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Policies and Practices for Supporting Successful
Knowledge Transfer from Public Research

to Firms

anthony arundel

10.1 Introduction

In the last decades, governments in many countries have added a third
goal of community engagement to the university goals of teaching and
research. Although there are many types of engagement, a primary focus
is to encourage universities to support the commercialization of univer-
sity-produced knowledge by private sector firms, with the expectation
that this will improve competitiveness, living standards, and employ-
ment. This also requires universities to adopt some of the goals of public
research institutes such as the Fraunhofer Institutes in Germany, which
were established to fulfill this role. The combination of universities and
publicly funded research institutes are referred to in this chapter as
“public research” or “public research organizations.”

Multiple types of policy and practice are involved in successful know-
ledge transfer and commercialization. Successful transfer results in prod-
ucts or processes, derived in part on discoveries or inventions made by
researchers in the public research sector, that are either introduced onto
the market and acquired by users or implemented in the business pro-
cesses or functions of firms or government organizations. Successful
transfer is difficult to identify (see Chapter 12) and consequently many
pre-commercial metrics are used as a proxy, such as the licensing of
public research inventions or the establishment of startups.

The discussion of policies and practices in this chapter draws on the
published literature and six national case studies, three of which are for
high-income countries (Germany, the Republic of Korea, and the United
Kingdom) and three from middle-income countries (Brazil, China, and
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South Africa). These six countries show a range of policies and practices
for knowledge transfer and a variety of contextual conditions that influ-
ence success, including different industrial structures and levels of
technological competence within the public research sector and the
business sector. In the last few decades, all six countries have undergone
major changes in national policies with the goal of improving rates of
knowledge transfer and commercialization.

Section 10.2 evaluates the context for successful knowledge transfer
and commercialization, exploring the effects of linear and nonlinear
models of innovation and how these models influence our understanding
of the demand-side requirements for knowledge transfer. Section 10.3
draws on the literature and the case studies to identify “what works” and
uses the case studies to illuminate the contextual factors that influence
outcomes. Section 10.4 provides brief descriptions of changes in know-
ledge transfer policy practices in each of the six case countries and an
evaluation of the causes of the changes. Section 10.5 draws conclusions
and recommendations for supporting knowledge transfer.

10.2 Models of Knowledge Transfer

Knowledge transfer can occur via multiple channels, as discussed in
Chapter 2. Different methods for knowledge transfer can result in equally
successful results, indicating equifinality, in which multiple causal paths
can lead to the same desired outcome (Ordanini et al., 2014). The
probability of a successful outcome is affected bymany contextual factors
that are not the direct target of knowledge transfer practices, such as the
national industrial structure, the firm’s main sector of activity, the
national or regional level of economic development, the type of research
conducted by public research organizations, and the technological and
innovation capabilities of both the public research sector and private
sector firms.

The type of research varies by the domain or field of science, but also
between basic and applied research. Basic research is expected to have
long time lags between discovery and commercialization, whereas
applied research is closer to the market and therefore has shorter time
lags. The widely disparaged but still powerful “linear model” of innov-
ation assumes that basic research, conducted by universities and some
public research institutes, is followed by applied research, either by public
research organizations or firms, that results in commercial products and
processes. The linear model, or the “mode 1” conception of knowledge
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transfer (Gibbons et al. 1994), underpins the American Bayh-Dole Act of
1980.

The linear model has two assumptions. First, it views knowledge flows
as unidirectional, flowing from public research organizations to firms.
Second, it assumes that there is an ample supply of firms that are capable
of taking university discoveries and further developing them into com-
mercial products and processes, but unwilling to invest in further
research because of a lack of patent protection on inventions. The Bayh-
Dole Act permits universities to provide the necessary patent protection.

The assumption of an ample supply of firms with the absorptive
capacity to develop university inventions into products and processes
probably reaches its closest approximation to reality in the United States
of America (U.S.), where there is a larger pool of firms that are close to the
technological frontier than in many other countries. Firms in science-
based industries are also more likely to successfully use university inven-
tions within a mode 1 linear model because they have the necessary
capabilities to work within this model. However, this model does not
hold in many countries and is also unlikely to be true in some regions of
the U.S., in sectors where innovation is not based on science, or among
specific types of firm, such as SMEs that lack advanced technological or
scientific capabilities.

The mode 1 linear model of innovation assumes that there is always
sufficient demand from national firms that are capable of using know-
ledge produced by universities. This has led to national policy reports in
almost every developed country lamenting that excellent research results
produced by national universities fail to be picked up and developed by
national firms, with the blame placed on the universities or on the lack of
programs to transfer knowledge from universities to capable firms. An
example is a South African White Paper that states:

Whilst South Africa has many examples of good R&D work, it has only
managed to commercialise and exploit the research results in a few
instances. Part of the problem is undoubtedly the absence of mechanisms
to ensure that industry benefits maximally from the [output of public
research] and other basic and/or applied research performers. (cited in
Kahn 2017: 12).

