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1. Abstract

This report reviews the existing literature on university-industry technology transfer. It focuses on the
role played by technology transfer offices (TTOs) in generating and commercialising intellectual
property (IP) in the UK. We describe the large range of technology transfer mechanisms employed by
universities and TTOs and offer a typology of the different organisational forms used to transfer
knowledge from the university to private firms. In addition, we review the theoretical and empirical
literature on the relative effectiveness and efficiency of TTOs. The report also lists a number of
suggestions for further research.
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2. Executive Summary

Universities play a crucial role in the generation of inventions, some of which are path-breaking
discoveries that eventually have a fundamental impact on the economy and society. Public funding is at
the heart of the university system. This motivates the primary role of universities and academic
researchers in disseminating knowledge while not primarily seeking individual monetary profit.

The way in which universities disseminate knowledge has changed dramatically over the past few
decades. Universities have explored a large number of new channels to transfer and market their
knowledge, including mechanisms involving proprietary knowledge in form of intellectual property (IP).
At the centre of universities’ increased efforts to commercialise their knowledge, in particular IP, are
Technology Transfer Offices (TTOs). While TTOs are relatively new, there is a substantial body of
theoretical and empirical research seeking to understand their complex role in mediating between
universities and the private sector. Despite the rise in research on TTOs, the literature is only beginning
to understand the underlying economic mechanisms. This report offers a review of this literature with a
view to understanding the role of TTOs in the generation of inventions, their disclosure, the decision to
exploit their commercial potential through IPRs, and in successfully marketing them. We pay particular
attention to existing work on the UK in this area.

We find that TTOs are useful in encouraging academics to disclose their inventions and promoting the
commercialisation of the resulting IP. The main role of TTOs in the successful commercialisation of
university inventions is mediating between the different parties involved in the process. They are
central in reducing the inherent uncertainty in inventions that originate from university research and in
overcoming the intrinsic asymmetric information between academic inventors and potential industry

clients.

Our review starts with 2006 and 2007 survey data provided by HEFCE and UNICO. This shows that,
despite the prevalence of TTOs, the share of universities always requiring their academics to disclose
inventions is surprisingly low. This said, over 80 percent of universities have specific rewards in place
for the generation of IP. The data also shows that, on average, the number of patents filed amounts to
approximately half the number of inventions disclosed. The data also reveals that nearly 20 percent of
universities do not have either an in-house capability or external agency to license IP. Importantly, the
share of universities using the services of external agents is increasing, implying that some universities
switch from an in-house to an external model. Looking at licensing, SMEs obtain more licenses from
universities than larger companies, although licensing income is generated mainly by large firms. To
promote spin-outs, universities mostly rely on incubators, training and business advice, as they are less
costly than science parks. TTOs have grown considerably in terms of employees over time, confirming
the overall trend of intensified efforts by universities to market their inventions. Also the number of
inventions disclosed has increased considerably.

We describe ten channels through which universities transfer knowledge. We divide these channels into
formal and informal mechanisms. The informal mechanisms include social and professional networks,
public university lectures and workshops (including continuous education), consulting, commissioned
research by firms, academic-scientist exchanges and recruitment of university graduates by firms.
Such mechanisms are likely to transfer mostly tacit knowledge often without record. More advanced
and codifiable knowledge is likely to be formalised into an IPR and transferred through formal
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mechanisms such as patents and other IPRs, licensing and royalty agreements, formation of spin-outs

and related to this, university incubators and science parks.

Universities use these formal mechanisms in different ways to effectively commercialise university
inventions. In our typology, we distinguish between the ~Cambridge’ Inventor-Ownership Model, the
In-house Model, the Stand-alone Company Model, and the Hybrid Model. Prior to 2005, Cambridge
relied on the entrepreneurship of academics themselves. Individual academics owned their IP and this
allowed any entrepreneurial academics to start their own businesses directly. The advantage of this
model is that it gives maximal incentives to the academics and also removes any influence of the
university. Its drawbacks are a lack of coordination and reduced incentives for universities to support
academics in their entrepreneurial efforts. At the other end of the extreme is the In-house model where
the university manages the entire technology transfer process through an internal organisation. In the
Stand-alone Company Model, the university establishes a dedicated, and independent, limited company
whose objective is to act as a conduit between university research and business. This may increase
incentives for the TTO to engage in successful commercialisation as its performance is more visible and
will most likely determine its status within the university. In the Hybrid Model, the university signs a
long-term partnership agreement that grants a private company a share in the university’s IPRs (and
income generated from their commercialisation) in exchange for advice, funding and technology
transfer management expertise. While this model is very recent, it has already produced some success
stories in the UK. The typology is useful in understanding how technology transfer operates. However,
in reality, universities may use multiple models and the emphasis on each may change over time.

