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2.1 Introduction

As outlined in Chapter 1, a common policy goal in both high- andmiddle-
income countries is to increase the commercialization of research findings
produced by the public research sector in order to support economic
growth. This process involves the transfer of knowledge produced by
public research organizations, including both universities and public
research institutes, to private sector businesses or government agencies.

A diverse range of policies have been implemented in many countries to
encourage knowledge transfer, including the establishment of knowledge
transfer offices (KTOs)1 at universities and public research institutes. Other
policies include support for open publication and close collaboration
between universities/public research institutes and businesses. One import-
ant issue is how to evaluate the success of these policies in terms of their
economic impacts and their effect on various actors within an innovation
system. Possible evaluation methods include case studies and the collection
and analysis of knowledge transfermetrics. The latter have often involved the
use of IP licensing data.

IP licensing is only one of several channels for transferring know-
ledge produced by universities and public research institutes to pri-
vate firms. However, it is an important focus for research on
knowledge transfer, both in the research reported in this book and
in the academic literature. The research focus on IP licensing partly
reflects its importance to knowledge transfer policies in developed
countries, as described in Chapter 1, and partly reflects the widespread

1 KTOs were originally known as “technology transfer offices,” or TTOs. The use of “TTO”
has fallen out of favor because transferred knowledge can be nontechnological, such as the
rights to biological tissue or software programs.
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availability of relevant data, in contrast to a lack of data for other
knowledge transfer channels.

This chapter provides a conceptual framework for the country case
studies included in this book, and identifies the most commonly used
metrics for knowledge transfer mediated by the licensing of IP. It
describes different methods of knowledge transfer, policies and practices
for supporting knowledge transfer (particularly via IP), and the costs and
benefits of IP licensing. One key message from the chapter is that reliance
on IP metrics may underestimate the extent of knowledge transfer in the
economy and that informal methods of transfer may be a precursor to
more formal relationships.

2.2 Channels of Knowledge Transfer

The public research sector has three main roles that are supported by
government policy. The first is to create trained and educated citizens,
the second is to push the frontiers of knowledge by undertaking cutting
edge research, and the third is to support economic activity through
several channels for transferring knowledge from universities and public
research institutes to the business sector (see Figure 2.1). In recent years
this third role of knowledge transfer is becoming increasingly important
and is often referred to as the “third mission” of universities.
Economically useful knowledge can also be transferred to government
and nonprofit organizations. The transfer of knowledge to government
often occurs through the procurement of research services, with the goal
of improving public services or addressing social needs.

Knowledge transfer occurs through both informal and formal channels.
Informal channels include reading the literature, attending conferences,
hiring trained graduates,2 and discussions via personal contacts. These
have also been combined under the rubric of “open science” because they
make knowledge publicly available at little or no cost (Cohen et al. 2002).
Formal channels include licensing, collaboration and research agreements,
and contracting-out. In general, informal channels do not require the recipi-
ent of the knowledge to make a payment to the institution via a contract,
whereas formal channels use a contract to mediate payment. Knowledge can
be transferred entirely through informal channels, entirely through

2 SeeForay andLissoni (2010).Hiringuniversity graduates is oneof themost important channels
from the perspective of businesses, but is arguably not a formal channel because it does not
require a contract with a university. Conversely, hiring academics for a limited period of time,
such as in a personnel exchange, requires a contract between a business and a university.
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formal channels, or through a combination of both, for instance, when
informal discussions lead to a research agreement that results in an IP
license.

It is important to place knowledge flows from public research to firms
in context. They play only a minor role in the flow of knowledge within
an innovation system. A 2010 survey of manufacturing firms in the
United States of America (U.S.) found that 49 percent of firms obtained
the invention behind their most important innovation from external
sources, attesting to the importance of knowledge flows to an innovation
system, but only 10 percent of them reported that this invention was from
a university. Importantly, however, inventions obtained from technology
specialists, including universities, were of higher value than inventions
obtained from other sources such as customers or suppliers and 37
percent of inventions obtained from technology specialists were based
on a formal channel (Arora et al. 2016).3

Formal 
knowledge 

transfer 
practices

Research
and publications

Dissemination of knowledge via
conferences, seminars, meetings

with industry and others 

Education and training of
students / researchers recruited

by the private sector

Consultancies, contract
research, university–industry joint
research projects, joint research

centers and PhD projects

Public 
research and

education

Industry
and 

innovation

Creation of IP available for
licensing to established firms
and new startup companies

Creation of spinoff and
other forms of academic

entrepreneurship of faculty or
students (with or without IP)

Figure 2.1 Knowledge transfer channels between the public research sector and
businesses
Source: WIPO (2011)

3 The authors do not break down the use of formal channels within the category of technology
specialists, which includes universities, independent inventors, and consultants/service
providers.
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A consistent issue, identified in multiple studies, is the dependence of
knowledge transfer on the ability of firms, particularly firms in the region
where the university or public research institute is located, to absorb or
use inventions produced by public research. Research shows that know-
ledge transfer activities increase with the technological capabilities of
domestic or regional firms (Van Looy et al. 2011; Curi et al. 2012; Hewitt-
Dundas 2012; Calderón-Martínez and García-Quevedo 2013; Okamuro
and Nishimura 2013; Hussain et al. 2014; Ranga et al. 2016). This is an
important issue in low- and middle-income countries and for regional
institutions in developed countries, where firms may lack sufficient
absorptive capacity (see Chapter 10). In addition to regional differences,
firms that rely on informal personal contacts are smaller and have lower
levels of absorptive capacity than firms that use formal knowledge trans-
fer methods (Freitas et al. 2013).