The “mode 2” model (Gibbons et al. 1994) revises the original linear
model based on technology push by introducing the need for universities
to conduct applied research and consequently provide firms with inven-
tions that are closer to the market. Market proximity has been measured
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through “technology readiness levels” or “proof of concept” (Heder 2017;
Munari et al. 2017). Yet the mode 2 model is still insufficient because it
fails to integrate the other half of the knowledge transfer process: the
absorptive capacity of firms. Caryannis and Campbell (2009) and Miller
et al. (2016) extend the mode 2 model by recognizing the need for
demand pull from firms to the public research system, such that public
research scientists are aware of industry needs and are able to act on this
knowledge by altering their research programs. In the South African case,
Kaplan (2008) argues that this occurs infrequently because there are few
incentives for researchers to change or adjust their research programs to
meet domestic needs. Furthermore, government officials in South Africa
have understood a failure to transfer knowledge as a network failure,
where there is a lack of bilateral communication between university
academics and the managers of firms, or as a financial problem, with
insufficient early-stage funding for startups or incentives for university
researchers, instead of a possible “mismatch between demand and sup-
ply” (Kahn 2017: 28).

This is not only a problem for South Africa – in many countries,
academics are comfortable within a technology-push model because it
requires less involvement and provides more independence, permitting
academics to conduct the type of research that they want to do and in the
way they want to do it. This model does not require academics to conduct
research that meets the needs of industry. This goes deeper than argu-
ments over the “different cultures” of academics and firms, which often
revolve around deadlines and confidentiality and arise when academics
are involved in a collaborative research project with industry. The greater
issue is the willingness of public researchers to engage with industry in
the first place. O’Shea et al. (2008) note that there are large differences
among academic researchers in their interest in engaging with a variety of
stakeholders, while Arque-Castells et al. (2016) find that approximately
one-third of Spanish and Portuguese academics that hold a patent for an
invention are not interested in working with firms, even with financial
incentives from a possible share of future royalty income.

The “mode 3” model for knowledge transfer assumes that effective
transfer requires a pool of firms with sufficient absorptive capabilities
(Hallam et al., 2014) and that there is a reverse knowledge flow whereby
firms provide public research scientists with information on their needs
and that this information influences the research projects of public
research scientists. Miller et al. (2016) argue that this “demand pull” is
the dominant factor in the process of effective knowledge transfer. It is
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likely to be of critical importance to collaborative research between the
public research sector and firms. Mode 3 therefore follows a nonlinear
model that is aligned with theories of national innovation systems
(Lundvall 1992; Hallam et al. 2014).

In many countries, an awareness of demand pull has existed for
decades and was met through public research institutes that conducted
applied research for local industries, but universities were often outside
this system. An example is Germany, which maintains a clearly defined
basic research infrastructure, including universities, the Max Planck
Institutes, and, to a certain extent, the Helmholtz Institute. Researchers
atMax Planck do not see knowledge transfer as part of their role and have
been largely unaffected by the trend, in many countries, to introduce
third-pillar “community engagement” into public research organizations
(see Chapter 5). Conversely, other public research institutes such as the
Fraunhofer Institutes and the Leibnitz Institute view knowledge transfer
as an important part of their role.

Out of the six country case studies, the United Kingdom has probably
experimented the most with policies to encourage demand pull. Since the
early 2000s, UK policy identified the disadvantages of too much focus on
IP as part of a technology-push model and encouraged universities to
become active players within a complex ecosystem of innovation charac-
terized by collaboration and knowledge exchange (see Chapter 4). This
was supported by financial incentives that allocated 9 percent of total
government research funding on the basis of the income universities
obtained from knowledge transfer activities, along with research subsid-
ies to firms to participate in collaborative research with universities.

A “mode 3” model based on an understanding of national innovation
systems recognizes the roles of both technology push and demand pull,
with a focus on both public research and the capabilities and needs of
national firms. Both public science and the private sector play strong
roles, such that the failure to transfer knowledge could be due to a range
of deficiencies on each side. Furthermore, mode 3 includes knowledge
transfer intermediaries, such as university “technology transfer” and
“knowledge transfer” offices, that play a greater role than simply prepar-
ing patent applications and licensing contracts. Instead, effective know-
ledge intermediaries need to actively find firms that could benefit from
public research and encourage informal and formal contacts and collab-
orations between public research scientists and firms (Garengo 2019).

The terminology for knowledge intermediaries reflects the different
conceptions of how knowledge flows. The original concept of
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a “technology transfer” office is based on the linear model, whereby
knowledge flows in one direction from public research to firms. The
update to “knowledge transfer” offices remains within this paradigm,
with the exception that “knowledge” includes nontechnical knowledge
such as works protected by copyright. The most recent term, although
still rarely used for practical purposes, is “knowledge exchange,” which
views the process as involving a bidirectional flow of knowledge. This
also includes cocreation as part of “open innovation” (Chesbrough 2003;
Miller et al. 2016), where researchers from firms and public research
organizations jointly develop inventions, often through collaborative
research projects.

