, though differently applied in the different new ventures based on their
nature. Examples here are intellectual property rights and financials, as these topics
applies to both product- and software-based ventures. Other topics include business
planning, business modelling, strategy, marketing, negotiations and teamwork central
to the programme; also illustrated in Figure 1 and the programmes’ courses.

Technology-based

o Ideasearch and business development

S feasibility study Specialisation project

5 Industrial marketing (15 ETCS)

= Strategic management and international Master thesis
£ business Specialisation subject (30 ETCS)

3 Specialisation course

”%J Experts in teamwork Specialisation course

Specialisation course
Specialisation course

Idea generation Business planning Business development

Venture
focus

Figure Box 2-: NSE programme design with courses and business focus. All courses are
7.5 ETCS unless stated otherwise, with the specialization courses selected by the stu-
dents based on their prior study background.

The programme’s objective is to develop the students as entrepreneurs with skills and a
mind-set such that they might become business developers. The term business develop-
ers is defined here as individuals who can work in private or public industry, and in small
or big organizations, where the graduates further develop these businesses. However,
some students continue, and are encouraged to do so, in the ventures they start during
NSE. Each year, approximately 50% of the students start working full-time in their own
ventures upon graduation. And while this number in each cohort is somewhat reduced
one year after graduation, a recent study by Aadland and Haneberg (2018) shows that
on average students participating in the programme pursue more opportunities simul-
taneously and work in new ventures longer, compared to those who applied for the pro-
gramme, but were not enrolled when controlling for the enrolment process.
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6.5 Extra- and Co-Curricular Entrepreneurship Education

As identified by Aadland and Aaboen (2018), the content and form of education are
also considerably influenced by the education’s context, i.e., the university 's entre-
preneurial ecosystem. Some educational programmes collaborate with local indus-
try (Stone et al., 2005; Yemini & Haddad, 2010), in which students’ ventures solve
problems for established companies and at the same time receive guidance and fi-
nancial support. This is an indication that the education’s context (i.e. the university s
contact network with firms in the region and nationally) shapes the actual content
of the education offered by the specific university. This context of an entrepreneurial
ecosystem at the university therefore influences not only the form of education, but
also the initiatives that exist among faculty and students (Levie, 2014; Wright et al.,
2017). As such, extra- and co-curricular initiatives have become more important in
entrepreneurship education.

Examples of extra- and co-curricular initiatives have been mentioned in the descrip-
tion of the student-TTO collaboration in Lackéus and Williams Middleton (2015]), or
in the description of student-mentors for faculty and other students by Levie (2014).
In addition, are there other initiatives like student clubs, business plan competitions,
mentoring services and student incubators (Bischoff et al., 2018; Boh et al., 2016;
Pittaway et al., 2011, 2015). The findings from the literature show that these initia-
tives are an important source for learning-by-doing, and for giving the students ex-
periences and social learning (Pittaway et al., 2011). While the focus on this topic has
been rather limited in the literature (Pittaway et al., 2011; Pittaway & Cope, 2007a),
more research has emerged over later years, as this phenomenon has become more
and more important in the university's ecosystem (Siegel & Wright, 2015).

However, as Wright and colleagues (2017, p. 919) write: “It is difficult to create a
student entrepreneurship ecosystem from scratch or in a vacuum. Existing start-ups
and entrepreneurial projects are needed.” Thus, these ecosystems appear to be built
through a collaboration among the university, its faculty and students, and where
an initiative and need is identified among the students. The following two exam-
ples are both initiatives that were started by students, but where the first also had a
close collaborator and stakeholder in local industry when it was initiated (see Box 3).

Box 3: Two examples: Spark* NTNU and Start

Spark* NTNU is an organization that delivers mentoring services for- and by stu-
dents at the university. The service is free, and the mentors are employed by the
university. The mentors are often students at the previously mentioned NTNU School
of Entrepreneurship, who have some experience as entrepreneurs and business de-
velopers. The primary goal of the organization is to help students bring their ideas
to the next level, and to give them some experience in working on their own ideas.
Consequently, it is not a goal to help the students such that all ideas are becoming
the students” workplace upon graduation, but rather to change the students’ attitude
towards entrepreneurship and to show them that their own venture is a possibility.

By 2018, Spark* NTNU guided more than 300 projects, with approximately 1,000 stu-
dents having been reached through the initiative. In addition to the mentoring ser-
vice, it has also arranged numerous events like “Join a start-up night” and “Thirsty
Thursday”. Student teams might also apply for a small grant from Spark* NTNU (up
to 25,000 NOK)] for travel, prototyping or equipment, so that the next level of their
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ideas might be reached. While the students run Spark* NTNU, it also collaborates with
faculty at NTNU, and is a member of “Engage - centre of excellence in education”, which
is located at NTNU and Nord University.

The other example of a student-led organization is Start NTNU, which is a part of Start
Norway. This nationwide organization is non-profit, and aims at promoting innovation,
sustainability and entrepreneurship at higher education institutions in Norway. It is cur-
rently established at 17 higher education institutions in Norway, and hosts both local
and national events. This organization also collaborates with local industry, but where
Spark* NTNU focuses on developing ideas, Start NTNU could be said to be an initiator
of ideas among the students. As such, these two organizations succeed each other, and
have a close collaboration at NTNU.

6.6 Assessment of Entrepreneurship Education

As presented in the previous sections, the focus on entrepreneurship education in-
creased tremendously, not only through curricular activities, but also in the universities’
environment and context. However, with the increase in new collaboration opportunities
and co-curricular activities, in addition to the changes in focus and approaches for en-
trepreneurship education, a recurring question is whether entrepreneurship education
works and how well it works, which is reflected in the increase in the literature on as-
sessment (Longva & Foss, 2018; Nabi et al., 2017). Meanwhile, as the number of studies
on this topic is rising, questions could be asked as to whether the methods applied today
give us the correct answers (Longva & Foss, 2018; Rideout & Gray, 2013), which calls for
new methods and foci already made (Nabi et al., 2017; Roberts et al., 2014).

When the early literature on entrepreneurship education pointed at new venture creation
as the preferred outcome, researchers immediately faced the problem with the potential
time lag between graduation and new venture creation (Duval-Couetil, 2013). A way to
handle this issue was to introduce alternative outcome measures for entrepreneurship
education in the assessment, e.g., entrepreneurial intentions (Bae et al., 2014), but also
to apply different measures at different time intervals (Nabi et al., 2017). Duval-Couetil
(2013) found that measures in the literature could be course-specific, programme level
or focused instruments, while Longva and Foss (2018) divide between cognitive, sKkill-
based, affective, conative and behavioural measures. Hence, numerous ways have
evolved in terms of assessment, but with a literature flourishing with various approach-
es, designs and assessment literature missing thorough descriptions of the education
assessed (Nabi et al., 2017), doubt still exists on which approaches are best for entrepre-
neurship education. However, while many measures exist, the investigation of students’
entrepreneurial intentions is much more applied than others are (Rideout & Gray, 2013).

The theory of entrepreneurial intentions builds on the theory of planned behaviour (Ajzen
et al., 1991), which in short is a measure of someone’s “desire to own or start a busi-
ness” (Bae et al., 2014, p. 218]). While this measure has been applied numerous times
(e.g. Chen et al., 1998; Kolvereid & Moen, 1997; Seibert et al., 2005, it sometimes shows
negative results for entrepreneurship education (Oosterbeek et al., 2010}, as the mea-
sure itself could be questioned as being efficient in assessing entrepreneurship edu-
cation (Bae et al., 2014). In particular, the connection between intentions and action in
entrepreneurship education assessment is somewhat lacking, although with some ex-
amples that have explored this topic (e.g. Rauch & Hulsink, 2015). Nevertheless, this is
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still important for the stakeholders of entrepreneurship education, as in the end it is
the subsequent behaviour that is of interest (Westhead et al., 2001).

Hence, the question of effect in terms of reaching the education’s objective is ex-
plored with ease through measures other than actual behaviour. However, this also
forces the researcher to assume that the students also learn and obtain the intended
knowledge and skills when applying intentions as the outcome measure and con-
cluding on the changes in the intention measure. The same could be said about
measures investigating students’ trait development or similar, but this is not with-
out potential consequences. As shown by Aadland (2019), students’ learning is not
only influenced by the education itself, but also by the context and collaboration that
the students have with the outside world. For instance, in a forthcoming work by
Haneberg and Aadland (n.d.), they found that students creating new ventures had
more complex learning processes than students without new ventures in the same
education. The students without new ventures learned more from the student-com-
munity they were a part of and focused on their future careers, whereas students
with new ventures focused more on their start-ups and contemporary issues in their
learning process (Haneberg & Aadland, n.d.). Thus, with new types of education
focusing more on creating an entrepreneurial mind-set through student-directed
learning operating in the real world, the learning and outcomes from the education
become more open-ended (Aadland, 2019). This student-specific perspective is dif-
ficult to account for with the assessment tools that are applied, as these often imply
that the students learn the same, without taking the context into consideration, nor
the learning approach that the education applies (Aadland, 2019).

However, the measures that are applied when the students are in their educational
pathway are still in the majority, with the convenience of these methods likely the
reason for their outnumbering compared to longitudinal research on graduates’ ac-
tivity, which experiences a lack of research. While a minority of entrepreneurship
education graduates work in their own ventures (Dahlstrand & Berggren, 2010), few
have explored how the education has an effect on the students” employability and
task performance, although calls for this have been made (Pittaway & Cope, 2007a).
One example that has explored this is a study by Premand and colleagues (2016),
which explored self-employment rates in Tunisia after introducing students to a new
type of educational design, though with mixed results. On the other hand, others
have explored graduates” actions in other ways, which illustrated a positive influ-
ence from entrepreneurship education (Astebro et al., 2012; Dahlstrand & Berggren,
2010; Lyons & Zhang, 2018).