The literature review on the efficiency of TTOs focuses on two key areas: the identification of inventions
and generation of IPRs, and the success in commercialising university IP. While in reality TTOs employ
a wide range of technology transfer activities, most of the existing empirical studies focus on only one
specific activity, such as licensing or disclosure rates. This makes it difficult to provide a clear
conclusion with regard to the efficiency of the different models presented in our typology. Nevertheless,
the empirical studies build a body of knowledge that is vital to understanding the efficiency of TTOs.

A concern surrounding TTOs is that they may generate too much focus on commercially valuable
applied research and hence neglect basic research. Empirical analysis suggests that there is no
particular reason for concern. The relatively recent importance attached to TTOs, university-business
links and IPRs appears unlikely to be detrimental to basic research.

Empirical analysis in the US suggests that, despite comprehensive and clear regulations in place, a
substantial share of inventions is not disclosed to TTOs (and patent protection is obtained in the name
of academic inventors). While TTOs employ different remuneration schemes, the reality is that
academics often choose to by-pass the technology transfer scheme in place and opt for the
decentralised ~Cambridge’ Inventor-Ownership Model. When it comes to the decision about whether to
take out formal IP, TTOs should have an advantage due to their specialist expertise and
institutionalised experience. Hence a centralised organisation is at an advantage over a decentralised
model (where individual researchers have to take these critical decisions based on their own limited
information).

While there is evidence that IP strategies contribute to successful commercialisation, there is also some
concern that overly aggressive attempts by universities in pursuing IP can have detrimental effects on
university-industry collaboration. However, empirical support on these issues is lacking.
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The reputation of a TTO appears to be critical in its success. Empirical studies use the age and
experience of TTOs to proxy for reputation. This leads to suggestions that smaller universities could
pool inventions into a common TTO, or bring in external partners that can help with establishing a
reputation. More centralised models of technology transfer, i.e., the In-House Model, the Stand-alone
Model and the Hybrid Model offer a substantial advantage over the ~Cambridge’ Inventor-Ownership
Model in particular for younger academics (since they cannot rely on their own reputations to market
their inventions).

The literature also suggests that the distribution of licensing income is highly skewed, i.e., most
licenses generate only very moderate returns while a few licenses may generate millions in royalty
payments. The literature suggests that TTOs can have a positive effect on the value of licenses
although this may mean a lower number of licenses than the number of IPRs would suggest.

The skewed outcome distribution also applies to academic spin-out companies. With regard to spin-
outs, TTOs are found to have a positive role in mediating between academic inventors and funding
providers. The use of incubators and science parks by TTOs to support spin-outs appears to be
effective, although there is some evidence questioning the long-term effect of incubators on a
company’s chances of success in the market. Moreover, there is no comparative empirical assessment
of the relative merits of incubators and science parks.

The report also provides an overview of what is known from international comparisons of TTO efficiency
and effectiveness. From this literature review, the US appears to be better staffed, professionalised and
highly specialised in executing technology transfer. Nevertheless, there is also evidence that once the
relatively larger employment of resources is factored into the comparison, the US advantage over
Europe vanishes. Yet, the essence from this review is that the US appears to be leading the field in
organising efficient and effective university-industry technology transfer. The one area in which the UK
appears to have a lead is the Hybrid Model.