10.2.1 The Knowledge Capabilities Gap

While the linear model assumes that there is a pool of capable firms that
can make use of results flowing out of a “public research pipeline,”mode
3models assume that a pool of capable firmsmay not exist: national firms
might lack the absorptive capacity to use the outputs of the public
research sector. This can be captured through the concept of
a knowledge (or technological) capability gap between firms and public
research.

The effect of a knowledge capability gap has been identified in several
contexts. Haas et al. (2015), in an analysis of 952 problems posted on an
online forum, find that knowledge providers are more likely to allocate
time to solving a posted problem if the problem matches their expertise.
In addition, they find an inverse “U” relationship between the novelty of
a problem and the probability that solution providers will respond. Chan
et al. (2018) examine the adoption of novel ideas obtained from a firm’s
customers through crowdsourcing and find that the adoption of the idea
by the firm declines with the novelty of the idea, as measured through
newness, distinctiveness, and originality. Criscuolo et al. (2017) also find
an inverse “U” relationship between the novelty of 556 research proposals
for R&D funding and the share of requested funding received.

A study by Kotha et al. (2013) provides an empirical example of the
effect of a knowledge gap on the licensing of invention disclosures from
an unidentified American university between 2001 and 2006. Out of
3,776 invention disclosures, 874 inventions were patented, of which
38 percent (339) were licensed, while 14 percent (416) of the non-
patented inventions were also licensed, giving a total of 755 licensed
inventions. Of note, more licenses were given to non-patented inventions
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than to patented inventions. The authors calculate the scientific “dis-
tance” or technological complexity of each invention disclosure, meas-
ured by the number of knowledge domains used for the invention and the
prevalence of cross-disciplinary research between the domains.
Inventions with low technological complexity are likely to provide
minor increments to existing knowledge, while very technologically
complex inventions are likely to represent major inventions. The authors
use survival analysis to determine the probability of each invention being
licensed. Similar to Criscuolo et al. (2017) and Chan et al. (2018), Kotha
et al. (2013) find an inverse “U”-shaped relationship between the prob-
ability of licensing and scientific distance. Inventions of medium com-
plexity are more likely to be licensed than inventions of both low and
high complexity. This effect is mediated by the inventor team’s experi-
ence with licensing. Greater experience increases the probability of
licensing all types of invention, while low experience decreases the
probability of licensing more technologically complex inventions.

The implication of this research is that a large gap between the
technological complexity or novelty of an invention or idea and the
capabilities of potential users decreases the probability that an invention
or idea will be taken up, probably because potential users lack the
absorptive capacity to understand and adapt an invention or idea for
their own uses. Conversely, inventions or ideas with low complexity or
novelty are also less likely to be taken up, possibly because firms are
capable of developing similar solutions. In the Kotha et al. study, univer-
sity inventions with low complexity may be less likely to be licensed
because firms can work around the patent, saving the cost of taking out
a license. The positive effect of the previous licensing experience of the
inventors could increase the probability of licensing complex inventions
because it signals to firms that the inventors are willing to assist firms in
understanding and further developing complex inventions into commer-
cially useful products or processes.

The gap in capabilities between university inventors and a firm is likely
to vary between countries. For instance, the average absorptive capacity
of the potential pool of licensees in a technologically leading economy
such as the U.S. is likely to be greater than in a middle-income economy
such as Brazil. In addition, inventions by universities in middle-income
economies are also likely to be less novel or complex than they are in the
U.S. Nevertheless, the literature suggests that what matters is the gap in
technological capabilities between university academics and domes-
tic firms, rather than the absolute level of complexity of the
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university invention. The gap needs to be sufficiently large to
provide inventions that firms could not develop themselves, but
not so large that firms are unable to understand and commercialize
them. Of course, there may be islands of competence where the
technological gap between public research and firms is within
a “sweet spot” for licensing, as shown by the high technological
capabilities and close linkages with public research of aircraft
manufacturers in Brazil (De Negri and Rauen 2017) or petrochem-
ical firms such as Sasol in South Africa (Kahn 2017).

The technological gap can also occur in the other direction, with
universities operating at a lower level of technological competence than
firms. In this case, firms have little interest in licensing inventions from
universities. One example is large firms in the Republic of Korea, which
benefited from public research from the 1970s until the 1990s. However,
after the late 1990s, the capabilities of large firms in the Republic of Korea
exceeded the capabilities of the public research sector (see Chapter 6),
with one consequence being a shift in policy to encourage public research
institutions to support technologically lagging SMEs.

The concept of a knowledge gap applies not only to licensing IP, but
also to involvement in collaborative research.When the knowledge is gap
is high, firms might resort instead to contracting out research to public
research organizations.

Out of the six country case studies, four identify barriers to knowledge
transfer as a result of a knowledge gap where the capacities of universities
exceed those of firms (Brazil, China, South Africa, and the United
Kingdom), and the Republic of Korea identifies a knowledge gap where
the capacities of firms gradually exceeded those of universities. Germany
is the only case study where a knowledge gap does not appear to be
a significant issue, either because of the well-developed infrastructure of
public research institutes that serves the requirement for applied research
by German firms, or because of a lack of comprehensive data for
Germany on knowledge transfer channels other than those based on
patents (see Chapter 5).