Although the literature is increasing in terms of entrepreneurship education assess-
ment, there is still a need for new methods, and with the importance of the con-
text and students’ role in the entrepreneurial ecosystem at the university (Siegel &
Wright, 2015), more focus should be on the contextual factors in the assessment of
entrepreneurship education (Aadland, 2019; Nabi et al., 2017). Moreover, with the
students’ learning being influenced by the context and community they are a part
of (Haneberg & Aadland, n.d.), and also being dependent on the learning approach-
es applied in the education (Aadland, 2019), a holistic view and approach is needed
when assessing entrepreneurship education. Therefore, entrepreneurship education
cannot be separated with ease from its university like other courses or disciplines
might; it is much more context-dependent.
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6.7 Conclusion and implications

This chapter has explored some of the most prominent developments in entrepreneur-
ship education and its impacts. While the early literature on entrepreneurship education
focused on the processes of starting new ventures and had this as their primary objec-
tive, modern entrepreneurship education focuses on the individual and the development
of entrepreneurial mind-sets. This is reckoned to be achieved through experiencing en-
trepreneurial activities, which invokes more action-oriented and student-centred learn-
ing approaches. By obtaining such a mind-set, students have the possibility to be entre-
preneurial in a number of different situations, not only through new ventures, but also in
established organizations, both public and private.

With this broader focus on the outcomes of entrepreneurship education, several disci-
plines have adopted and embedded entrepreneurship into their curricula, and as such,
the organizing of entrepreneurship education at different universities has evolved into
several different and new designs. Some universities offer mandatory courses, while
others have hubs offering entrepreneurship education to students willing to take cours-
es within this topic. At some universities extra- and co-curricular activities in entrepre-
neurship are also emerging, being implemented in the context through, e.g., mentoring
services or incubators, and being central and important in the development and creation
of the universities’ entrepreneurial ecosystem.

Furthermore, as the students are offered more education that has a student-directed
design, this gives the students more freedom and control of their learning situation.
However, as argued by several, there should also be a balance between teacher-directed
and student-directed education, since the latter is a source to more open-endedness in
terms of learning among the students. The same is also the case where students are
working in more authentic or real situations; while this gives the students a source of
experience that moderates the development of their entrepreneurial mind-set, it also
introduces extra uncertainty into the learning situation.

These points are also of importance in assessing the impacts of different entrepre-
neurship educations. As the literature on entrepreneurship education assessment
increases, the context of the entrepreneurship education is still an ignored factor. In
addition, the students’ learning process has been shown to even vary between stu-
dents within the same education, this being of importance when assuming equal
learning when applying different outcome measures in different assessment studies.

Thus, entrepreneurship education and the impact assessments of entrepreneurial edu-
cation activities are a complex topic, and what appears to be successful at one location
and one university might not be appropriate at other locations. The contextual differenc-
es should be accounted for in assessment, but also when considering new initiatives and
courses or programme development in entrepreneurship.
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7. Universities and innovation
in the public sector

The main research question of this chapter is: How do university researchers contribute
to innovation in the public sector? The “standard” answer to this question would be that
researchers provide public institutions with new, research-based knowledge - knowl-
edge that can be utilized by public sector employees and policymakers to improve or
change the ways they perform their tasks, and the way they organize public sector activ-
ities and design and implement policy reforms. Evidence from scientific publications on
public sector innovation shows that this form of “policy impact” is only part of the story
(Windrum & Koch 2008).

The one-dimensional knowledge transfer from academia to the policymaker narrative
is too simplistic and inaccurate. It is anchored in the old linear model of innovation (see
Chapter 2], in which the scientists develop new knowledge and new ideas that are trans-
ferred to public institutions by various means, most often in the form of research find-
ings, discoveries, inventions and data.

The parallel process in university-industry interactions is most often labelled “commer-
cialization”. This model sees universities as a “reservoir” of innovation potential that
both industry and the public sector can tap from when needed. In this process, the uni-
versities are the suppliers and the public sector staff the customers. The scientists are
the teachers, while the public employees are the students (Richardson et. al. 2016).

Following this model, the policy problem becomes a technology transfer problem, in
which both policymakers and universities attempt to come up with methods that make it
easier for public institutions to find the relevant “tap”.

This has led, forinstance, to a strong focus on public procurement, in which policymakers
have tried to make it easier for public institutions to buy research from the universities
and other knowledge institutions. The focus has been on the ways laws and regulations
make it harder for public institutions to take innovation into consideration when buying
technology and appliances. By making the regulations more flexible, policymakers hope
that it will be easier for the public institutions to gain access to the relevant technology
or the knowledge needed to solve the problems these institutions are facing.

There are reasons to believe that these measures have helped public sector innovation,
but research on innovation in the public sector in particular, and on services in general,
suggests that this is a too narrow and limited view of how innovation takes place in the
public sector. This way of thinking causes us to ignore other very important aspects of
public sector innovation processes. Public sector employees are experts in their own
right, with insights into such processes that the university researchers often lack. What
the public sector people need is not necessarily ready-made solutions - those being
data, technologies or policy advice - but learning partners who can help them find, digest
and make use of relevant knowledge, and who can help them come up with new ways of
identifying and tackling challenges and opportunities ((Gulbrandsen et. al. 2016; Thune
and Mina 2016).
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Innovation researchers therefore increasingly talk about co-learning and co-produc-
tion in service ecosystems. This type of co-learning requires that university research-
ers develop a different skillset, in addition to the traditional practices of high quality,
reliable and verifiable science and scholarship (Schot and Steinmueller 2018).

7.1 Modes of innovation in the public sector
of relevance for Universities

Not too long ago, the term public sector innovation was considered an oxymoron.
The impression was that public sector institutions and employees did not innovate.
Indeed, bureaucrats should not innovate. Following the Weberian tradition, they
should provide the stability and continuity needed to serve politicians in a proper
manner. As for the service providers in hospitals, schools and transport, they ap-
parently did not innovate either, but instead adopted new technologies and methods
provided by industry and research institutions.

In hindsight it is easy to see that this point of view had to be incorrect, but the fact is
that the EU Commission did not fund research on services until 1996, and on pub-
lic sector innovation until the Fifth Framework Programme on research.” This did
not necessarily mean that the EU Commission was not aware of the need to boost
innovation in the public sector, but that such innovations were mostly seen as an
end-user product of science and industrial innovation.

It was the reorientation of innovation policy towards a more systemic understanding
that changed this. One good example of this reorientation is the Technology Economy
Programme (TEP) (OECD, 1992) in the early 1990s (OECD, 1992]. The TEP shifted
the focus from the activities carried out in research institutions and industry labo-
ratories toward the processes that took place inside and between companies. This
company-centred way of looking at innovation processes naturally focused on the
companies’ abilities to learn and change behaviour, and in order to do so they had
to interact with other actors in the so-called innovation system. Innovation research
documented that the companies” main learning partners were not normally science
institutions, but other companies, and especially suppliers and customers (Nelson,
1982; Rosenberg, 1992; Saviotti, 1991; Fagerberg, 2006).

This systemic approach to innovation gradually enlarged the area covered, first to
include services in the private sector. What this research found was that a signifi-
cant part of innovation patterns in services were “soft”, or non-technological, even
when restricted to product and process innovations. For instance, the EU SI4S proj-
ect identified three emerging categories of innovation trajectories in services: ser-
vice professional and professionalizing trajectories, strategic management-based
trajectories and technological trajectories (Hauknes, 1998).

Among the customers of both manufacturing and service companies, the research-
ers also found that public institutions, and the interaction between companies
and public institutions, were not that different from the ones between companies.

14 S14S (Services in Innovation, Innovation in Services) under the Targeted Socio-Economic Research Programme
1994-98 (Hauknes, 1998).

® The Publin project was part of the Programme for research, technological development and demonstration on "Im-
proving the human research potential and the socio-economic knowledge base, 1998-2002" under the EU’s 5th Frame-
work Programme (Koch & Hauknes, 2005).
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Companies would also learn from public sector customers. Moreover, studies of public
sector services confirmed the idea that innovation is much more than coming up with
new “things”.

7.2 Types of innovation
The EU’s Publin project identified the following types of public innovation:

¢ Innovations involving changes in characteristics, the design of service products and
production processes - including the development, use and adaptation of relevant
technologies;

¢ Deliveryinnovations - involving new or altered ways of solving tasks, delivering services
or otherwise interacting with clients for the purpose of supplying specific services;

e Administrative and organizational innovations - involving new or altered ways of orga-
nizing activities within the supplier organization;

e Conceptual innovations - in the sense of introducing new missions, new worldviews,
objectives, strategies and rationales; and

e System interaction innovations - new or improved ways of interacting with other orga-
nizations and knowledge bases (Halvorsen et al., 2005).

With regard to the conceptual innovations, the Publin researchers added that these were
particularly important to policy learning and policy development processes. In other
words: Publin and other projects like it identified an additional type of public sector in-
novation in addition to what was directly relevant to services, namely innovation on the
policy level, including the development of new policy strategies, policy instruments and
policy narratives.

All these types of innovation activities may vary in relation to the effect they have on the
surrounding community and beyond. They may be incremental - a step by step improve-
ment of existing practices - or radical or disruptive, introducing a completely new way
of solving problems. Furthermore, innovations may be new to the world, to a sector or
to a particular unit of the public sector. As long as people deliberately change behaviour
and practices in response to challenges and opportunities, we are facing some kind of
innovation (Osborne, 2013 pp. 1; Oslo Manual, 2018).

This diversity of types of innovation - in addition to the different types of challenges pub-
lic sector organizations face - illustrate why a wide variety of university and college units
may contribute to such innovation, be that the development of a better and more efficient
health sector, the management of fisheries, the creation of a sustainable transport sys-
tem, the improvement of the educational system or the expansion of the knowledge base
for policy development. This means that the way universities and university employees
can contribute to public sector innovation will also vary.

This kind of co-learning and collaborative innovation is part of what is often called life-
long learning, i.e. where the employees and the people they collaborate with develop new
knowledge and new competences throughout their working life. Lifelong learning may
give public institutions the ability to change behavior and even transform the system.
University researchers may be partners in such co-learning processes, but they may
also contribute through teaching. (NOU 2019:12).
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7.3 Learning and co-learning

Innovation researchers are increasingly focusing on the role of learning and learning
processes, reflected in terms like “co-learning”, “co-production” and “co-evolution”.
This way of thinking has been influenced by research on both private and public ser-
vices through the concept of “ecosystems”, in which innovation is the end result of
interactions between the various participants of that system (Wieland, 2016).