Not surprisingly, firm involvement in knowledge transfer from public
research organizations increases with the firm’s R&D intensity (Freitas
et al. 2013; Okamuro and Nishimura 2013; Kafouros et al. 2015). One
study also finds that firm involvement with universities increases with the
number of universities in a region, possibly because it increases the
probability of a good match between the needs of firms and what univer-
sities can offer, or because greater competition between universities
increases the flexibility of academic and KTO staff (Okamuro and
Nishimura 2013).

Albuquerque et al. (2015) describe an international survey on the use
of different knowledge channels by firms in low and middle-income
countries in Africa, Asia and Latin America. In two low-income coun-
tries (Nigeria and Uganda) informal methods dominate (Kruss et al.
2015), whereas in middle-income countries in Asia (China, Malaysia,
and Thailand) the most common methods are consultancy and research
contracts (Schiller and Lee 2015). One explanation for the importance of
contractual relationships in Asia is their usefulness in building innovative
capacity and problem-solving abilities in firms. In four middle-income
Latin American countries (Argentina, Brazil, Costa Rica, and Mexico),
both contracts and informal channels are used more frequently than IP-
mediated methods (Dutrénit and Arza 2015).

From a public policy perspective, providing information to businesses
at no cost via informal channels will be beneficial if it increases the
number of businesses that use the information to develop commercial
products and processes. In addition, competition will reduce costs for
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consumers. The exception is when no business will invest in commer-
cializing knowledge without an exclusive license, for instance, when the
cost of commercializing knowledge is high but the cost for competitors to
copy it is low. In this case, public research institutes and universities need
to be able to provide firms with exclusive licenses to IP-protected
knowledge.

One of the main purposes of the 1980 Bayh-Dole Act in the U.S. was to
allow public research organization to provide exclusive licenses. The Act
also led to widespread adoption of the “IP licensing model” for know-
ledge transfer, defined in this book as the use of IP to mediate the transfer
of knowledge. The IP licensingmodel has been widely used, even when IP
is not required for firms to develop and commercialize knowledge, as
when an exclusive license is not given. This is partly because universities
and public research institutes were attracted by the potential income
from both nonexclusive and exclusive licenses, as well as the need to
recover the costs of maintaining a KTO. In addition, the IP licensing
model can have other benefits, such as signaling the existence of inven-
tions to firms.

Importantly, policies or research that account for only one type of
linkage can provide only a partial understanding of the patterns of
interaction between the public research sector and businesses.
Nevertheless, the focus of this conceptual framework is on knowledge
transfer systems that involve, at some point, formal transfer methods,
while recognizing that many formal methods will originate in informal
relationships between university researchers and private businesses.

2.3 The Role of Policies and Practices in Promoting
Knowledge Transfer

Policies to support knowledge transfer between public research insti-
tutes and universities and firms should be designed to support
multiple knowledge channels and should take into consideration
the advantages and disadvantages of each channel and the suitability
of different types of knowledge for specific channels. The role of
KTOs has adapted over time to take these issues into account, with
a greater recognition of the need for KTOs to support informal
channels (for instance by arranging “meet and greet” events between
academics and business), in addition to their traditional role in
supporting the IP licensing model.
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Universities and public research institutes can also create
a supportive environment for knowledge transfer through secondary
activities such as educational programs to teach entrepreneurship to
students and faculty and by creating innovation incubators and science
parks (Rothaermel et al. 2007). Incubators and science parks can attract
businesses to conduct some of their activities close to the university and
encourage contacts with researchers and entrepreneurial students and
staff.

Relevant policies and practices to support knowledge transfer occur at
both the national and institutional level.

A review of existing policy research to date reveals a few important
lessons (WIPO 2011). First, despite the general trend toward institu-
tional ownership and commercialization of university/public research
institute inventions, a diversity of legal and policy approaches persists
in terms both of how legislation is anchored in broader innovation
policy and of the specific rules on the scope of patenting, invention
disclosure, incentives for researchers (such as royalty sharing), and
whether safeguards are instituted to counteract the potentially nega-
tive effects of patenting. Second, there is a large variation in the
means of implementing such legislation, as well as the available
complementary policies to enhance the impact of public R&D and
to promote academic entrepreneurship.

2.3.1 National and Institutional Policies and Practices to Support
Knowledge Transfer

The most common national policy of direct relevance to knowledge
transfer concerns the ownership of IP developed in the public research
sector. In some countries, such as the U.S., national laws give ownership
to the institution, other countries, Sweden, for instance, assign ownership
to the inventor, while yet others, such as Canada, leave the decision to the
institution.

An extensive literature exists on the factors that are linked to successful
knowledge transfer by KTOs, but there is only limited research on the
effect of institutional practices at the level of the university or public
research institute (Barjak et al. 2015; Belenzon and Schankerman 2009).
Relevant practices include:

• activities to create an institutional culture that supports knowledge
transfer;

40 arundel & wunsch-vincent

https://doi.org/10.1017/9781108904230.008 Published online by Cambridge University Press

https://doi.org/10.1017/9781108904230.008


• the establishment of institutional strategies for knowledge transfer and
commercialization, such as rules for transparency in contract
negotiations;

• incentives for staff to disclose inventions and support knowledge
transfer by working with potential licensees;

• policies that encourage academic startups, such as allowing faculty to
create and own a share in a startup or to take a leave of absence, the
provision of finance, and supportive infrastructure such as incubators
and science parks.