The technological gap between universities and firms can be imagined
as a situation where knowledge must be “pumped uphill” to overcome
the deficit in the absorptive capacities of firms. The “pump” can consist of
demand-side activities such as investments by firms in absorptive cap-
acity, the active assistance of academics in helping firms to understand
their inventions, or closer collaboration between firms and academics so
that the last are more knowledgeable about the problems that firms face.
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Policy can contribute to the pump by subsidizing the R&D activities of
firms, providing subsidies for collaborative research between firms and
universities, or supporting university practices that encourage inventors
to assist firms, for instance, by taking up short-term contracts with firms
to assist with knowledge transfer.

10.3 Appropriate Policies and Practices

Successful knowledge transfer from public research depends on context:
the technological and related capabilities of firms and public research
organizations, the gap between these capabilities, and the industrial
structure of a country, among other factors.

From the perspective of the mode 3 model, there are three main actors
in knowledge transfer: the public research organization (a university or
public research institute), intermediaries, particularly knowledge transfer
offices, and firms. Figure 10.1 charts the relationships between these three
nodes and identifies the main factors for each actor that can influence
successful knowledge transfer.

The set of factors that promote knowledge transfer are likely to differ
depending on the knowledge transfer channel (startups, contract
research, collaboration, or IP licensing), interactions between policies,
and interactions with other knowledge transfer channels. The systems
perspective underlying the mode 3 model of knowledge transfer empha-
sizes the need for policies and practices to bridge the knowledge gap

Public research
organizations

Capabilities
Incentives  for 

researchers
Researcher interest

Written, flexible policies
Linkages with firms

Exclusive
 licensing rules

Knowledge 
intermediaries 

(KTOs)
Experience
Incentives
Skill sets

Size
Proximity

Firms
Sector

Absorptive capacity
Capabilities

Linkages with public 
research

Linkages

Figure 10.1 Factors that influence knowledge transfer
Source: Authors
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between public research and firms and to support knowledge exchange in
addition to knowledge flows from academia to firms.

The question for policy is which factors need to be further developed
and which factors are functioning adequately? Table 10.1 provides a basic
framework for answering this question, based on the concept of
a knowledge gap between public research and firms. Table 10.1 should
be interpreted in respect to specific knowledge domains, for instance it
could refer to knowledge on food manufacturing (safety, shelf life, pro-
cessing, packaging, etc.) or to pharmaceutical manufacturing.

Successful knowledge flows require motivating all three partners
(researchers, KTO intermediaries, and firms) to participate in knowledge

Table 10.1 Policies to support knowledge transfer for differing capabilities
of public research organizations and firms

Level of firm capabilities
High Low

Level of public
research
capabilities

High A Ensure
knowledge
flows through
flexible
licensing and
contracting
rules; incentives
for public
research
scientists to
disclose
inventions and
assist firms

B Bridge the gap
through polices
to build firm
capabilities and
incentives for
the public
research sector
to interact with
firms

Low C Bridge the gap
through
policies to build
public research
capabilities and
incentives for
firms to interact
with the public
research sector

D Improve public
research
capabilities
(supply), firm
capabilities
(demand), and
knowledge
exchange
between them

Source: Authors
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transfer. In cell A of Table 10.1, where the capabilities of both public research
and firms are high (and with a suitable knowledge gap somewhere near the
top of the inverse “U” distribution), the role of policy is to ensure that there
are appropriate incentives for interactions and capabilities in place for the
three main actors in knowledge transfer. For cells B, C, and D, additional
policies to either build supply capabilities in the public research sector or
demand capabilities in firms are likely to be required in addition to the
policies identified in cell A. For example, when public research capabilities
are high but firm capabilities are low (cell B), incentives are required to
encourage public research academics to interact with firms, in addition to
R&D or other types of subsidy to build firm capabilities. Cell C provides the
opposite case where firm capabilities are high but public research capabilities
are low. Here, incentives could be required to encourage firms to interact
with the public research sector, in addition to supply-side policies to
improve the capabilities of public research academics.

Policies and practices can be usefully divided into two groups: those
that directly address knowledge transfer, such as incentives, funding for
KTOs, etc., and those that affect contextual factors such as the technical
capabilities of firms or the industrial structure. Most of the existing
literature on policies and practices to support knowledge transfer is
relevant to cell A in Table 10.1 and concerns direct methods to improve
knowledge transfer. Nevertheless, this literature is of use to all other
conditions because it identifies practices that support interactions
between public research and firms. These direct policies and practices
are discussed below for each of the three main actors: public research
organizations, knowledge intermediaries, and firms.