These complex and dynamic “service ecosystems” are guided by institutions [i.e.
rules, norms, meanings, symbols and similar aids to collaboration) and institutional
arrangements (i.e. interdependent sets of institutions). In order to change harmful
practices or ensure a transformation of the system as a whole, you need to under-
stand that it is the end result of a co-creation process that has involved a wide variety
of actors, and not only scientists, engineers and politicians (Siltaloppi, 2016; Lusch,
2015).

Rgste (2018) refers to Van de Ven, Garud and Hargrave and their use of the concept
of co-evolution: Innovation is developed through a series of interrelated events of
technical and institutional changes. This co-evolution is the result of a collective
action, in which dedicated people with different backgrounds interact. This shared
interest leads to further collaboration, shared concepts and common ideas about
what must be done (Rgste, 2018; Van de Ven, 1994). In such scenarios, it makes little
sense to picture the researcher as some objective agent looking at the system from
the outside. Efficient co-evolution and co-learning requires that the researcher s, in
some ways, an agent within the system.

7.4 Barriers and drivers

Such learning processes may be hampered by social, cultural or regulatory con-
straints. Turning such learning into innovation and new or improved practices may
also meet with various barriers. The better the researcher understands the relevant
barriers and drivers to innovation in the public sector, the better he or she can adapt
and present his or her knowledge in such a way that these barriers are overcome.
Policy advice that pays no heed to tacit and explicit political rules and realities are
much more likely to be dismissed and ignored than those that include reflection of
the possible political and institutional resistance to the adaptation of relevant poli-
cies (Koch, 2003).

Researchers have identified a wide variety of barriers and drivers for innovation, the
main ones being the following (de Vries, 2016; Lewis, 2017; Cinar, 2018; Torugsa,
2016; Koch, 2005; Fuglsang & Rgnning 2014):
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Table 7.1: Drivers and barriers of innovation and learning in the public sector

Barriers Drivers
e complexity and size e highly educated employees and leaders
e heritage and legacy e idealism

e value systems and mental maps | ¢ autonomy
e risk aversion, professional | e autonomy and opportunity

resistance e acceptance for collaboration, co-produc-
¢ need for consultation tion and co-evolution
e absence of resources e political push
e lack of relevant skills * media attention
e restrictive regulation and man-|e policy instruments and programmes
agement by objectives e network participation

e performance targets
e competition with other units/agencies
e technological opportunities

As soon as we renounce the traditional knowledge-transfer idea of researchers deliver-
ing ready-made innovations or ideas to the public sector organizations for them to use,
and instead look at them as experts who may help public organizations solve problems
and get around barriers, it also becomes clear that different types of university and col-
lege researchers may contribute to different parts of these processes, including the skill
of navigating barriers.

Among the skills university researchers can provide are:

¢ The ability to solve technical problems and adapt technologies to new needs.

¢ Insight into biology and natural ecosystems, which can be used to improve - for in-
stance - food production and medicines, but also help public sector institutions con-
ceptualize the possible future implications of innovations and new practices, positive
as well as negative.

¢ An understanding of social and cultural systems and the way humans feel, think and
act. Such an understanding may contribute to the development of more efficient wel-
fare policies. This understanding may also aid in the development of more responsible
and sustainable types of products, services and policies.

e Historical “memory”, identifying similar processes or patterns in the past, in order to
learn from them.

¢ The ability to map and deconstruct narratives, mental maps, tribal languages and in-
vested interests, in order to help all agents see themselves and their learning partners
in a broader perspective.

¢ Didactic and pedagogical skills.

e The development of new and improved concepts, methods and theories about nature
and the world.

7.5 How much do public sector organizations innovate?

There have been several attempts at gathering information on public sector innovation,
with the first we know of being the Nordic MEPIN project (Measuring Innovation in the
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Public Sector). A pilot study was conducted among public sector organizations in
Denmark, Finland, Iceland, Norway and Sweden. The study found innovation rates
on a par with innovation in the business sector, and along some dimensions even
higher. Although there were methodological challenges associated with this sur-
vey, it did help debunk the myth that there is no innovation in the public sector. The
MEPIN project laid the foundation for several public innovation surveys in the Nordic
countries (Bloch, 2011).

The Center for Offentlig Innovation (COI) collected the first dataset regarding public
sectorinnovation in Denmark in the years 2013-2014." This “Public Sector Innovation
Barometer” documented that public sector institutions, like private companies, take
partin a larger system for learning, collaboration and innovation. As is also the case
for innovation in the private sector, research institutions are not the primary source
of technology and knowledge for innovation in the public sector, but - again as in the
private sector - public sector institutions do make use of science-based knowledge,
indirectly, by way of employees with a university background and by use of technolo-
gy and knowledge that have strong science components, and directly, by interacting
directly with researchers and research institutions.

The Innovation Barometer found that knowledge institutions (videninstitusjoner) take
part in 21% of public sector innovation activities. In comparison, employees play a
key role in 86% of the innovation surveyed, politicians 69%, citizens 63%, NGOs 14%
and private companies 30% (Lykkebo, 2016). The KS innovation barometer for the
Norwegian municipalities produced similar results.”

That being said, the 21% share of knowledge institution-based innovations in the
public sector should not be considered to be low. In fact it is close to the shares re-
ported by the business sector. Much of the innovation that takes place in both com-
panies and public institutions is of an incremental nature, in which the organizations
do not need to contact universities or research institutes directly in order to solve
their problems.

DIFI, the Norwegian Agency for Public Management and e-Government, has carried
out similar surveys of state organizations in Norway, one for the strategic level [min-
istries and directorates/agencies) and one for the operative level (subordinate ser-
vice providers).”® The data provided for the strategic level (69 interviews) shows that
as many as 46% collaborate with institutions for education and higher education. On
the operative level (398 interviews), 18% report collaboration with such institutions.

The Innovation Barometer data imply that the higher the level the education of the
employees, the more innovative that unit tends to be. A higher education background
seems to facilitate university/public institution collaboration, probably due to the fact
that researchers and public employees share common knowledge, analytical ap-
proaches and communication cultures.

16 https://www.coi.dk/en/what-we-do/innovationbarometer/

7 https://www.ks.no/fagomrader/innovasjon/innovasjonsledelse/innovasjonsbarometeret-for-kommunal-sektor/

'8 https://www.difi.no/fagomrader-og-tjenester/innovasjon/innovasjonsbarometer-staten-2018 The website gives
access to several spreadsheets with data from the survey.



How Universities Contribute to Innovation: A Literature Review-based Analysis

7.5 How do researchers at higher education
institutions collaborate with the public sector?

If we look at university/public sector collaboration from the point of view of universities,
we do not have directly comparable data. However, there is the 2013 survey of 4,400 fac-
ulty members (vitenskapelige ansatte] in Norwegian universities and colleges that also
includes questions about collaboration.

Thune, Aamot and Gulbrandsen (2014) reported that university/society interaction has
been fairly stable over the previous 13 years, with the level of such interaction quite sim-
ilar for the different types of institutions. The limited international data presented in the
report indicates that the level of academic/societal engagement in Norway (21% of those
with permanent positions at Norwegian universities) is comparable with one found in the
US (17%) and Germany (20%), but is lagging behind that of countries like the UK (35%)]
and Spain (55%). What makes Thune et al.’s 2014 survey so interesting is that it combines
a wide variety of collaborative activities, and does not rely on traditional dissemination
indicators only (i.e. publications, licences, spin-offs and patents).

Table 7.2: Participation in various channels for knowledge dissemination in Norwegian uni-
versities and colleges (after Thune, 2014). There is not much variation between the different
types of institutions (i.e. between traditional universities, new universities, state-owned

colleges and scientific colleges).

Participation in conferences for users or the public in general 54%
Published popular article 54%
Invited to talk to users/practitioners/the public 48%
Teaching employees outside the workplace 4%
Teaching for lifelong learning in one’s own institution 44%
Consultancy/advisory function in the capacity of being an expert 33%
Published a contribution to public debate 33%
Provided students to companies or other institutions 22%
Board membership 21%
Sports or cultural activities in the local community 20%
Research project in collaboration with the public sector 18%
School projects 14%
Research projects in collaboration with industry 14%
Commissioned research 13%
Secondary position outside the sector for higher education 1%
Development and testing of new products/prototypes 10%
No collaboration 7%
Establishing new facilities in collaboration with industry, 0

public institutions, etc. 6%
Working for a period outside academia 6%
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Public exhibitions 5%
Started a company 3%
Applied for a patent 3%
Licenced research results, etc. to user 1%

The same study draws attention to different types of activities that make a difference
in regard to participation in knowledge transfer:

Men are significantly more likely to be active in commercialization activities and
consultancy/part-time employment outside the institution, while women are more
active in the area of teaching outside the institution. Age is of little relevance, but
overall the youngest (below 40) and the oldest (over 60) are less active than the ones
between 40 to 60 years old. Professors are most active in terms of research col-
laboration and dissemination, but the least active for consultancies and part-time
employment outside the institution.

Two interesting and persistent factors are found in the fact that researchers who
have received external research funding, and who have been working outside the
sector of higher education, are most active in all forms of externally oriented activi-
ties. This also applies to those who predominantly do applied research (Thune, 2014,
p. 46).

Collaboration with the public sector and the broader society helps university and
college researchers relate to society in a different way. In spite of this, the main focus
in the present research policy environment seems to be on “scientific excellence”,
often understood in narrow academic terms (as in the number of scientific publi-
cations and/or number of citations to scientific publications). There may often be a
tension between the time allotted to collaboration with public, private and civil insti-
tutions and the hours set aside for scientific production. The Norwegian University
and College Time Usage Study (Tidsbruksundersgkelsen) actually reports a decline
in the time faculty members spend on communication and collaboration with people
outside the institution. The time spent on such activities varied between four and five
percent in 2016, depending on what kind of position the academics have (Gunnes
2018). Solberg (2018) argues that some of the decline may be explained by the lack
of incentives for contact and collaboration with the public sector and the broader
society, while there are clear and strong incentives for teaching and research.