Overall, the evidence stresses the importance of a well-defined IP
policy. Universities with internal rules supporting the participation of
researchers in knowledge transfer perform better than universities with-
out such rules (Debackere and Veugelers 2005). Further discussion of the
effect of institutional policies on knowledge transfer is provided in
Chapter 10.

2.4 Costs and Benefits of the IP Licensing Model

Since knowledge transfer can occur through multiple channels, an
important policy goal is to ensure that the IP licensing model will drive
knowledge transfer and business innovation while at the same time
preserving open science (Foray and Lissoni 2010) and the benefits of
other contractual or informal channels for knowledge transfer (Rosli and
Rossi 2014; Veugelers 2016).4 Combining informal and formal channels
can have a positive effect on innovation outcomes (Siegel et al. 2003; Link
et al. 2007; Grimpe and Hussinger 2013). The use of both channels could
be especially important to spinoffs (Hayer 2016).

Maintaining multiple channels and supporting positive synergies
among them depends on maximizing the advantages and minimizing
the disadvantages of existing and potential policy approaches. Effective
outcomes also depend on the specific details of IP policy implementation
at the national, regional and institutional levels.

The potential costs and benefits of the IP licensing model, as discussed
in the literature, are summarized in Tables 2.1 and 2.2. Table 2.1 distin-
guishes between possible benefits and costs for the two respective main

4 Czarnitzki et al. (2016) find that the change in Germany from professor’s privilege
(academics may own the IP) to institutional ownership did not result in an increase in
new startups, possibly because the new policy interfered with the previous knowledge
transfer system that was based on academic–firm interactions.
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Table 2.1 Impacts of IP-based knowledge transfer policies on universities/
public research institutes and firms

Potential benefits
Potential costs (or
investments)

Public research
organizations

1) Increased IP ownership
facilitates entrepre-
neurship and vertical
specialization
• Reinforces other pol-
icies aimed at academic
entrepreneurship (e.g.,
enhancing access to
finance)

• Licensing and other
revenues (e.g., con-
sulting) can be
invested in research

2) Cross-fertilization
between faculty and
industry
• Intangible benefits to
university/public
research institutes’
reputation and the
quality of research

• Helps to identify
research projects with
a dual scientific and
commercial purpose

3) Increased student
intake and ability to
place students in firms

1) Diversion of time away
from academic research
• Distorts incentives for
scientists, leading to
changes in the type of
research that is
conducted

• Reorganizes university
processes and culture
with a view to
commercialization

2) IP-related establishment
and maintenance costs
• Cost of establishing
and maintaining
a KTO and related IP
management, includ-
ing investment in
expertise and human
resources

• Cost of time on IP fil-
ings and knowledge
transfer (even if con-
tracted out to a KTO)

• Additional financial
and reputational costs
associated with defense
of IP rights

Firms 1) Facilitates university–
business linkages
• Enables firms to have
access to top scientists
and to collaborate in
developing innov-
ations within a clear
contractual setting

1) Barriers to access to
university inventions
• Reduced free access to
university inventions
and research tools,
except where they
result from
a sponsored contract
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agents (firms and public research organizations), while Table 2.2 sum-
marizes the systemic impacts of IP licensing on science, the economy,
and society. Table 2.3 adds additional notes of relevance to middle-
income countries (WIPO 2011; Zuñiga 2011).

Table 2.1 (cont.)

Potential benefits
Potential costs (or
investments)

2) Enables the creation of
a market for ideas and
contracting with
universities
• Framework dimin-
ishes transaction costs
and increases legal
certainty, facilitating
investment by private
sector

• Securing an exclusive
license increases
incentives for further
investment

• Ability to specialize is
a competitive advan-
tage (vertical
specialization)

• Increases transparency
through published
databases on licensing
and management
practices

• Improves content of
patent databases

3) Commercialization of
new products, generat-
ing profits and growth

• Lack of access if
another firm has
secured an exclusive
license

2) IP-based transaction
costs and tensions in
industry–university
relationships
• University scientists
lack an understanding
of development costs
and market needs,
leading to a higher
probability of bargain-
ing breakdown

• IP negotiations can
interfere with estab-
lishment of joint R&D
and university–indus-
try relations when
institutions act as rev-
enue maximizers with
a strong stance on IP

Source: Authors
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Table 2.2 Socioeconomic effects of IP-based knowledge transfer policies

Potential benefits Potential costs

Broader impacts
on science

1) Increased impact of
more focused research
with potential for
application

2) Improved innovation
system linkages
• Efficient division of
labor in the gener-
ation and commer-
cialization of new
inventions

• Private sector con-
tribution to funding
basic and applied
research

3) Increase in the quality
of research and
education

1) Reorientation of the
direction of research
• Overemphasis on
applied, short-term,
more lucrative
research

• Less diversity in sci-
entific disciplines as
focus on patentable
outcomes increases

• Other university mis-
sions such as teaching
and training are
neglected

2) Negative impacts on
open science
• Crowds out/displaces
the use of other
knowledge transfer
channels to industry

• Publication delays,
increased secrecy, less
sharing, including the
withholding of data

• Decrease in inter-
national scientific
exchanges

3) The prospect of
income for univer-
sities/public research
institutes can reduce
government commit-
ment to funding
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2.4.1 Advantages

Due to data availability (discussed in section 4), we know more about the
IP licensing model in high- and middle-income countries than other
forms of knowledge transfer. Patents are the classic form of IP, but IP is
also used to protect plant varieties (plant breeders’ rights), biological
tissue, knowhow (protected under secrecy), industrial designs, and copy-
right (relevant to software outside the U.S.).5

Studies show that the IP licensing model has supported the emergence of
new industries, such as the scientific instruments industry, semiconductors,
computer software, and the nano- and biotechnology industries (Rosenberg

Table 2.2 (cont.)