10.3.1 Policies, Practices, and Characteristics of Public Research
Organizations

A history of previous linkages between a public research organization
and firms increases the interest of researchers in knowledge transfer
activities and consequently the probability of knowledge transfer
(D’Este and Patel 2007; Libaers 2012; Padilla-Meléndez and Garrido-
Moreno 2012; Grimpe and Hussinger 2013; Agiar-Diaz et al. 2016). In
addition, academics can be motivated to collaborate with firms by previ-
ous involvement in applied research and the importance of applied
research to career advancement (Abreu and Grinevich 2013; Abreu
et al. 2016; Zhang et al. 2016). In contrast, practices such as
a requirement to disclose inventions with commercial potential have
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only a small effect on the involvement of academics in knowledge
transfer (Abreu et al. 2016).

Combining informal and formal knowledge transfer channels can have
a positive effect on the innovation activities of firms (Siegel et al. 2003;
Grimpe and Hussinger 2013). Informal channels build up relationships
and trust between academic researchers and firms that can lead, over
time, to research relationships that produce IP (Weckowska 2015). The
use of both informal and formal channels could be especially important
to spinoffs (Hayer 2016).

Another type of linkage is when public research organizations and
firms coinvent through a collaborative research agreement. This can
result in corporate patents that include university inventors as
a contributor through formal or informal channels. Walsh (2016) reports
that 4 percent of corporate triad patents held by American firms between
2001 and 2004 included formal or informal input from universities.

An important factor for encouraging knowledge transfer via IP-mediated
methods is financial incentives for academic staff to disclose inventions and
participate in the knowledge transfer process (Walter et al. 2013). The size of
the financial reward has a positive effect, either through a one-off lump sum
or a share of ongoing royalties (Friedman and Silberman 2003; Siegel et al.
2003; Lach and Schankerman 2004; Debackere and Veugelers 2005; Walter
et al. 2013), although in Brazil an increase in status and recognition has also
been a driver for increased academic interest in knowledge transfer activities
(Closs et al. 2013).

Studies of academics find that their interest in participating in knowledge
transfer can also be increased by including knowledge transfer activities in
performancemeasures (Siegel et al. 2003; Closs et al. 2013; Ranga et al. 2016)
and permitting academics to take time off to work with a firm.

Barriers to researcher interest in knowledge transfer include personal
characteristics that create a lack of interest in knowledge transfer or in
financial incentives, teaching and other responsibilities that reduce the
time available for academics to engage in knowledge transfer (Closs et al.
2013), concern over delays in publishing knowledge linked to IP, a lack of
financial support (for instance, when the academicmust cover the patenting
costs, which can be an issue in middle-income countries), a lack of research
ideas with commercial potential, limited experience with interactions with
firms (D’Este and Patel 2007), and differences between academic and
business cultures, although this may be less important than commonly
believed. In a UK survey of both businesses and academics, less than
7 percent of both groups cited cultural differences as an important barrier

372 arundel

https://doi.org/10.1017/9781108904230.019 Published online by Cambridge University Press

https://doi.org/10.1017/9781108904230.019


to interactions. In comparison, themost commonly cited barrier was “insuf-
ficient internal resources,” cited by 42 percent of businesses and 28 percent
of academics (Hughes and Kitson 2012).

Bureaucratic and inflexible rules for knowledge transfer activities can
act as a barrier to the participation of both academics and firms in
knowledge transfer (Muscio et al. 2016). Knowledge transfer via licensing
is supported by clear IP regulations that provide guidance to staff (Baldini
et al. 2006) and a flexible approach on the part of the public research
organization to licensing (Lerner 2005; Okamuro and Nishimura 2013;
Barjak et al. 2015; Shen 2016).

Policies that contribute to knowledge transfer via the establishment of
startups include dedicated programs (support for developing business
plans, etc.) and facilities (such as an incubator) (Berbegal-Mirabent et al.
2015; Muscio et al. 2016) and employment conditions that permit aca-
demics to take leave to work with startups. High licensing income for
inventors has been found to reduce the number of startups, possibly
because it provides a less demanding source of income (Markman et al.
2004; Barjak et al. 2015). However, a European study that evaluated
the effect of multiple policies on the establishment of startups found
that the share of license income retained by inventors had a positive effect
on the number of startups (Barjak et al. 2015).

10.3.2 Policies, Practices, and Characteristics of KTOs

The experience of the KTO, often estimated by the number of years that
the KTO has been active, has a significant positive effect on many
knowledge transfer outcomes (Friedman and Silberman 2003; Conti
and Gaule 2011; WIPO 2011; Berbegal-Mirabent and Sabate 2015). The
effect is due to a positive relationship between KTO age and institutional
experience with knowledge transfer activities.

To be effective at knowledge transfer tasks, KTOs require highly skilled
staff. Relatively low salaries, as noted in the case studies for Brazil and the
Republic of Korea, can result in a failure to attract skilled employees. In
addition, policies that do not permit KTOs to retain a percentage of license
revenues can limit the ability of KTOs to offer benefits to staff.

Several of the case study countries provide regional or national KTOs
or technology exchanges that can serve multiple public research organ-
izations (China, Brazil, Germany). However, the preference of larger
public research organizations is to retain their own KTO instead of
using the services of a regional KTO. This suggests that proximity
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between a KTO and its institution is a strong advantage (see Chapter 4).
This could be due to the ability of proximate KTOs to develop close
working relationships with researchers and local firms.