7.6 Third generation innovation policies and
innovation in the public sector

If the linear model represented the first generation innovation policy and the inno-
vation system approach to the second, the third generation innovation policy is ori-
ented towards the co-creation and co-production of knowledge (Rip, 2004; Stilgoe,
2019; Kuhlman, 2018; Le Blanc, 2015; Schot, 2017; Koch, 2017, 2019). This notion of
the third generation innovation policies has already been presented in Chapter 2.
However, for the purposes of this chapter, there are certain additional elements and
points to be made that most researchers, universities and policymakers should note:
e There is a reorientation of policy towards societal and global challenges, often ex-
emplified through the UN sustainability goals (see also next chapter).
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e The understanding that these challenges require more than new inventions and new
ideas (given that these may cause as many problems as they solve). Given the overall
objective of a sustainable future, there is often a need for a restructuring or transfor-
mation of the entire economy, and maybe even the social and political system.

* Since research and innovation may cause (unintended) problems as they solve others,

responsibility and sustainability must be part of innovation processes from day one. On

their side, policymakers must take sustainability and responsibility into consideration
in all strategic planning, funding and follow-up activities.

Many of the challenges are future challenges, and what researchers, organizations

and policymakers do now will have consequences for future sustainability and quality

of life. No one can predict the future, but researchers and policymakers may develop
various scenarios of the future, and in that way identify important challenges and op-

portunities (Miller, 2018; Koch, 2018).

All stakeholders are to be involved in policy development, not only those who have nor-

mally been considered experts.

This third innovation policy represents a break with the expert vs. the global way of think-
ing. Neither researchers nor civil servants are seen as “objective” observers standing
outside the social or political system. They are part of the social and cultural system, and
as such are influenced by it. They have their own interests, their own tribal affiliations
and interpret the world through their specific languages or mental maps (Kuhlmann and
Rip 2018).

By black boxing science, both scientists and policymakers risk alienating citizens from
science and its findings. And by thinking of the scientific process as something outside
society, in which scientists deliver innovation in return for money with little consideration
for how these innovations may change society, we also risk harming the environment
and the welfare of citizens. The recent abuse of social media by extremists and totalitar-
ian regimes may serve as an example of such unintended consequences (Stilgoe 2019,
Koch 2019, Helmus et. al. 2018).

Public sector innovation, both in regard to the development of new and improved ser-
vices, as well as strategic policymaking, therefore require a broader learning arena
and broader citizen involvement, according to this “third generation” way of thinking.
Moreover, these processes will have to develop ideas about the future consequences of
the knowledge and technology produced (Kuhlmann and Rip 2018).

This is a learning arena where different types of experts come together to discuss needs,
challenges, opportunities and solutions. Researchers bring their insight into relevant
research, the scientific method and general life experience; policymakers make use of
their insight into policy culture, public sector incentive structures and social change;
citizens bring their insight into the needs of specific social groups; artists bring their
understanding of human creativity, and so on (Rip 2004, Miller 2018).

7.7 Policy implications

Although it is hard to benchmark university/society interaction across countries within
different innovation and knowledge systems, the existing data does not imply that there
is little collaboration between Norwegian universities and the public sector per se.

Universities have and should have a long-term responsibility for fundamental scientific,
theoretical and methodological exploration that will not be directly relevant to public
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sector needs in the short term. This is the way it must be, and universities will always
have to balance the request for more applied research and development against this
responsibility and consider the division of labour within the knowledge and innova-
tion systems. However, due to their competence base and traditions, in some areas
the universities will be especially well suited to assist public sector institutions in
learning and complex innovation activities.

As soon as one adopts a third generation innovation policy perspective, focusing on
society’s ability to meet societal challenges and contribute to the 17 UN sustainable
development goals (SDGs), the main objective of innovation policy will have to be to
make public institutions capable of meeting the challenges and opportunities of the
future, and not necessarily the inclusion of more university research. Yet, in some
areas more university research will be needed, whereas in others the universities
can make their competences count for more by changing the way they interact with
public sector institutions.

Recent innovation research increasingly focuses on science/society interaction as
a learning arena, where the experts from universities and colleges meet experts
from working life. This also applies to public sector institutions. The public sector
generally innovates as does the private sector, while the educational levels in the
public sector - at least in Norway - are rapidly increasing. The fact that university
researchers increasingly meet university-trained public sector employees should
make such collaborations easier to carry out. The public sector representatives will
have a better understanding of the potential and limitations of such research, and
they will most likely be better at defining needs and requirements.

In contrast, university researchers and units do not necessarily have detailed insight
into the daily life of public sector institutions, their incentive structures and culture
and political demands. University/public sector co-learning and co-production may
become more efficient if there are made more coherent efforts at increasing the uni-
versity researchers’ insight into the systemic needs of the public sector.

The fact that public sector challenges and opportunities often cut across policy ar-
eas, institutions, and ministries tells us that the researchers’ ability to think outside
the box will also be of increasing importance, which means that universities and col-
leges may aim at including researchers from different disciplines when establishing
teams to help public sector organizations in their work.

Some of the most important policy implications of these trends are:

1. Societal and public sector needs are often cross-cutting, bridging policy areas,
technologiesanddisciplines. Universities, aswellas the Research Council, should
develop more transdisciplinary programmes and centres that bring together re-
searchers and students, and that may develop such cross-cutting competenc-
es inside the individual universities and between such research organizations.

2. Universities, in collaboration with relevant partners, should devel-
op new methods for strategy development to help overcome the poten-
tial intellectual and organizational lock-ins that follow from having insti-
tutional structures developed to address the challenges of the past. This
kind of strategic learning should include methods for exploring different
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futures (foresight), and for including a wide variety of stakeholders and citizens.

3. Universities, whether alone or in collaboration with relevant public agencies, should
develop new learning arenas (programmes, centres, projects) that unite researchers
with public sector experts and policymakers for addressing societal needs. NTNU and
Trondheim’s Universitetskommune may serve as one example of how this can be done.

4. It is challenging to obtain accurate measurements of the effects that univer-
sity/public sector interaction will have on public sector innovation, especial-
ly when it purports the ability of the public sector to address societal challeng-
es. The systemic interaction and spillovers are too complex, and the effects
are often long term. Universities and policymakers should nevertheless de-
velop a set of indicators and qualitative evaluation practices that enable the
identification of some of these effects and pinpoint areas for improvement.

5. The universities should identify areas for life-long learning addressing pub-
lic sector needs and develop more online and offline courses adapted to
the needs of public sector employees. Such strategies should be coordinat-
ed with strategies for university/public sector research collaboration, and
the development of other learning arenas addressing public sector needs.
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8. International dimension of
universities contribution to
innovation and societal change

How do universities contribute to innovation in their capacities as internationalized re-
search and educational institutions? This chapter investigates this issue, focusing in
particular on the main international arenas of research knowledge co-production in in-
ternational networks involving universities.

8.1 University innovation activities as part of the
European research and policy landscape

There is no doubt that the most important organized multi-actor arena for the co-produc-
tion of new knowledge in Europe, including Norway, is the EU’s Framework Programmes
for Research and Innovation (FP). The overall objective of FPs is to strengthen Europe’s
scientific and technological bases “by achieving a European research area in which re-
searchers, scientific knowledge and technology circulate freely and encouraging it to
become more competitive, including in its industry” (Treaty of European Union, Article
179 (Article 163 TEC)). Since the FP1 (1984-1988), the FPs have gradually increased in
volume and complexity and evolved to encompass a range of different instruments, a
considerable widening of the scope of research areas, and in this process new goals have
been added. When the decision to work towards establishing the European Research
Area (ERA) was made in 2000 (Lisbon European Council), it was decided to reshape the
FP as an instrument contributing to this wider European ambition.

In a highly influential paper, Georghiou (2008) called for a radically new approach to
European research. Georghiou asserted that Europe, first of all, needs to respond to
a series of grand challenges and, secondly, that Europe must become more research
friendly. Georghiou (2008) suggests that “Europe’s strategic and applied research must
be reoriented at a pan-European level to support the full range of policies that member
states have agreed upon” (Georghiou, 2008, p. 935). Other scholars (Bonaccorsi, 2007;
Dosi, Llerena, & Labini, 2006) have elaborated on the vested interests, complex dynamics
and path-dependencies which favoured the status quo in European science policy, along
with the need for institutional reforms. Some of these concerns were also reflected in
the evaluation of the FP6 and the interim evaluation of the FP7, which also pointed to the
need for a more transparent consultation with stakeholder communities and an explicit
“programme logic” for a robust and effective FP design of themes and priorities. The
“Lund Declaration” of 2009 was an effort by the EU to accommodate all these concerns.
This line of policy thinking shaped, to a large extent, the new thematic and policy mea-
sure compositions of the FP7, and of the Horizon 2020 framework programmes. One of
the most successful and important novelties in the EU’s R&D policies was the estab-
lishment of the European Research Council (ERC] in 2007. The ERC budget is over €13
billion from 2014 - 2020, with its activities being an integral part of the Horizon 2020. The
key policy intention with ERC was to create a new, pan-European funding mechanism for
research of worldwide excellence, thus reflecting the urging from Georghiou (2008) that

1% This section draws heavily from the analysis in Langfeldt et al. (2012).
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Europe needed to become more research friendly. It is important to bear in mind
that the EUs Framework Programmes, including the ERC, are the largest R&D and
innovation programmes in the world.

The question now is what impact these research policies have had on universities’
ability to contribute to innovation at the national and European levels?

Lepori et al. (2015) analysed patterns of participation of universities in European
Framework Programmes. The author found a high concentration of participations
in FP in a small group of universities with an excellent reputation. More specifical-
ly, a group of approximately 150 universities (out of 1,000 PhD awarding universi-
ties) accounted for over 70% of total participations in European projects in the year
2011. The FP participations of universities were hence more concentrated than the
number of PhD students by institution or scientific publications by institution. The
participation of universities that do not have doctorate programmes seems to be
very limited in FPs. Finally, and probably most interestingly, the study found little ev-
idence of significant country effects in EU FP participation. The main conclusion we
can draw from this publication is that universities of high-quality education and R&D
are by far the most important organizational factor associated with high participation in
FPs. Enger (2018) and Enger and Castellacci (2016) found very similar results.