Potential benefits Potential costs

Innovation and
growth

1) Commercialization of
inventions with eco-
nomic and social
impacts
• Increase in consumer
welfare and business
productivity via
access to innovative
products and
processes

2) (Localized) positive
impacts on R&D, tech-
nology spillovers,
entrepreneurship,
employment and
growth

3) Higher competitive
position of country in
global market

1) Long-run negative
effect of diverting
attention away from
academic knowledge
production

2) Long-run negative
effects of IP on open
science and follow-on
innovation
• Patenting of broad
upstream inventions,
platform technologies
and research tools
increases the cost of
follow-on research
and innovation

• Reduces the diversity
of research

3) Focus on IP might
inhibit rather than pro-
mote the commercial-
ization of inventions

Source: Authors

5 Trademarks constitute another form of IP, but are rarely licensed by universities or public
research institutes.
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and Nelson 1994; Zucker et al. 1998; Di Gregorio and Shane 2003). Startups
based on university/public research institute IP are also more likely than
established firms to commercialize new technologies that are radical, early
stage, or of a general-purpose nature. However, attributing these positive
impacts exclusively to the IP licensing model is difficult in the absence of
research on the role of other knowledge transfer channels.

Table 2.3 Impacts on low- and middle-income countries

Potential benefits Potential costs

1) All the benefits mentioned above
(see Tables 2.1 and 2.2)

This depends, however, on the
capacity of businesses to absorb
and further develop university
inventions – either by domestic
firms or by locally present multi-
national firms – and whether or
not these inventions are relevant
to the needs of low- and middle-
income countries

2) Ability to contribute to local or
global markets for university
inventions

This depends on the capacity to
generate university inventions and
file patents

University inventions might
also attract the presence of multi-
national companies and their
associated complementary R&D

Strengthened science–industry
links could help reorient research
toward local needs

3) Improved visibility of public
research inventions

Local firms may find it easier to
identify relevant inventions and
academics through patent searches
than through searches of academic
literature

1) All the above-mentioned costs
(see Tables 2.1 and 2.2), some of
which are amplified given the
greater resource constraints of
less-developed economies
• Reduced or no access to critical
technologies owned by univer-
sities in high-income countries

• Overemphasis on applied,
lucrative projects may lead to
less useful inventions from the
point of view of low- and mid-
dle-income countries

• The decrease in international sci-
entific exchanges and a reduced
willingness of institutions in high-
income countries to collaborate as
a result of more complex IP
ownership issues and secrecy

• High cost of obtaining inter-
national patent protection for
university inventions and
resulting opportunity costs

Source: Authors
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The IP licensing model has secondary benefits other than its primary
objective of transferring a specific set of knowledge to one or more
businesses. These other benefits depend on the ability of a patent to
signal the presence of expertise within a university/public research insti-
tute via the information contained in it, which can lead to mutually
beneficial collaborative and contract research agreements, placements
for graduate students, funded PhD scholarships and improvements
in research quality. The cross-fertilization of ideas, problems, and
knowledge between universities/public research institutes and firms can
facilitate joint problem solving and open up new avenues for research
(Owen-Smith and Powell 2003; Azoulay et al. 2009). While this has been
an ongoing trend in high-income economies over the last few decades, it
has enormous potential benefits for low- and middle-income economies,
particularly in building up the research capabilities of universities.

Many of the secondary benefits extend beyond unidirectional knowledge
exchanges between universities or public research institutes and firms.
Industrial research can complement and guide the direction of basic
research. Contractual arrangements with firms can provide university scien-
tists with funds to purchase advanced equipment and instruments.

The signaling function can also be met through publication in scien-
tific and technical journals, but the focus of patents on inventions with
commercial possibilities could have an advantage over publications,
where commercial ideas could be more time-consuming (and therefore
costly) for businesses to identify. Furthermore, the existence of patents
signals the willingness of the institution to license knowledge.

2.4.2 Disadvantages

Open science is based on the norms of rapid disclosure of research results
and an environment of knowledge sharing, co-authorship and joint
projects that contribute to cumulative learning. The patenting of univer-
sity inventions could have negative effects on these norms by slowing the
diffusion of university inventions, including research tools. This could
have an unintended effect of stifling private sector innovation (Eisenberg
1989; Heller and Eisenberg 1998; Kenney and Patton 2011).6 In particu-
lar, the exclusive licensing of patents to single firms could limit the

6 Kenney and Patton (2011) note that the institutional arrangements within which KTOs are
embedded have encouraged some of them to become revenue maximizers rather than
facilitators of technology dissemination.
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diffusion of knowledge generated with public funds, reducing the diver-
sity and number of follow-on innovations.

Moreover, strong IP policies could negatively affect other knowledge
transfer channels that might be equally or more effective in supporting
knowledge transfer under specific conditions. These include informal
knowledge exchanges between businesses and academics as well as for-
mal R&D collaboration, which could be affected by the need for complex
negotiations over IP rights.

The nonfinancial disadvantages of close university–industry linkages
include a loss of academic freedom, a decline in basic research,7 a shift
away from research of low commercial interest, and restrictions on or
delays in publication due to the interest of commercial partners in
secrecy (Van Looy et al. 2004; Tartari and Breschi 2012; Muscio and
Pozzali 2013). Examples have been noted of companies restricting the
findings of university researchers or researchers denying others access to
their data (Campbell et al. 2000; Campbell et al. 2002). Despite these
examples, none of the research to date has found strong negative effects
that cannot be managed with good university codes of practice (Fabrizio
and Di Minin 2008; Czarnitzki et al. 2009; Grimaldi et al. 2011).