10.3.3 Policies, Practices, and Characteristics of Firms

Two consistent results from the literature are that firms dislike rigid rules
over IP and firm involvement in knowledge transfer from public research
organizations increases with the firm’s R&D intensity (an indicator of
technological capabilities) (Okamuro and Nishimura 2013; Maria et al.
2014; Kafouros et al. 2015). Okamuro and Nishimura (2013) also find
that firm involvement with universities increases with the number of
universities in a region, possibly because it improves the probability of
a good match between the needs of firms and what universities can offer,
or because greater competition between universities increases the flexi-
bility of academic and KTO staff.

A major policy challenge is to create demand pull from firms, which
requires firms with sufficient absorptive capacity to take an interest in
public research inventions. Demand pull can be created through subsid-
ies for R&D and innovation activities within firms, subsidies to permit
firms to hire trained graduates from public research organizations and to
thereby interact with these institutes, such as the THRIPS program in
South Africa, or subsidies for consulting, contract research, or collabor-
ation with universities or public research institutes.

A second issue related to demand is ensuring that firms are aware of
research projects and inventions developed in the public research sector.
Several countries have established national technology exchanges for this
purpose (e.g., China and Brazil), but the effectiveness of these exchanges
appears to be limited. This could be because firms have many other
methods of identifying interesting projects or capabilities, such as read-
ing the scientific literature or searching patent databases. Alternatively,
KTOs can publish relevant information that is oriented to the needs of
local firms. Due to the importance of proximity in firm–university
contacts, this could be an important complement to other sources of
information used by firms.

10.3.4 National versus Institutional Policies and Practices

Knowledge transfer programs can be supported at the national level and
at the institutional level. Munari et al. (2016), in an analysis of European
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programs at 125 KTOs to fund the gap between invention and the
development of a commercially viable prototype, report a shift over
time in national centralized programs to decentralized activities at the
level of the institution or region, which then shifts back again to
a centralized program. The authors suggest that centralization is high
at the start of policies to initiate and encourage knowledge transfer
activities, which are then replaced by local experimentation that builds
on in-depth knowledge of the needs of local firms. Over time this is then
replaced by further centralization to “refine and complement local initia-
tives with measures promoting critical mass and selectivity.”

A similar pattern appears to have occurred in the United Kingdom
(see Chapter 4). The 2009 UK survey of university academics found
that academics in regional areas were more intensively involved in
university–industry linkages than academics in the metropolitan
regions and that teaching-oriented universities were also very active
in these linkages (Zhang et al. 2016). However, a policy of using
knowledge transfer for local economic development (supported by
regional development authorities) was abandoned in 2010. This was
followed by a shift to finding the highest bidder for university IP, no
matter where located.

Inmany countries there is an unavoidable tension between a national goal
tomaximize income from IP and goals to use knowledge transfer to improve
the competitiveness of domestic or regional firms (Kassicieh 2012; Rosli and
Rossi. 2014). Until recently, the Republic of Korea explicitly followed
a policy of encouraging universities to support the local economic develop-
ment of SMEs, at the cost of reduced IP income (Lee and Shin 2017).
SMART specialization platforms can help to overcome these problems by
focusing on promoting regional strengths and providing mechanisms
whereby firms can influence public sector research through demand pull.
This can require an open knowledge exchange environment to assist in
building effective relationships and for KTOs to actively support cocreation
(Miller et al. 2016).

10.4 Policies and Practices for Knowledge Transfer:
Case Study Results

Several of the case studies identify a common pattern: direct policies to
support knowledge transfer were implemented to address one of the players
in the knowledge transfer system without sufficient steps to ensure that all
players could participate, including a failure to adequately address
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a knowledge gap between public research and firms. As a result, direct
policies that increased the output of patented inventions in Brazil, the
Republic of Korea, China, and South Africa were not matched by an
equivalent increase in patent licensing. Over time, the mix of policies and
practices were changed to address inadequacies in existing policies (China,
Brazil, South Africa, and the United Kingdom), changing circumstances
(Republic of Korea) and changes in political goals (United Kingdom).

10.4.1 Brazil (Chapter 7)

The Innovation Act of 2004 addressed the knowledge gap, a lack of
incentives for public researchers to work with firms, and the need for
knowledge intermediaries. It allowed the government to provide grants
to firms to invest in innovation (thereby building capabilities) and
created a framework for university–firm interactions, including the
right for universities to sign exclusive licensing agreements with firms
and provide staff with financial compensation. The Act also required all
universities and public research organizations to have a KTO or use the
services of a shared KTO. The Act appears to have increased university
patenting. Between 2000 and 2012, Brazilian universities increased their
share of total patents tenfold, from 0.38 percent to 3 percent. However,
the Act had several flaws: it failed to provide sufficient funding to KTOs,
required KTO staff to be public servants, and did not specify the specific
mechanisms by which researchers could receive a share of license income
for their patents. In 2016 the Act was replaced by a new Act that
addressed many of the shortcomings of the 2004 Act, but it did not
resolve the issue of financial incentives for university researchers.