Arnold (2012) summarizes an already at that time long-existing evaluation record of
FP evaluation, and of evaluations of different national participations in the FPs. This
long evaluation record reveals that the FPs fund high-quality R&D, that the appraisal
processes of project applications are tough, that the competition for funding is fierce,
that the participating researchers include the scientific elite and that their outputs
tend to be of a higher performance than those of non-participants, with the latter
based on bibliometric measures, especially through citations. Probably the most rel-
evant finding of Arnold (2012) for this report is that because “the FP seems to attract
the more excellent researchers in their fields, so it engages the more research-inten-
sive companies within their respective branches” (Arnold, 2015, p. 336). The primary
outcomes from the FPs, which by design are pre-competitive, collaborative research
programmes, are “intermediate knowledge outputs”, as well as technical and mar-
ket network relationships.

The discussion above encapsulated the basic characteristics of participation of uni-
versities in the FPs. In the subsequent discussion, we turn our focus of analysis to
Norway, and in particular the findings in the last official and comprehensive national
evaluation of the Norwegian participation in the EU’'s FPé and FP7 (see Godg et al.,
2009), in addition to a few other relevant studies on Norwegian participation pat-
terns. What do these studies tell us about the participation patterns of Norwegian
universities and their outcomes?

8.1.1 Key findings from the evaluations of Norwegian participation in the
FPs

The first key observation to make is that the direct funding of Norwegian universities
from the FPs is almost negligible. In 2017, FP funding amounted to 2.3% of total
revenues of Norwegian universities.? However, this point disguises the fact that the

% Data from NIFU’s Statistikkbank (see www.foustatistikkbanken.no/nifu/).
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relative few and specialized teams from universities that participate in the FPs take part
in very large projects, i.e., projects that receive an overall funding approximately 10 times
more than the direct funding received by Norwegian participants from their EU projects.
Itis therefore no exaggeration to claim that, even for a small country like Norway, partic-
ipation in FP projects provides access to a very large volume of research and innovation
activities. In other words, Norway’s researchers who participate in projects funded by
Horizon 2020 have in fact direct access (through their participation in their EU projects)
to approximately 20% of the overall volume of competitive activities funded by Horizon
2020, which is approximately 14 billion 2013 €. This implies that the Norwegian uni-
versities that participate in research and innovation activities funded by Horizon 2020
roughly amount to 20% of their total revenues. This quick calculation indicates only the
research and innovation potential that resides in participating in the FPs for the individu-
al researchers, the universities and for the participating member and associated states.

On the other hand, one should not neglect the fact that it is costly for the Norwegian gov-
ernment to participate in the FPs and, of course, the Norwegian contribution to the FPs
is funds that could have been redirected directly back to the national research system,
including the universities. Hence, the key question is whether the Norwegian research
system in general, and Norwegian universities in particular, are in a position to exploit
the research opportunities they have direct access to through their participation in the
FPs or not.

The first relevant question to ask in this respect is whether the thematic priorities of the
previous FPs and of Horizon 2020 correspond to the broader thematic priorities of the
Norwegian research system. All previous evaluations found that there is a good match
between Framework Programme priorities and Norwegian research priorities, so logi-
cally this is a good reason to believe that there should be many synergies between na-
tionally funded research projects and EU funded projects where Norwegian researchers
participate. Horizon 2020 also seems to have a thematic overlap with most of the large-
scale national research programmes.

In addition to that, Godg et al. 2009 reported that 72% of project applicants for R&D fund-
ing in FP7 claimed that their project applications were an integrated part of their orga-
nization’s internationalization strategy, again indicating synergy and coherence between
FP research and participating organizations’ research and research strategies. When
comparing their FP projects and other national research projects, a large part of the FP6
participants reported that there are no significant differences in quality, results, strate-
gic importance, etc. compared with nationally funded R&D-projects, with the exception
that the EU projects were often more multidisciplinary.

Nonetheless, the evaluation failed to find synergies between the matching national and
FP priorities at the project level. The evaluation data indicated limited coordination with
national priorities and funding. The larger parts of FPé participations, as well as FP7 ap-
plications, were not closely related to nationally funded research projects, and very few
of the EU projects are extensions of nationally funded projects.? In sum, even if a large

2 For example, 69% of the FP6 projects were not an extension/follow-up of another R&D project; 17% are extensions of pre-
vious EU projects, whereas only 6% are extensions of nationally financed projects. Moreover, less than half of the FPé proj-
ects, and less than half of the FP7 applications, were closely linked to research for which the Norwegian participant obtained
Norwegian public funding. In other words, a large part of the FP research is not related to nationally financed research.
Finally, 62% of FP7 applicants believed that there was a need for better coordination between Framework Programme activ-
ities and relevant national R&D and innovation support schemes and programmes at the project level (see Godg et al., 2010;
Langfeldt et al., 2012).
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majority report that their FP project was an integrated part of their organization’s
internationalization strategy, the financial synergies between Norwegian and EU
research seem limited. It is important to note, that on this point there were no sig-
nificant differences between the four institutional groups of participants, i.e., partic-
ipants from universities, participants from the Norwegian research sector, partici-
pants from Norwegian companies and participants from the public and civic sectors.

Obviously, one has to take into account that these findings are almost 10 years old.
Nevertheless, there are also indications that today there seems to be two distinct
and parallel funding trajectories after 25 years of full Norwegian participation in
the FPs: Research that follows the national funding path and research projects that
take the European route. In most research areas, crossing from the national to the
European is less likely than staying on the European path once having entered into
this.

Piro, Scordato and Aksnes (2016) is a relatively recent and comprehensive analysis
of the Norwegian participation in FPs. This study focuses on project consortia and
their importance for success, participation and cooperation in EU framework pro-
grammes. The study does that by juxtaposing consortia information in application
and funded project data in the EU's ECORDA data.?? In addition to ECORDA data,
the study included three university characteristics: a) Number of publications in the
Web of Science; b) Field-normalized citation index; ¢) Rank position in the Shanghai
ranking. The main finding of the study is that in large parts of these FPs, joining and
composing the right consortium is considered a key factor for success. Consortia
characteristics are highly associated with success rates in both FP7 and Horizon
2020, across all FP sub-programmes.

Furthermore, the university partners in the funded projects are generally larger,
more cited and higher ranked in the Shanghai ranking system compared to univer-
sity partners in the rejected applications. The research institutions that have been
most successful have two things in common: they score high on the university per-
formance indicators mentioned above, and they successfully engage in consortia in
which the partners generally also score high on the same indicators. These findings
seem to suggest that consortia with high- performing universities tend to write bet-
ter proposals than other consortia, and they tend to have a stronger consortia CV.
The main policy implications from this study for Norway is that an efficient strategy
to enhance Norway’s return rate — and success rates - in EU FPs is to target and
support the established players, i.e., those institutions being close to the centre of
the European research network. Piro, Scordato and Aksnes (2016) conclude that,
“The analysis in this report clearly underpins the need to concentrate the focus at
those institutions that already have experience with proposal writing and project
participation.”

In 2017, Technopolis, a consultancy group, conducted a large study, commissioned
by the Research Council of Norway, on the possibilities to increase Norwegian par-
ticipation in Horizon 2020, but also in relation to other European Research Areas
(ERAJ. One of the key observations in this study was that Norwegian universities (and
hospital trusts] have significantly higher basic allowance funding relative to their

2 The European COmmon Research DAta Warehouse database (eCORDA] is a database provided by the EU services,
and contains detailed information on all applicants, participants and projects funded by FPs.
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counterparts in Austria, Denmark, Finland, the Netherlands and Sweden. As several in-
terviewees reported, the report also claims that ample national public funding (base
and competitive funding together] is a strong disincentive to FP participation for HEI re-
searchers. The study found that this is true regardless of the thematic areas of research.
Technopolis (2017) confirms findings from past Norwegian FP evaluations which indicate
that over time Norwegian stakeholders, including in universities, have become skilled FP
participants capable of achieving high success rates. On the other hand, the study also
found that a large share of Norwegian applicants appears to be part of consortia of low
quality, or part of wrong networks, since their success rates as partners are very low
or zero. Many of these are from Norwegian universities and yet the worrying finding is
that many of these seem unaware that their international networks are often not good
enough.

The overall evidence from the studies we referred to above, but also from a number of
other sources, including the Research Council of Norway, suggest that there are compar-
atively few but highly competitive research groups in Norwegian universities that have a
vast experience with EU research projects and good networks. In addition, these groups
are certainly able to attract national funding, even if their nationally-funded research
projects are not directly related with the research topics of their EU projects. We know
very little about how these research groups connect, combine and balance these two
sources of funding, if there are tensions between them, if there are synergies between
their European and national networks, if they are able to exploit these opportunities, etc.

In contrast, there are a large number of research groups in all Norwegian universities
that are not well-connected with high-performing research teams at the European level.
These seem to primarily engage with national research funding. This is not necessarily
a negative feature since many of these research groups also conduct research of a very
high quality. Yet, the danger with a national-narrow research strategy is compliance, that
is, that the predominantly nationally-, or regionally-oriented researchers, have less pos-
sibilities to connect to international research agendas, insofar as helping them to better
recognize and seize research opportunities emerging outside the Norwegian research
system boundaries (Godg et al., 2009). In Chapter 2, we established the fact that such
research opportunities on a global/international scale tend to influence the direction of
Norwegian research policy agendas, with a certain time lag.

This discussion becomes even more important and relevant for universities’ international
innovation strategies, since the next European Framework Programme, Horizon Europe,
seems to explicitly target innovation in Europe with, among other activities, the creation
of the European Innovation Council, under Pillar 3 (Innovative Europe). Pillar 3 will also
include the European Innovation Ecosystems programme (see Figure 8.1 below], in
which universities will almost certainly play a considerable role:
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Figure 8.1: Preliminary structure of Horizon Europe
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Source: https://ec.europa.eu/info/horizon-europe-next-research-and-innova-
tion-framework-programme_en

8.2 The case of cross-border Public-Private Innovation Partnerships

There is now a sufficiently large amount of literature (European Commission, 2018;
Frglund et al., 2019; Koschatzky & Stahlecker, 2016; Kuhlmann & Rip, 2018 to as-
sert that public-private partnerships (PPPs] within innovation and R&D are gaining
ground as an effective approach to fostering long-term international university-in-
dustry collaboration with a focus on designated priority areas. Still, there are a few
cases of international (meaning cross-border) PPPs.