The lack of strong evidence of negative impacts could be partly due to
research designs that are unable to detect problems. For example, the
importance of publication delays is likely to be greatest for early-career
researchers such as PhD candidates and post-doctorates who need to
build up a list of publications rapidly. Yet this possible effect is missed in
studies that focus on heads of research groups or university departments.
This could be one reason why a study of departmental heads finds that
publication delays are given a low importance ranking as a barrier to
collaboration with industry, whereas the choice of research ranks much
higher (Muscio and Pozzali 2013).

The risk of industry exerting an undue influence on academic research
is constrained by the small share of university R&D that industry funds.8

In the U.S., for example, industry finances about 5 to 6 percent of all basic

7 Thursby and Thursby (2007) find a small decline in the number of publications in basic
science journals in years in which academics disclose a discovery. This could be because
disclosure creates work related to patenting and licensing that decreases the time available
for basic research.

8 Official statistics show a modest but increasing share of industry-funded R&D carried out
in academia. This has increased in OECD countries from an average of 2.9 percent in 1981
to 6.6 percent in 2007. In Argentina, China, and the Russian Federation, firms also fund
a stable or increasing percentage of academic R&D.
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and applied academic R&D, respectively, although its share (and likely
influence) is much higher in health-related R&D.

The adoption by universities of a proactive patenting strategy can
create other disadvantages. Long delays in reaching an agreement over
IP terms, or university actions tomaximize their potential revenue (Alexy
et al. 2009; Wadhwa 2011),9 can discourage university–industry collab-
oration. Firms can also be discouraged if institutions use a “one-size-fits-
all” approach to patenting research results that ignores the evidence that
patents and exclusive licensing play different roles in the development of
complex versus discrete technologies (So et al. 2008).

Few studies have assessed the disadvantages of institutional IP strat-
egies. Instead, studies show that often – and despite potential friction –
university IP, collaboration, and research productivity go hand in hand.
Universities that collaborate more with industry also tend to have the
most patents.

The IP licensing model could have negative effect on low- and medium-
income countries by raising the costs for businesses to license research tools,
databases, and technologies (Boettiger and Bennett 2006; Engel 2008;
So et al. 2008; Montobbio 2009). In particular, by increasing prices, stricter
IP practices could hinder access to technologies in agriculture, health, and
essential medicines that are of critical importance to less-developed econ-
omies (Boettiger and Bennett 2006). Another concern is that opportunities
for scientific networking or collaboration between scientists in high-income
and less-developed countries could be negatively affected by conflicts over
university patenting strategies (Clemente 2006).

2.4.3 Minimizing the Costs of IP-Mediated Knowledge Transfer

Universities/public research institutes, funding agencies, donors, and gov-
ernments have two levers for preventing or limiting the potentially negative
impacts of IP-based knowledge transfer. First, the patenting and licensing of
specific types of invention can be restricted. For instance, guidelines can
demand that patents should be sought, and exclusive licenses attributed,
only where they are a necessary condition for their commercialization.
University policies and government bodies can also declare certain areas off-
limits to university patenting: basic research, research tools, or technologies
critical to public health in low-income countries.

9 Firmmanagers have argued that it has distanced universities from firms in the U.S. and has
been one reason why US firms collaborate more with firms abroad (Litan et al. 2008).
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Second, when inventions are patented, the type of and access to
downstream licenses can be influenced by legislation or institutional
policies. For instance, licensees of government-funded technologies can
be required to disclose follow-on investment and the steps taken to
commercialize the patent. The goal is to prevent firms from using
licensed patents to block follow-on inventions by other firms. Other
requirements can ensure that products derived from licensed inventions
are sold to consumers or poorer countries on reasonable terms (OECD
2003; So et al. 2008). Field-of-use restrictions can be implemented to
ensure that the IP is made available for future research, including to other
firms. Governments can also reserve the right to practice the invention or
override exclusive licensing rights (“march-in rights”).

Universities and public research institutes are experimenting with
a number of interesting additional approaches, such as open IP policies.
These include patenting and licensing strategies (e.g., granting firms
nonexclusive rather than exclusive licenses, making licenses available
for free or at low cost if used for humanitarian or not-for-profit pur-
poses or by small firms or startups in selected technologies), and
providing easier access to research tools and to copyrighted works
such as teaching materials, an often-neglected IP issue.

2.5 Measuring Knowledge Transfer

Table 2.4 lists the variety of possible knowledge channels, including informal
channels consisting of “open science” and two types of formal channel.
There is a lack of consistency in the literature on the definition of formal
channels, with some studies combining consultancy and contract research
with informal methods in order to focus on the difference between IP-
mediated channels and all other channels (Tartari and Breschi 2012; Abreu
and Grenevich 2013). The formal channels are divided into those that
support the creation of new knowledge by a university or public research
institutes, and contractual methods for accessing existing knowledge pro-
duced by a university/public research institute via IP licensing. Table 2.4 also
identifies the main data sources on knowledge transfer for each channel.