10.4.2 Republic of Korea (Chapter 6)

The Government of the Republic of Korea established public research
institutes in 1973. Since then, public research institutes have played
a greater role than universities in public R&D and knowledge transfer.
In the late 1990s, policies were introduced to improve the role of univer-
sities in knowledge transfer, culminating in the Technology Promotion
Act of 2000, which required universities to have KTOs and shifted
ownership of IP from the government or individual professors to
KTOs. The number of KTOs increased from seventeen in 2003 to 263
by the mid-2010s. This generated a large increase in university patents,
but little additional commercialization. The government has also tried to
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engineer a shift in the role of universities and public research institutes
from supporting large firms to supporting knowledge transfer to SMEs.
Large firms no longer required public research support because their own
internal capabilities exceeded those of public research institutes.

The shift in the role of public research institutes to support SMEs and
regional economic development has not succeeded due to the funding
model for salaries of researchers. Financing is linked to the number of
projects, which compels researchers to conduct many projects within
a short period of time. The result is that projects are completed before
a discovery reaches a level of development that is appropriate for SMEs.
Given a large knowledge gap between public research institutes and
SMEs, there is a need to make sure that new technologies are developed
to the level of demonstrated prototypes in operational environments
(technology readiness level 7).

In the late 2000s, the government made several further changes to the
knowledge transfer system, by providing funding for universities to revitalize
regional economies and by relaxing restrictions on exclusive licensing and
permitting universities to license to foreign firms. KTOswere also instructed
to obtain more information on the needs of firms in order to create demand
pull. The government also increased the rate of funding for KTOs from
1.3 percent of research expenditures in 2010 to 3.3 percent in 2015, with the
expectation of improving the skills and quality of KTO staff. To date there is
little evidence that the policy revisions have paid off in an increase in
commercialization via licensing. The share of total license income out of
total R&D expenditures for public research institutes and universities com-
bined was 1.38 percent in 2009 and 1.35 percent in 2014.

The example of the Republic of Korea suggests that government policy
has lagged behind the needs of industry (public research institutes failed
to maintain an optimal knowledge gap with both large firms and SMEs).
Policy also appears to have dropped the focus on domestic industry in
favor of increasing the amount of license income earned by public
research institutes. This is an imperfect measure of successful knowledge
transfer in a country where most licenses are based on lump sum
payments instead of running royalties on the actual sales of products
based on licensed inventions.

10.4.3 China (Chapter 8)

The patenting activity of Chinese public research organizations has
increased substantially, but both patent applications and licensing are
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concentrated in a small number of research universities. The main barrier
to licensing is low demand from domestic firms, suggesting a continuing
knowledge capability gap. Half of licenses go to foreign-owned firms.

To address these issues, the 1996 law on knowledge transfer for
universities and public research institutes was amended in 2015 to
support the knowledge transfer capabilities of public research organiza-
tions and the technological capabilities of firms. Before 2015 the transfer
of university IP had to obtain the approval of theMinistry of Finance, and
income from knowledge transfer also went to the Ministry of Finance.
The 2015 amendment gave full control of IP and related income to
universities and public research institutes and allowed these organiza-
tions to give much larger financial incentives to researchers and KTO
personnel. Other Chinese policies supported demand pull by involving
firms in research cooperation with universities. Firms participate in
90 percent of national R&D projects and lead approximately half of
science and technology projects.

10.4.4 South Africa (Chapter 9)

South Africa has world-class universities that focus on leading-edge
research. A substantial share of all research expenditures (24.5 percent)
is for basic research as part of “Big Science.” Research programs are
primarily driven by academic interest. With the important exception of
several industry-focused public research institutes that serve the petro-
chemical, pulp and paper, wine, and mining sectors and excellent link-
ages between university agricultural research and the agricultural sector,
the South African research system is not designed to produce applied
research of relevance to the majority of South African firms. A major
challenge for knowledge transfer in South Africa is to improve the
technological capabilities of South African firms outside of several sectors
of excellence. Other challenges include shifting from a mode 1 to a mode
3 model for knowledge exchange on the part of public research organiza-
tions, for instance, by building closer relationships between firms and
academics so that demand-pull influences are incorporated into research
programs.

10.4.5 United Kingdom (Chapter 4)

The public research sector in the United Kingdom is dominated by
universities, with 80 percent of research expenditures conducted by
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universities compared to a 20 percent share for public research institutes.
Policies and practices for knowledge transfer in the United Kingdom
have tracked academic research on how knowledge transfer occurs. Up
until the early 2000s, practices followed the mode 1 model of a linear flow
of knowledge from public research organizations to firms, with an
emphasis on IP-mediated licensing. Currently, knowledge transfer is
viewed as part of a “complex ecosystem of innovation characterized by
collaboration and knowledge exchange amongmany actors” (Chapter 4).
The importance of flexibility in negotiations between firms and univer-
sities is also recognized, with flexible policies on IP licensing, including
the amount received by the inventor.