The prime examples of international PPPs are the European Innovation Partnerships
(EIP), such as the European Active and Assisted Living Programme (AAL), the EIP-
Water, the EIP on Agricultural Productivity & Sustainability (Agri), the EIP on Raw
Materials and the EIP on Smart Cities and Communities (SCC).

Many PPP programmes tend to operate with large budgets, but do so by concentrat-
ing resources in a limited number of centres over a relatively long period of time that
cater to a larger group of beneficiaries. The analysis in Chapter 4 of this report is
therefore relevant here. It suffices to mention that a growing volume of research and
innovation activities is expected to be carried out within the context of international
PPPs and EIPs. This adds a complexity layer to academia-industry partnerships, a
complexity that HEI researchers also have to deal with in the future.

8.3 The case of global mission-oriented R&D initiatives

The transition from the United Nations Millennium Development Goals (MDGs]) to
the agenda 2030’s Sustainable Development Goals (SDGs) altered the prospect of
economic and societal development - it is now a universal/global challenge, not only
an issue for developing countries alone. The MDGs have already had a considerable
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impact on national R&D and innovation agendas and they are bound to have profound
effects on the research and educational agendas of the universities.

Mazzucato (2018) presents an analysis of possible policy approaches to mission-oriented
R&D and innovation in the European Union. In doing that, her analytical starting point is
the SDGs, as Figure 8.2 below illustrates. One of the important messages conveyed in
this figure, is that SDGs seem to now be the natural outlet for modern research policy
thinking, which will even be a more conspicuous trend in the immediate future:

Figure 8.2: From Challenges to Missions; Source: Mazzucato (2018, p. 11]
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Another by-product of the same trend is also a transition in aid-financing, in which there
is increasing support for multilateral financing mechanisms instead of supporting coun-
try-targeted programmes. This suggests a stronger role for STI and international co-
operation in developing and coordinating national aid programmes with the ambition
to more effectively contribute to specific SDG solutions. These transitions also make
the traditional divide between R&D for development and R&D for national purposes in-
creasingly more blurred. National STI policies have more of an international role to play
than ever, and there are clear tendencies and attempts for improved cooperation, coor-
dination and mechanisms for joint financing at a global level (Remge, 2019). Such global
collaboration includes research data and outputs, research evidence, knowledge, digital
tools and technologies relevant for achieving the SDGs.

The challenge at hand is what it is needed to put universities in a better position to re-
spond to these novel global trends and initiatives. This concerns modalities of funding,
incentives for individual universities, institutional mechanisms for cooperation, frame-
works for partnerships, etc. Very few universities seem to have the organizational knowl-
edge capacities to address these opportunities.
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8.4 Internationalization of academic entrepreneurship

There are few studies addressing the question of how internationalization in uni-
versities impacts academic entrepreneurship and in particular, student-based
entrepreneurship.

Minola et al. (2016) is an exception. This study employs a multilevel analysis with
data from 25,855 students enrolled in 130 European universities and analyses the ef-
fect of university internationalization on students’ progressive engagement in entre-
preneurship, as well as along the core entrepreneurial university missions (teaching,
research and socio-economic contribution).

The study found that the internationalization strategy had a positive direct effect on
the European students’ level of engagement in entrepreneurship. In this regard, this
study provides evidence about the effect of internationalization on European uni-
versities potential to contribute to entrepreneurship and proposes alternative mea-
sures or proxies to explore the European entrepreneurial universities” outcomes that
could be replicated in other environments.

Having said that, it is important to remind the reader, as pointed out in Chapter 6,
that the field of measuring impact on/and of entrepreneurship education activities
is a very difficult area of research. The point of this paragraph is only to observe that
this is a question that has not received adequate attention in the research literature.
The scant evidence we find seems to confirm that internationalization in universities
correlates with students” increased level of engagement in entrepreneurship. There
is a need for a lot more research in order to understand the interactions between
internationalization and academic entrepreneurship in general.

8.5 Policy implications

Enders (2004) claims that universities and their organizational frameworks are chal-
lenged in two distinct ways: a) the European-wide policy focus on university effects/
impacts and less focus on inputs (funding and human resources); and b) the concern
with macro-level policymaking and meso-level organizational adaptation, neglecting
to some extent the effects in the actual practices and performances of academic
work at the level of individual researchers and their groups.

These are certainly tensions that have not only been mitigated, but if anything, have
probably been exacerbated over the past 10 years. One of the primary reasons for
that is the demand for even greater coordination, even more global division of labour
in R&D and innovation profiles and a greater alignment of academic organizational
strategies in knowledge societies on the one hand, and century-long practices of
academic autonomy and independence in research and education on the other.

In other words, we need to devise and develop adequate organizational structures to

ensure that more science for missions does not undermine the mission of science. Key

questions in this respect are:

e What are the main implications of mission-oriented policies on universities ability
to conduct research, e.g., in terms of articulation of societal needs and interdisci-
plinary approaches?
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¢ Does the inclusion of science into missions jeopardize its freedom, exploratory power
and long-term horizon?

e How to balance - and if possible and relevantly connect - non-oriented and oriented
research?

¢ What have been successful modes of articulation of science into missions and how can
science policy support “mission-oriented science”?

* Lastly, how can Norwegian universities exploit their competitive advantages (and re-
duce the adverse effects of possible disadvantages) considering the new European
Framework Programme for Research and Innovation, Horizon Europe, and its obvious
redirection towards more mission research and more funding of innovation activities,
including innovation ecosystems.
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9. Policy implications

In the previous chapters, we identified the main trends and findings in the literature
dealing with the main research question of this report, namely “How do modern universi-
ties contribute to the various forms of innovation and entrepreneurship?”

The primary objective of this chapter is to draw some broad implications on the exclusive
basis of the work carried out in this state of the art exercise. It is on this basis that we are
now proceeding to a discussion on the policy implications of the identified problems and
challenges universities face in their efforts to contribute to more responsible innovation
in the Norwegian and global economy and society.

Methodologically speaking, our discussion below is guided by a straightforward ap-
proach: First, we formulate the challenge; for each challenge, we then provide some
broad ideas about possible roads of action to tackle them.

9.1 Policy implications of international trends involving
higher education institutions in Norway

The key chapters dealing with the issues of trends and internationalization are Chapters
2 and Chapter 8. Here, we focus on the following four challenges linked to these chapters:

1. The need to help individual researchers and research teams deal and engage with
the increasing complexities of modern research-based innovation processes:

Modern R&D and innovation activities are increasingly more dependent on innovation
and entrepreneurial networks, clusters and ecosystems. These are becoming more
interdisciplinary, and are spanning across many organizational, institutional and cul-
tural boundaries. In other words, the nature of modern university-based research and
innovation processes is becoming more complex and more demanding for individual ac-
ademic research groups than in the past. It is therefore important that universities de-
velop interaction arenas that empower individual faculty members and their research
teams to:

a)Better understand and engage with developments in the broader innovation policy
landscape, regionally, nationally and internationally and, hence, be better prepared to
meet opportunities and challenges as early and as adequately as possible.

bJHelp develop future directions of their own research when connected to the funding
opportunities available at the regional, national, EU and global levels. The more inter-
national the funding sources, the larger the complexity to succeed in project acquisi-
tion processes.

cJFacilitate researchers with the creation and maintenance of better and broader in-
ter-disciplinary networks in multiple innovation and entrepreneurial ecosystems.

2. Keep a focus on improving the research quality in Norwegian universities per se,
and also as a means to increase universities’ possibilities to participate in large
global research initiatives and in the EU’s future Framework Programmes.
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Evidence from Chapters 2 and 8 leaves little doubt: The single most important suc-
cess factor for participating in the EU’s Framework Programmes and for engaging
with competitive international consortia is research excellence. This also means that
persistent and robust participation in the EU’'s Framework Programmes, especially
by the ERC, increases both the reputation of the research teams involved and of
their universities. Thus, Norwegian policies must keep a focus on promoting scien-
tific excellence in all academic fields with its various policy instruments targeting
excellence. Universities could explore developing new actions with the objective to
help their research groups, particularly those with a low exposure to internation-
al research collaboration, to gradually increase their international outreach and to
connect to more competitive international research groups.

3. Better exploit the synergies emerging from participation in the
FPs and participation in national R&D funding schemes.

In Chapter 8, we presented evidence from previous evaluation records indicating
that there are few synergies between participation in EU projects and national R&D
programmes, and vice versa. It is not known whether this problem has worsened
or improved with the advent of the Horizon 2020. The international collaboration
networks and the volume of EU projects represent considerable research and in-
novation opportunities for the Norwegian universities. The question is what univer-
sities can do to better:

a)Seize and further exploit the opportunities that reside in nationally-funded projects
as a stepping stone for new international research collaboration activities; and

bJExploit innovation opportunities emerging in EU (or other international) projects
regionally and nationally.

4.Universities ought to seek a better understanding of the knowledge dynamics and
knowledge interactions occurring between the different types of R&D activities their
researchers participate in (at the project level).

It is not only the knowledge interactions between the international and nation-
al research activities that it is important to understand. In general, we know little
about how participation in activities funded by different national schemes connects
to internally funded research activities, and about the dynamic interdependencies
emerging between them. After all, all modern research is funded and organized as
a complex web of many different research projects (large or small), conducted by
one or many research groups (or occasionally by individual researchers). And yet we
know little about the knowledge dynamics at this micro level. It is at that level that
the funding of research and innovation activities takes place, as it is in the combi-
nation of various R&D and innovation projects that knowledge ecosystems emerge
and evolve. A more detailed knowledge of these issues could generate tremendous
positive outcomes for those universities that better understand the complex interde-
pendencies between the various research and innovation activities they are involved
in; thus, they can probably design smarter and more effective policy actions for their
academic employees and their institutions.
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5. Prepare for the new EU Framework Programme and European funding of Innovation

As mentioned in Chapter 2, from 2021 the EU's new Framework Programme for R&D
and Innovation, Horizon Europe, will continue to focus on excellence in research (ERC])
and on societal challenges as drivers for research and innovation. In addition, it is pro-
visioned to adopt a new policy approach to innovation by organizing the most current in-
novation tools under the umbrella of a new institutional policy agency, the EIC (European
Innovation Council). The EIC will include a large part of the programmes directed towards
the EU’s commitment to enabling technology, as well as scaling and commercialization
from SMBs with global potential. The EU aims to seriously take up the competition with
the US and China by investing in technology and in businesses with growth potential.
This is an institutional change of potential considerable importance for many Norwegian
universities, especially NTNU.