With a few exceptions,10 surveys show that the most common chan-
nels for both firms and academics in high-income countries are open

10 Shapiro (2012) finds that firm managers in Korea give low importance to informal
methods such as publications and conferences. Hiring is given the highest importance,
followed by patents and contracts.
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science, followed by contracts for the creation of new knowledge (Cohen
et al. 2002; Siegel et al. 2003; Cosh et al. 2006; D’Este and Patel 2007;
De Fuentes and Dutrénit 2012; Hughes and Kitson 2012; Grimpe and
Hussinger 2013; Freitas et al. 2013; Okamuro and Nishimura 2013;

Table 2.4 Knowledge transfer channels and data sources

1 2 3

Open science (informal) Contractual (formal) IP mediated (formal)

Training of firm staff by
institutions, placement
of postgraduates in
a firm for an internship

Problem solving/
consultancy with
academics1

Licensing of institutions’
IP (patents, copyright,
industrial designs,
plant breeder’s rights,
knowhow, etc.)

Hiring university
graduates

Research contracts
(research supported by
financial or in-kind
contributions from
government or
industry)

Spinoffs/startups using
the institute’s IP

Attending conferences or
workshops

Collaborative R&D
projects (joint funding
and participation by
the public organization
and government or
industry)

Joint ventures using the
institute’s IP

Reading academic
literature

Personal contacts
Access to advanced

facilities or equipment
Data sources
Surveys of firms or

academics
Surveys of academics,

firms, or KTOs1
Surveys of KTOs, firms,

or public data sources

Source: Cohen et al. (2002); Cosh et al. (2006); Ramos-Vielba and Fernández-
Esquinas (2012); Tartari and Breschi (2012)
1 KTOs may be unaware of many private consultancies between academics and
firms, particularly if academics are not legally required to report private
consultancies to their institution.
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Dutrénit and Arza 2015; Kafouros et al. 2015; Kruss et al. 2015; Schiller
and Lee 2015). This is also partly reflected in the source of knowledge
transfer income. In the United Kingdom, contract and collaborative
research account for the majority of university income from knowledge
transfer, with IP income accounting for only 2 percent to 4 percent of the
total (Cosh et al. 2006; Zhang et al. 2016).

2.5.1 Basic Metrics of Knowledge Transfer via Licensing

Metrics include statistics and indicators. Relevant statistics for know-
ledge transfer include count data such as number of patent applications
and the total amount of license income earned. Indicators standardize
a statistic, for instance by providing the number of patent applications
per 1,000 research academics in the sciences or the amount of license
income earned per EUR 1 million in research expenditures. Both statis-
tics and indicators need to refer to a defined time period such as one
calendar year.

Indicators are essential for benchmarking performance. Using statis-
tics to compare the number of invention disclosures among a group of
universities would be seriously misleading if the group included univer-
sities with large differences in the number of academic staff or in the
types of discipline. A university that focuses on law and the humanities is
likely to have far fewer opportunities for consulting contracts than one
that focuses on science, technology, and medicine.

There are three main reasons for collecting knowledge transfer metrics
for licensing:

1. to benchmark knowledge transfer activities, for instance to permit
comparisons in performance within an institution, across institutions,
or over time;

2. for use in analyses to identify the factors that either support or hinder
knowledge transfer; and

3. to inform policy, such as determining the effect of a change in policy
on knowledge transfer outcomes.

These three reasons are linked because research on the factors that
support knowledge transfer can use benchmarking data as an output
measure, for example, in a study of the factors that increase the number
of patents or the amount of license revenue. Plus, research on “what
works” can be of value in developing or improving policies to support
knowledge transfer.
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2.6 Collecting Knowledge Transfer Metrics for Licensing

The most common source of basic metrics is surveys of KTOs on activ-
ities that are part of the IP licensing model. These metrics are available on
an intermittent or annual basis in many high-income countries, includ-
ing the member states of the European Union, the U.S., Canada,
Australia, and New Zealand. Most surveys of KTOs follow the defin-
itions and standards set by the AUTM for its surveys of KTOs in the
U.S. and Canada. The AUTM has been collecting metrics since the early
1990s.

Table 2.5 summarizes seven basic metrics from KTO surveys: the
number of (1) invention disclosures, (2) patent applications, (3) patent
grants, (4) research agreements, (5) license agreements, (6) startup estab-
lishments, and (7) total license revenue earned. None of these metrics is
a direct measure of commercialization. Invention disclosures refer to an

Table 2.5 Basic metrics from KTO surveys

Statistic Definition1

1 Number of invention
disclosures

Descriptions of inventions or discoveries
that are evaluated by the KTO staff or
other technology experts to assess their
commercial application

2 Number of patent applications New priority patent applications. Exclude
double-counting, such as a patent
application for the same invention in
more than one patent jurisdiction

3 Number of patents granted Technically unique patents granted.
Count a patent grant for the same
invention in two or more countries as
one technically unique patent. If
a technically unique patent grant has
been counted in a previous year, it may
not be counted again

4 Number of research
agreements

All contracts where a firm funds the
university or public research institute to
perform research on behalf of the firm,
with the results usually provided to the
firm. Include collaborative agreements
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Table 2.5 (cont.)

Statistic Definition

where both partners provide funding
and share the results. Exclude cases
where the firm funds a research chair or
other research of no expected
commercial value to the firm

5 Number of licenses executed Include all licenses, options and
assignments (LOAs) for all types of IP
copyright, knowhow, patents, etc.
Count multiple (identical) licenses with
a value of less than EUR 500 each as one
license. A license grants the right to use
IP in a defined field of use or territory.
An option grants the potential licensee
a time period to evaluate the technology
and negotiate the terms of a license. An
assignment transfers all or part of the
right to IP to the licensee

6 Number of startups2 A new company expressly established to
develop or exploit IP or knowhow
created by the university/PRO and with
a formal contractual relationship for
this IP or knowhow, such as a license or
equity agreement. Include, but do not
limit to, spinoffs established by the
institution’s staff. Exclude startups that
do not sign a formal agreement on
developing IP or knowhow created by
the institution

7 Total license revenue earned Total income from all types of knowhow
and IP (patents, copyright, designs,
material transfer agreements,
confidentiality agreements, plant
breeders’ rights, etc.) before
disbursement to the inventor or other
parties. Include license issue fees,
annual fees, option fees, and milestone,
termination and cash-in payments.
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unknown potential for commercialization, with many never patented or
licensed. Patent grants can remain unlicensed, research agreements can
result in no new knowledge of commercial value, and licenses may never
lead to commercialized processes or products.