We conclude by pointing out a number of questions for further research in order to provide a more
comprehensive understanding of the complex issues at work with a particular focus on the UK.
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2.1  Aim and Objectives

The aim of this paper is to review the literature on technology transfer from universities with a specific
focus on technology transfer offices (TTOs). The paper also focuses on the UK situation and includes a
review of UK TTO organisational structures and activities. The literature reviewed covers a wide range
of methodologies, issues and countries, although particular attention is paid to empirical analysis of the
effectiveness and efficiency of technology transfer and TTOs and, within this, on commercialisation of
IP based on university inventions.

The objective of the paper is to provide a summary of what is known about these issues together with
a statement of the gaps in our understanding. Given this objective, the paper focuses on reviewing the
most recent literature.

2.2 Methodology

The methodology adopted is desk-based research. Databases searched include academic journal
databases, government and other agencies reports, news and internet sites, and gathering data from
the Higher Education-Business and Community Interaction Survey (HE-BCI) conducted by HEFCE, the
UK University Commercialisation Survey and the Salary and Incentives Survey by UNICO as well as
other sources.
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3 Introduction

The national innovation system essentially consists of three sectors: industry, universities, and
the government, with each sector interacting with the others, while at the same time playing its
own role. (Goto, 2000: p. 104)

Interest in the driving forces of innovation has increased in recent years and, as the above quote
makes clear, universities have a vital role in this process. It is also clear that government support and
guidance for universities is a critical aspect. Technology transfer from universities through various
channels is at the nexus of these issues and the role of TTOs is a critical part of technology transfer.
For these reasons alone a paper reviewing the effectiveness of TTOs is important. In addition, TTO
activity has grown from a very small base 20 years ago to a situation today where all research active
universities have TTOs. Such a rapid growth in activity naturally generates a series of questions about
the operation and organisation of TTOs and, ultimately, their effectiveness. In particular, recent years
have seen the emergence of a new business sector which lead universities to outsource to private
companies activities originally entrusted to TTOs. The UK appears to be a front-runner in this
development, which motivates a review of what is known in the literature about the character and
effectiveness of this new public-private partnership and its wider implications for diffusion of knowledge
generated by universities.

4 An overview of technology transfer and TTOs in the UK

This section provides an overview of technology transfer and TTOs. Section 4.1 considers some
summary statistics describing the nature of technology transfer in the UK. The data also describes
some of the mechanisms in place at UK universities to promote technology transfer, including TTOs. In
addition, the data allows us to look in detail at the performance measures and institutional
characteristics of TTOs in the UK. Section 4.2 considers the conceptual factors involved in technology
transfer. Section 4.3 considers the economic rationale for TTOs.

4.1 Evidence on technology transfer in UK

In this Section we provide some descriptive evidence on technology transfer at UK Higher Education
Institutions (HEIs) using mainly data from surveys undertaken by HEFCE and UNICO. HEFCE
undertakes an annual Higher Education-Business and Community Interaction survey (HE-BCI) in which
a large range of information on knowledge transfer from universities to the (business) community is
captured. We use data from the last two available surveys in 2006 and 2007. The HEFCE data is useful
to describe the technology transfer landscape in the UK, i.e., to describe the mechanisms and
institutions in place at UK universities. The rich information provided by HEFCE is complemented with
data from the UNICO UK University Commercialisation Survey. UNICO’s survey collates quantitative
information specifically on the commercialisation activities of innovations generated by UK universities.
We use the last available data for 2005. This data, therefore, is useful in measuring technology transfer
“performance’ by UK universities. In addition, UNICO’s Salary and Incentives survey 2007/08 provides
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valuable information on salaries paid and reward and incentives strategies in place for TTO staff. This
data is particularly useful in the discussion of what the right incentive scheme is within TTOs to achieve
successful technology transfer.® Note that we only have obtained access to the micro data by institution
for the HEFCE surveys but not for the UNICO data. This limits our ability in linking the three different
sets of information which prevents us from drawing a more encompassing picture. Also, while the
HEFCE survey covers the entire population of universities, all other survey data covers only sub-groups
of the population with partly largely varying coverage.

In order to transfer and commercialize knowledge, universities rely on academics disclosing their
inventions. Universities can have different policies in place with regard to the disclosure of inventions,
they can either require researchers to always report inventions or adopt a more lax stance. The HEFCE
BCI survey asks universities directly whether they require university employees to report the creation
of different types of intellectual property. The results for the 2006 and 2007 HEFCE surveys are shown
in Table 1.