9.2 Policy Implications for university-industry collaboration channels

Related to university innovation channels and to university-industry collaboration, the
following policy implications can be drawn from our literature review:

1. The importance of the university-industry channels are found to differ across science fields
and industry sectors (Cohen et al., 2002; Bekkers & Bodas Freitas, 2008; De Fuentes &
Dutrénit, 2012).

This indicates that “one size doesn’t fit all”, i.e., policies to induce specific channels
should be carefully tailored to correspond to the specific needs of industry and relevant
university actors.

2. The literature emphasizes the role of the geographical proximity and the role of key indi-
viduals in developing university -industry collaborations.

The implications of this point are:

e Since most collaborations occur within close geographical proximity, as well as being
facilitated by social proximity, it is important to have university activities co-located
in the vicinity of industrial areas, and vice versa (industry activities in the vicinity of
university campus).

e Theimportance of key individuals (and their knowledge bases and absorptive capac-
ity) in the collaboration process for innovation (Haas, 2015; Santoro & Chakrabarti,
1999} illustrates the importance of having individuals with a high degree of cognitive
proximity and mutual understanding regarding university-industry interaction, both
at the universities and the industry.

3. The contributions of social sciences and humanities in university-industry
interactions are poorly studied and insufficiently understood.

The few studies that exist indicate a potential for contributing to innovation. This calls
for a sharper focus on more multidisciplinary research collaboration, including these
fields, and for policymakers who should provide incentives for more frequent social
scientist participation in university-industry interactions.
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4. The actual collaborative dynamics and processes that reveal how successful
outcomes are developed are poorly explored in the literature (Perkmann &
Walsh, 2007;: Thune & Gulbrandsen, 2014; Boardman & Bozeman, 2015).

It is challenging for firms, universities, scholars and policymakers in UICs to as-
sess and evaluate the impact of these collaborations (Thune, 2011; Perkmann et
al., 2011). This is especially due to the uncertain nature of basic research, which
makes it difficult to set clear objectives and evaluate outcomes that may come
years after the UICs have ended (Perkmann et al., 2011). Moreover, firms’ motive
for collaborating with universities are often based on indirect and generic benefits,
such as accessing students and academics, getting insights into the latest blue-
sky research and developing their own, or researcher’s knowledge bases (Lauvas,
2017). Firms are therefore found to be less concerned about making a quantitative
case for participation (Perkmann & Walsh, 2007; Perkmann et al., 2011; Brostrom,
2012).

5. There is a relation between more long-term research partnerships [e.g. research cen-
tres] and short-term research services.

For example, research partnerships in research centres often lead to research
services being conducted “outside” the realms of the research centre (Lauvas,
2017; Iglebaek et al., 2018). This implies that proper assessments of the impact
of (innovation) research centres need to pay attention to such dynamic effects and
interdependencies between short-term and long-term university-industry inter-
actions and their effects.

é. Most research on UIC has been conducted in science-based industries such as phar-
maceuticals and biotechnology (Lundvall, 2007; Brostrém, 2012). Many of the results
from this literature must be nuanced and adjusted regarding the firm’s size, charac-
teristics and industrial affiliation, along with the importance of different dimensions of
proximity.

Geographical proximity towards universities is important for the establishment of
UICs for both small- and engineering based-firms (Slavtchev, 2013; Dornbusch &
Neuhausler, 2015; Steinmo & Rasmussen, 2014). Hence, in an effort to increase
UIC, collaborations with local universities can be an important starting point for
these types of firms (Steinmo & Rasmussen, 2016; Fitjar & Gjelsvik, 2018), partic-
ularly since former collaboration is one of the key factors for explaining successful
UICs (Bishop et al., 2011; Bruneel et al., 2010; NuUiez-Sanchez et al., 2012).

7. Universities should engage in more knowledge co-creation with
industry in order to increase firms "~ absorptive capacities.

Firm involvement and commitment in UICs are found to be important in build-
ing the absorptive capacity of firms (Santoro & Chakrabarti, 2002; Knudsen et al.,
2017; Fontana et al., 2006). This is also indicated in a recent report by the OECD
(2019), which recommends focusing on knowledge co-creation between universi-
ties and industry, rather than a knowledge-transfer approach. While the SFl evalu-
ation discusses the alternative of having only industrial cash contributions and no
in-kind (Damvad, 2018), the literature provided in Chapter 4 points towards having



How Universities Contribute to Innovation: A Literature Review-based Analysis

more, and not less, interaction between university and industry partners to harness
the potential of UICs.

9.3 Policy implications for academic entrepreneurship

1. Commercialization, in the form of academic spin-offs [ASQJ, can occur
through qualitatively different outcomes. Therefore, focusing only on simple
or singular performance outcomes will likely lead to wrong conclusions.

While a firm might appear to be unsuccessful in one facet of performance (e.g. profits),
it might simultaneously be highly successful in another (e.g. firm value). For example,
trade sales of not profitable ASOs with very high valuations do occur, and more gener-
ally, trade sales seem to be an important mechanism to access the necessary resourc-
es to successfully scale-up commercialization processes. Assuming the survival of an
independent ASO-firm as a precondition for success is thus misguided.

2. Skewed distributions and the extreme impact of outliers appear to be the norm in
academic spin-offs. This implies that a small number of academic entrepreneurship
endeavours account for the vast share of the economic results from these endeavours.

This finding implies that efforts to simply increase the number of academic spin-offs
or commercialization projects are often a misplaced approach. There is a need for far
more sophisticated approaches promoting and fostering promising academic spin-offs
without attempting to “pick the winners”. The literature analysis in Chapter 5 clearly
shows that the realization of economic impacts often takes many years to occur. It
is therefore not easy to identify the “golden eggs” early in the establishment phase
of the new firms. This tension between the few outliers and long time-spans for the
realization of economic impacts seems to be a general feature of all science commer-
cialization, including patenting and licencing. The point is that university TTOs should
be more selective as to which firm ideas they chose to invest in, and when invested in
these firms universities need to provide different types of support for a long period of
time of the firm’s lifetime.

3. Trade sales often have unfavourable connotations in policy circles because of the fear that
technologies and firms partly financed by governmental resources and tax money will be
“sold of the country”. This fear is not validated in the literature.

The analysis is Chapter 5 shows that although acquisitions by large foreign companies
do occur, the majority of buyers in the Norwegian ASO portfolio were domestic (i.e.
Norwegian) firms. And many, if not most, of the ASOs acquired by foreign companies
remained domestically, and even increased the scope of their business activities lo-
cally. Successful trade sales also provide high returns for entrepreneurs and venture
capital (VC) investors - returns that can be re-invested into new ventures. For these
reasons, policymakers should keep an open mind with respect to trade sales. More
specifically, policymakers should facilitate for large foreign industry incumbents to
interact with domestic PROs for the mutual benefit of both parties.

4. The time needed for the commercialization of research is very long and development and
growth can be discontinuous and erratic.
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The timing of evaluation matters a great deal as the status and prospects of ASOs
can be dramatically changed over short periods. For example, in the days prepar-
ing this chapter the portfolio company Ultimovacs went public on the Oslo Stock
Exchange with a valuation of over 500 million NOK. These findings are fully com-
patible with phenomena characterized by a high uncertainty and skewed outcomes
such as ASOs demonstrably are.

9.4 Policy implications for Entrepreneurship Education

1. Modern entrepreneurship education focuses on the individual (student] and on the
development of entrepreneurial mind-sets.

This often implies a real experiencing of entrepreneurial activities during the en-
trepreneurship education, which invokes more action-oriented and student-centred
learning approaches. By cultivating entrepreneurial mind-sets, students have the
possibility to be entrepreneurial in a number of different situations, not only through
new ventures, but also in established organizations, both public and private.

2. The role of students in university entrepreneurship activities is increasingly important.
There is a need to more systematically develop the conditions for student-based entre-
preneurship in the overall university entrepreneurial ecosystem.

Student-based entrepreneurship activities are often linked to entrepreneurship
education courses and programmes. These activities are occasionally continued
during or after the study programme period as full-fledged entrepreneurial initia-
tives, frequently connected to mentoring services or university-centered incubators,
and as such, are central drivers for the development of university entrepreneurial
ecosystems.

3. With the new focus on the entrepreneurial mind-set and broader outcomes of
entrepreneurship education, several disciplines have adopted and embedded
entrepreneurship into their curricula, and as such, the organizing of entrepreneurship
education at different universities has evolved into a variety of new designs.

For example, some universities offer mandatory courses, while others have hubs
offering entrepreneurship education to those students willing to take courses within
this topic.

4. A student-directed entrepreneurial education design provides the students with more
freedom and control of-, as well as more responsibility, for their learning situation.

However, having said that the literature suggests that there must be a balance be-
tween teacher-directed and student-directed education, since the latter is a source
of more open-endedness in terms of learning among the students. The same is also
the case where students are working in more authentic or real situations - real en-
trepreneurship situations give the students invaluable experience and lead to the de-
velopment of their entrepreneurial mind-set, but it also introduces extra uncertainty
into the learning situation.
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9.5 Policy implications for University-Public sector interactions

Related to the universities involvement in public sector innovation processes, the litera-
ture review guides us towards the following issues:

1. The challenge of the transdisciplinary nature of innovations in the public sector.

The needs of civic and public sectors are often cross-cutting, bridging policy areas, tech-
nologies and scientific disciplines. This is also often the case for the knowledge needs
in the business sector. Yet, there is a much larger number of funding schemes to sup-
port collaboration between public research [i.e. universities and research institutes)
and the industry compared to public research and the public sector. The government
should therefore consider the possibility to develop more effective and greater variety of
transdisciplinary programmes and centres involving research groups from different dis-
ciplines, from one or several universities and stakeholders from the public sector. These
research and innovation activities should not exclude participants from the business sec-
tor. Universities, whether alone or in collaboration with relevant public agencies, should
also attempt to develop new learning arenas (programmes, centres, innovation projects)
that connect researchers with public sector experts and policymakers in addressing so-
cietal needs. From this perspective, we welcome the new practice in the call for Centres
for Research-based Innovation, in which the participation of the private and public sec-
tors is mandatory in the proposals. NTNU and Trondheim 's Universitetskommune may
serve as one example of how this can be done at a municipality level.