None of these seven metrics measures the successful commercializa-
tion of IP produced in universities and public research institutes – all are
metrics of inputs into potential commercialization.11 The first three
metrics (invention disclosures, patent applications, and patent grants)
are the furthest from commercialization, but invention disclosures are
the first step in an IP-mediated commercialization process. The next step,
if an evaluation of the invention disclosure results in a decision that there
is commercial potential, is to file a patent application or seek other forms
of IP if a patent is not suitable.

The twometrics that are closest to commercialization are the number
of startups established and license revenue earned. Licenses indicate
that a firm has an interest in commercializing the licensed IP, but many
licenses, particularly for generic technologies or research tools, fail to
lead to the commercialization of new goods, services or processes.12

Similarly, research agreements and startups indicate that a firm is

Table 2.5 (cont.)

Statistic Definition

Exclude license income forwarded to
other institutions than those served by
the KTO or to companies

Source: Authors
1 The definitions follow those used by the AUTM, but have been adapted for
simplicity and for use in countries other than the U.S. See European Commission
(2009).
2 Startups include both spinoffs established by university/public research institute
staff using the institution’s IP and new companies that take a license to
commercialize an institution’s IP, but do not include its staff.

11 Kochenkova et al. (2015) note that there is very little research on the effect of policies to
support knowledge transfer on commercialization outcomes, with most studies focusing
on intermediate outcomes such as patent counts.

12 An example is the Cohen-Boyer patents, which covered a basic research technique that
almost all firms active in biotechnology needed to license. Some of these firms were start-
ups that never produced a commercial product.
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interested in the commercial potential of knowledge produced by insti-
tutions, but we do not know if the research agreement produced useful
research results or if the startup was able to commercialize a product or
process.

Identifying the commercialization of new knowledge produced by
universities and public research institutes requires the ability to identify
licenses that earn running royalties (royalties earned on and tied to the
sales of products) or the ability to follow startups over time and deter-
mine if they commercialized IP obtained from the institution. Recent
AUTM surveys have collected data on running royalties (AUTM 2015b)
and “net product sales,” which includes sales from IP licensed to
startups.13 European KTOs have begun to track outcomes for startups,
but there is not yet agreement on the types of outcome that should be
collected over time (Arundel et al. 2013).

2.6.1 Supplementary Metrics from KTOs

In addition to the basic metrics covered in Table 2.5, KTO surveys can
provide a variety of supplementary indicators of relevance to licensing.
Table 2.6 lists supplementary indicators and their relevance to policy.
The list is limited to indicators of value for benchmarking performance,
the development of policies to support knowledge transfer and the ability
of KTOs to efficiently manage patent portfolios.

A 2009 review of KTO metrics in Europe and the U.S. found that only
two of the supplementary metrics listed in Table 2.6 were collected in
most countries: the number of valid patents in the patent portfolio
(item 3) and licenses by firm size (item 5). Data on exclusive and non-
exclusive licenses were available only for the U.S. and Canada via the
AUTM survey and in a Swiss survey (European Commission 2009), but
questions on exclusive and nonexclusive patents have been included in
later European surveys (Arundel et al. 2013).

Table 2.6 includes counts for PCT patent applications. These can be
filed instead of a national application and lead to patent protection in up
to 140 countries. The PCT is usually only used when the applicant wishes
to acquire a patent in one or more nondomestic countries. In most
countries, its use therefore indicates a higher-quality patent with good
commercial potential.

13 Question S-3, AUTM (2015b).
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Table 2.6 Supplementary metrics from KTO surveys1

Statistic Policy use

Supplementary metrics for patents
1 Domestic patent applications

or grants
These can be “entry-level” patents with

limited commercial application,
particularly if domestic patenting costs
and/or the bar for a patent are low.
A continuing high share of domestic
patents out of total patents over time
could indicate low commercialization
potential or that too many low-value
inventions are patented

2 Foreign patent applications or
grants (USPTO, EPO,
PCT, etc.)

Foreign patents in large markets such as
the European Union or the U.S.
indicate high commercialization
potential. An increase in the share of
foreign patents out of all patents
indicates an improvement in inventive
capabilities/commercialization
opportunities over time

3 Number of granted patents in
the current portfolio that are
valid (patent renewal fees
have been paid)

Combined with the next indicator, data on
the size of the patent portfolio can be
used to determine the share of patents
that have ever been patented. This
should increase over time as the KTO
gains greater experience

Supplementary metrics for licensing
4 Number of patents in the

current portfolio that have
ever been licensed

The share should increase over time.
A stable or declining share could indicate
that the KTO is applying for a patent for
too many invention disclosures

5 Licenses by licensee type:
startups, SMEs, regional
firms, etc.

The share of licenses to regional firms
(SMEs or startups) is of interest if the
government has a policy of encouraging
local development. The disadvantage is
that focusing on regional IP partners
can reduce license revenue2

6 Exclusive and nonexclusive
licenses

Nonexclusive licenses are income earners
for universities/public research
institutes, but are not necessary (no IP
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Table 2.6 (cont.)