Policy for universities recognizes four types of knowledge transfer
activities: commercialization (patenting, licensing, consulting, spinoffs),
problem solving (collaborative research, contractual research, access to
university facilities), people-based (conferences, invited lectures, enter-
prise education, etc.) and community-based (social enterprises,
museums, public exhibits, open lectures, etc.). With the possible excep-
tion of community-based activities, all are relevant to the economic
activities of firms. Universities vary in the depth of their activities in
each of the four knowledge transfer activities, with teaching and regional
universities more active in people-based and community-based activities
and research-intensive universities more active in commercialization.
This partly explains the high concentration of IP licensing. In
fiscal year 2014–15, twenty-five universities produced 80 percent of
university patent applications and twenty-seven universities earned
80 percent of contract income. In the late 2000s, IP income was approxi-
mately 3–4 percent of total income from all knowledge transfer activities.

KTO experience and learning over time has improved efficiency, with
a decline in the number of patent applications since the mid-2000s to
patents with a higher commercial potential. The quality of spinoffs has
also improved, with an increase in the share that survive for three ormore
years. Demand-side policies include R&D tax credits, Smart Programme
grants to firms, the Small Business Research Initiative (SBRI) and support
for venture capital.

10.4.6 Germany (Chapter 5)

Germany has a well-developed knowledge transfer system with clear
delineations between public research institutes that specialize in basic
research and public research institutes and universities of applied
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sciences that specialize in applied research of commercial interest to
firms. Surveys of researchers from institutes that conduct applied
research show that they give a high level of importance to knowledge
transfer activities.

The German case emphasizes how knowledge transfer can form
a functioning innovation system that can be difficult to change, due to
the many actors and networks involved. Ownership of IP was changed in
2002 from the inventor to the inventor’s institution to emulate the U.S.
Bayh-Dole model. The switch was expected to increase the number of
startups and patent applications by academics. Instead, up to 2008 the
change in policy reduced the number of patents by university academics
by 17 percent and had no effect on the number of startups (Czarnitzki
and Licht 2017). These poor outcomes could be temporary effects that
may dissipate after sufficient time to adjust to the new model.1

10.5 Conclusions

Over time, the conceptual model behind policies to support knowledge
transfer has shifted from a mode 1 linear pipeline model to a mode 3
model that involves multiple actors in an innovation system, including
different types of public research organization, knowledge intermediaries
such as knowledge transfer offices, and private businesses. The mode 3
model recognizes the role of both supply-side activities on the part of
public research and demand-side activities on the part of firms.
A knowledge capability gap between public research and firms is required
for public research results to be useful to firms, but too much of a gap will
prevent firms from being able to acquire public research results, closing
off demand. Current best practice recognizes that all actors in the system
must have sufficient capabilities and incentives to participate in know-
ledge transfer activities including consulting, contractual research, col-
laborative research, and IP licensing.

Research finds that activities that create demand for knowledge produced
by public research organizations, including both informal contacts and the
participation of firms in contractual relationships with public research
organizations, increases the probability of knowledge transfer and IP licens-
ing. In addition, IP licensing can occur without any previous linkages

1 The inventor–owner model produced more spinoffs at Cambridge University, with
a decline noted in spinoffs after Cambridge switched to university ownership of IP in
2005 (Chapter 4).
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between public research and firms. Nevertheless, knowledge transfer sys-
tems can benefit considerably from incorporating demand pull, for instance,
by building close relationships between firms and research institutes to
ensure that the needs of firms are included in applied research.

Best practice for public research organizations includes providing
sufficient financial incentives and time for researchers to participate in
knowledge transfer and to include knowledge transfer activities in career
evaluations. Successful knowledge transfer can require researchers to
expend considerable time on the process, from developing a patent
application to working with firms or spinoffs to ensure follow-on devel-
opment of an invention. KTOs need adequate financing to ensure that
they develop sufficient expertise, the ability to hire and retain staff with
a variety of necessary skills, incentives for successful transfer, and free-
dom to pursue a range of knowledge transfer activities, in addition to IP
licensing. Firms must have the absorptive capacity to adapt and use
knowledge and inventions to create product and process innovations.
Best practice includes policy support for R&D and other innovation-
related activities and incentives for firms to work closely with public
sector researchers for problem solving and commercialization.

A significant barrier to knowledge transfer in middle-income coun-
tries is the knowledge gap between the public research sector and firms.
Overcoming this gap can require public research organizations to take
inventions to the prototype stage or for public sector researchers to work
closely with firms to assist follow-on development.

IP licensing is a minor but not unimportant part of knowledge exchange
between public research and firms that facilitates knowledge transfer by
protecting investments in follow-on research from imitation. It can also
provide an additional funding stream for public research organizations,
although this is likely to be a small share of total research expenditures.
Best practice for IP licensing includes flexibility in drawing up IP contracts,
negotiating skills on the part of KTO staff, and outreach activities to identify
potential licensees. However, in many contexts, successful IP licensing is
dependent on other good practices that support demand pull and research
outputs that are relevant to the needs of firms.
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