2. Universities ought to seek a better understanding of the various ways and channels they
impact innovation in the public sector.

It is difficult to obtain accurate measurements of the effects university/public sector
interaction will have on public sector innovation and its ability to address societal chal-
lenges. The systemic interaction and the spillovers are complex, and the effects are
often long term. Universities and policymakers should nevertheless develop a set of
indicators and qualitative evaluation practices that enables the identification of some
of these effects, in addition to pinpointing areas for improvement. There should also be
an increased focus on the role university candidates play in the development of public
sector learning capabilities. This means that the role of students and candidates should
be included in all relevant strategies.

3. The need to explore how university researchers within multidisciplinary and
multiple stakeholder teams can contribute to identifying future challenges
and opportunities for the public sector as a systematic and standard approach
of policy development and experimentation within the public sector.

In collaboration with relevant partners, universities should develop new meth-
ods for strategy development. This kind of strategic learning should include meth-
ods for exploring different futures (foresight], by involving multi-disciplinary research
teams and by including a wide variety of stakeholders and citizens, and for taking
the need for sustainable and responsible research and innovation into consideration.
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ANNEX 2 - Notes on definitions of the
notion of Innovation in this report

In this Annex, we present basic definitions of the various concepts of innovation we apply
in this report.

In order for a new idea, model, method or prototype to be considered as part of an in-
novation, it needs to be implemented. Implementation requires organizations to make
systematic efforts to ensure that the innovation is accessible to potential users, either
for the organization’s own processes and procedures, or to external users for its prod-
ucts. The requirement for implementation is a defining characteristic of innovation that
distinguishes it from inventions, prototypes, new ideas, etc.

At a minimum, innovations must contain characteristics that were not previously made
available by the relevant organization to its users. These features may or may not be new
to the economy, society or a particular market. An innovation can be based on products
and processes already in use in other contexts, e.g., in other geographical or product
markets. In this case the innovation represents an example of diffusion. Innovation dif-
fusion can generate substantial economic and social value, and is therefore of policy
importance.

Hence, to a large extent, higher education institutions (universities) in general contribute
to the extension of our cultural and knowledge frontiers, to new ideas, to the develop-
ment of new technologies, inventions and prototypes by themselves or in collaboration
with the industry. However, the key question is how exactly the universities contribute
to the innovation processes in the business sector, in the public sector and in society in
general.

Measuring the value creation from innovations

The realization of the value of an innovation is uncertain, and can only be fully assessed
sometime after implementation. The value of an innovation can also evolve over time
and provide different types of benefits to different stakeholders. Complementary mea-
sures and analytical strategies can be used to trace innovation outcomes after a suitable
length of time. Thus, it is challenging to assess the importance and the extent to which
universities contribute to the various phases of the complex interaction processes of an
innovation process. Their inputs may sometimes be pivotal or even foundational for large
impact economic and social innovations.

With these remarks in mind, we present the key definitions of innovation activities as
suggested by the Oslo Manual 2018 for the Measurement of Scientific, Technological and
Innovation activities.

OECD Definitions

In general, the term “innovation activity” refers to the process, while the term “innova-
tion” is limited to outcomes.
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Innovation in the business enterprise sector:

Innovation activity includes all developmental, financial and commercial activities
undertaken by a firm that are intended to or result in an innovation for the firm.

A business innovation is a new or improved product or business process, or combi-
nation thereof, that differ significantly from the firm’s previous products or business
processes, and that has been introduced on the market or brought into use by the
firm.

A product innovation is a new or improved good or service that differs significantly
from the firm’s previous goods or services, and that has been introduced into the
market.

A business process innovation is a new or improved business process for one or
more business functions that differs significantly from the firm’s previous business
processes, and that has been brought into use in the firm.
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and logistics

Short term Details and sub-categories
Production Activities that transform inputs into goods or services, including
of goods or engineering and related technical testing, analysis and
services certification activities to support production
This function Includes:
Distribution | a) Transportation and service delivery;

b) warehousing; and,
c) order processing.

This function includes

a) Marketing methods that include advertising (product promo-
tion and placement, packaging of products), direct marketing

Marketing (telemarketing], exhibitions and fairs, market research and other
and sales activities to develop new markets;
b) pricing strategies and methods; and
c) sales and after-sales activities, including help desks, other
customer support and customer relationship activities.
The maintenance and provision of information and
communication systems, including:
_ a) Hardware and software;
[ifertmi o) b) data processing and database;
and com- _ .
eation c) maintenance and repair; and
systems d) web-hosting and other computer-related information

activities.

These functions can be provided in a separate division, or in divi-
sions responsible for other functions.
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a) Strategic and general business management (cross-functional
decision-making], including organizing work responsibility;
b) corporate governance (legal, planning and public relations);

Adminis- c) accounting, bookkeeping, auditing, payments and other finan-
tration and cial or insurance activities;

manage- d) human resources management (training and education, staff
ment recruitment, workplace organization, provision of temporary per-

sonnel, payroll management, health and medical support);
e) procurement; and
f) managing external relationships with suppliers, alliances, etc.

Activities to scope, identify, develop or adapt products, or a firm's
business processes. This function can be undertaken in a sys-

roguct g tematic fashion or on an ad hoc basis, and be conducted within

business the firm or obtained from external sources. Responsibility for
process S R

these activities can lie within a separate division or in divisions
development

responsible for other functions, e.g., the production of goods or
services.

Table A2-1: Types and definitions of business innovation processes; source: OECD 2018

Degree of innovativeness

The basic requirement for an innovation is that it must be significantly different from the
firm’s previous products or business processes. Some forms of novelty, such as disrup-
tive or radical innovations, in addition to some types of economic impacts, are difficult
to identify within a limited observation period. Alternative measures of novelty, “innova-
tiveness” and economic impacts that are easier to operationalize and measure include:

If an innovation is new to the firm only, new to the firm’s market, or new to the world;
The expected potential to transform the market in which the firm operates; and
The expected potential to improve the firm’'s competitiveness.

Recently, there is a considerable interest in business model innovations. The Oslo Manual
(2018), though avoiding metrics for this type of innovation, distinguishes between three
types of comprehensive business model innovations in existing firms:

Afirm extends its business to include completely new types of products and markets that
require new business processes to deliver;

A firm ceases its previous activities and enters into new types of products and markets
that require new business processes; and

A firm changes the business model for its existing products, e.g., it switches to a digital
model with new business processes for production and delivery and the product changes
from a tangible good to an information good.

Comprehensive business model innovations are of greater interest because they can
have substantial effects on supply chains and economic production, transforming mar-
kets and potentially creating new ones. They can influence how a firm creates utility for
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users (product innovation), and how products are produced, brought to market or
priced (business process innovations).

There may be some truth in the assertion that universities shape the content and
direction of radical innovations rather than incremental innovations to a greater ex-
tent, but there is no claim to this consensus in the literature.

Innovation in other societal sectors - public and civic sectors

The general definition of an innovation for all types of units is as follows: An inno-
vation is a new or improved product or process, or combination thereof, that differs
significantly from the unit’s previous products or processes, and that has been made
available to potential users or brought into use by the unit.

Innovations in the general government sector

Many process innovations in the government sector draw on or are similar to inno-
vations in the business enterprise sector, but service innovations often meet redis-
tributive or consumption-related goals that are unique to government. A common
characteristic of innovation in the government sector includes the frequent use of
collaboration, including with organizations in other sectors, and the co-production
of innovations. Of course, this is highly pertinent for the HEI sector.

The absence of a market is frequently cited as the major difference between the busi-
ness and government sectors (Bloch & Bugge, 2013; Gault, 2012). The absence of
a market alters both the incentives for innovation and the methods for measuring
innovation outcomes. Without data on the cost or price paid for government services,
outcome measurement has relied on subjective, self-reported measures, such as an
increase in efficiency or improved user satisfaction (Bloch & Bugge, 2013).

More broadly, the study of innovation within government and the public sector has
attracted a growing body of empirical research, motivated in part by the increas-
ing demand for benchmarking the efficiency and quality of public services, as well
as identifying the factors that contribute to desirable innovation outputs and out-
comes. Many of these studies have adapted the guidelines in the previous edition of
this manual to develop surveys of innovation in public administration organizations
(Arundel & Huber, 2013; Bloch & Bugge, 2013), although more recent surveys have
added questions explicitly designed for the government sector. This shift was driven
by the need to collect data to support public sector innovation policy (Arundel et al.,
2016). Other research has used various methodologies to examine innovation in ed-
ucation, health and social care services (Windrum & Koch, 2008).

De Vries, Bekkers and Tummers (2016) is a highly-cited literature review paper, at-
tempting to systematize 181 papers and books on general government innovations
with respect to the following five issues: (1] the definitions of innovation, (2] innova-
tion types, (3) goals of innovation, (4) antecedents of innovation and (5) outcomes of
innovation.

Social innovations
Non-profit institutions (NPIs) produce or distribute goods or services, but do not
generate income or profit for the units that control or finance them, and they are
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often non-governmental social institutions. Many NPIs seek to implement “social innova-
tions”, defined by social objectives to improve the welfare of individuals or communities.

Kleevey and Zaring (2018) define a social innovation as a novel activity or organizational
mode that is not, or at least not primarily, motivated by private gain or business logic. Phills
et al. (2008) define it as “a novel solution to a social problem that is more effective, effi-
cient, sustainable or just than current solutions, and for which the value created accrues
primarily to society as a whole rather than private individuals”.

Little if any literature conceptualizes the role of the university in delivering social inno-
vation, partly due to the recent emphasis on university involvement in profit-making and
commercialization activities. Kleevey and Zaring (2018] are an exception to that.

The role of individuals

Individuals as members of one or more households can be involved in innovations. This
can occur outside of regular employment, or through their work on a self-employed basis
in unincorporated enterprises for which they are the sole or joint owner. Understanding
and managing the impact of innovation on individuals in their roles as employees, asset
owners and consumers is an important and understudied issue.
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