Statistic Policy use

is required) if the policy goal is to get as
many firms as possible to take up the
knowledge covered by the license

7 Licenses by type of IP (patents,
knowhow, copyright, etc.)

Patentability is limited to specific types of
knowledge, with other types of IP
required for other types of knowledge.
Data on other types of IP used in
licensing can identify if the license
portfolio is commensurate with the
types of knowledge produced by the
university/public research institute

8 Licenses by technology field
(software, biomedical,
nanotechnology, etc.)

Specific technology fields can dominate
licensing and license revenue (in
Europe, it is the biotechnology/medical
fields). Good benchmarking across
universities and public research
institutes should therefore be based on
comparing metrics by technology field
to compare like with like. Licensing by
field can also be an indicator for
decisions on research investments

Supplementary revenue indicators
9 License revenue from running

royalties/sales of products
based on university/public
research institute IP

Measures of commercialization of
knowledge produced by universities/
public research institutes

Supplementary revenue indicators
10 Startups that have

commercialized university/
public research institute IP

Measure of commercialization of
knowledge produced by universities/
public research institutes

11 Startup sales of products from
university/public research
institute IP, employment in
startups with such sales

Measure of commercialization of
knowledge produced by universities/
public research institutes

Source: Authors
1 For brevity, this table does not include foreign research agreements or licenses.
2 Belenzon and Schankerman (2009) find that universities with strong local
development objectives generate less license income but havemore licenses to local
startups.
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Standardized Indicators

The metrics in Tables 2.5 and 2.6 should be standardized for both
internal and international comparisons. For instance, combining the
number of current patents that have been licensed with the total number
of valid patents in the university/public research institute’s patent port-
folio produces an indicator for the share of licensed patents. Many of the
metrics can be standardized by calculating the rate per 1,000 academic
staff or per USD 1 million in purchasing power parities for research
expenditures.14 Table 2.7 describes these two standardization variables.

Collecting data on research expenditures is necessary in order to
compare results with the U.S., as the AUTM does not collect data on
the number of academics. Research expenditures are influenced by dif-
ferences in purchasing power parities (PPP) in different countries. It is
a simple matter to use PPP currency conversions, but PPPs are calculated
for all economic costs, not just for research costs.

For international comparisons other than with the U.S., there are
advantages in using the number of academics rather than research

Table 2.7 Variables for standardizing knowledge transfer office (KTO)
metrics

Statistic Policy use

1 Total number of academic staff
at a public research
organizations active in fields
with a potential for
commercialization

All basic metrics and most of the
supplementary metrics can be
standardized per 1,000 academic staff.
Standardization per 1,000 academics is
less relevant for the supplementary
licensing metrics

2 Total research expenditures in
fields with a potential for
commercialization

As above, but this information is
necessary to compute standardized
metrics for comparison with the AUTM
surveys for the U.S. and is also required
to calculate the license income share of
total research expenditures

14 Arundel and Bordoy (2010) explore the possibilities and difficulties of developing inter-
nationally comparable output indicators for the commercialization of public science.
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expenditures to produce standardized indicators. The number of
academic staff in full-time equivalents (FTEs) is possibly more com-
parable across studies. National differences per 1,000 academics can
also be a useful (albeit not an ideal) indicator of academic perform-
ance. An alternative is to standardize by the number of peer-reviewed
publications (or a quality-adjusted publication measure) per 1,000
academics. Publication counts are positively correlated with patent
applications (Van Looy et al. 2011; Berbegal-Mirabent and Sabate
2015).

Metrics for the Characteristics of the KTO and its Institution

For econometric research, it is important to collect control variables on
the characteristics of the KTO itself and the institution to which it is
responsible. Relevant KTO variables include its age and number of staff
and, if possible, the area of expertise of KTO staff and the KTO budget.
The KTO’s age is particularly important to obtain because it has
a significant effect on many knowledge transfer outcomes, due to
a positive relationship between KTO age and institutional experience
and knowledge transfer activities (Friedman and Silberman 2003; Conti
and Gaule 2011; Berbegal-Mirabent and Sabate 2015).

Data should also be collected on several characteristics of the public
research institutes and universities that can influence knowledge transfer
activities, including:

• the location of the institution in a dynamic region near innovative
firms, venture capital, etc.;

• the size and type of the institution: private universities with
a commercial orientation can be more active than public universities;

• the portfolio of disciplines, some of which are more prone to know-
ledge transfer, such as biomedical research;

• the research quality of the institution, its reputation and network; and
• the extent of existing collaboration between the institution and firms.

2.7 Conclusions

This chapter describes the different channels that are used by universities,
public research institutes, and firms to transfer knowledge between them
and the role of policies and institutional practices in supporting know-
ledge transfer. The chapter largely focuses on the IP licensing model, due
to extensive academic research on this channel and data availability, but
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it is essential for a full understanding of knowledge transfer to also
evaluate the role of informal and contractual knowledge transfer chan-
nels, as summarized in Table 2.4. Several of the country studies in this
book take a more holistic perspective by evaluating the role of each
channel and how these channels have changed over time in response to
policy changes or economic development.
The collection of metrics on knowledge transfer via licensing is

essential for benchmarking, identifying the factors that support or
hinder knowledge transfer, and to inform policy. There are seven basic
metrics that all countries should collect on the IP licensing model, plus
supplementary metrics of relevance to specific policy issues, such as if
licensing is benefiting domestic firms or the efficiency of IP use, as
measured by the share of IP that is licensed. Additional metrics that
would support a holistic perspective on knowledge transfer are dis-
cussed in Chapter 12.
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