Table 1: Disclosure requirements by type

Type Always Usually Never

2006 2007 2006 2007 2006 2007

Inventions 63% 65% 21% 21% 16% 14%
Computer software or databases 45% 45% 38% 38% 17% 17%
Literary or artistic works 20% 23% 32% 32% 48% 45%
Educational software and multimedia 44% 45% 40% 39% 16% 16%
Industrial designs 48% 49% 28% 27% 24% 24%
Trademarks 57% 59% 19% 20% 24% 21%
Integrated circuit topographies 32% 33% 20% 20% 48% 47%
New plant or animal varieties 40% 42% 15% 16% 45% 42%
Other 23% 26% 49% 45% 28% 29%

Source: HEFCE BCI

For inventions, most universities require disclosure which is explained by the fact that they are the type
of research outcome most likely to give rise to patent applications. Also other registered IP, trademarks
and industrial designs, have to be reported in half of the universities included in the survey.
Nevertheless, considering the crucial role of disclosures in the commercialisation process of inventions

(see also Figure 2), these numbers may appear low.

If inventors are expected to disclose their inventions, the next question is whether universities exert

ownership over patents generated from these inventions. Although universities can implement their

! Note that a direct comparison of the summary statistics across the three surveys is not
possible because the samples differ.

Isis Innovation Limited 9



own specific rules regarding IP, the most common practice is in line with private companies, i.e., IP is
usually owned directly by universities instead of researchers in direct relation to the Patent Act 1977
which stipulates that an invention made by an employee in the course of his or her normal duties shall
belong to his or her employer. The subsequent question is whether universities also file themselves for
patents or whether they outsource this. The HEFCE BCI survey suggests that universities mostly
outsource the filing of patents. Only slightly more than 20 percent of universities filed for patents in-
house in 2007.

Figure 1: Do universities file for patents in-house?

2006

Year

2007

T
0 20 40 60 80 100
percent

I HEifiles patents in-house [  HEI outsources filing on patents

HEI takes other IP protection action

Source: HEFCE BCI

Figure 2 looks at the relation between the average number of disclosures and patents filed by, or on
behalf of, the university. It shows that both the average number of patent filings and the average
number of disclosures have increased between 2006 and 2007. In 2007, on average, the number of
patent filings amounted to about half the number of disclosures.
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Figure 2: Average disclosures and patents filed
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Source: HEFCE BCI

If universities require staff to disclose their inventions and exert ownership over the resulting IP,
the question of the incentives in place for university researchers to come up with inventions arises.
The HEFCE BCI survey therefore asks universities whether staff is rewarded for the IP they
generate. Figure 3 shows that more than 80 percent of universities have some remuneration
scheme in place to reward researchers for their IP. This may to some extent mitigate the lack of
policies always requiring the disclosure of universities shown in Table 1.

Isis Innovation Limited
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Figure 3: Are researchers rewarded for their IP?
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[ Reward for IP No reward for IP

Source: HEFCE BCI

If universities hold ownership over IP generated by its staff, how do they commercialise it? This is
where TTOs come into play. The HEFCE BCI survey asks universities whether they have an in-house
capability to seek out licensing opportunities for its IP. Alternatively, universities may rely on external
institutions to licence university IP to the private sector. Hence, this question contains important
information with regard to the type of commercialisation model adopted by universities which will be
discussed in detail in Section 6. Figure 4 shows that about three quarters of universities have an in-
house capability. Nevertheless, the relatively large share of nearly 20 percent of universities that do
not have either an in-house capability or external agency is noticeable. Importantly, the share of
universities using the services of external agents is increasing, implying that some universities even
switch from an in-house capability to an external agent.
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Figure 4: Is IP licensed out through an in-house institution?

2006

Year
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None

Source: HEFCE BCI

Figure 5 shows the age distribution of these in-house departments (counted from 2009). The existence
of TTOs appears to be a rather recent phenomenon as the most frequent age is nine years, which
means that these TTOs were set up in 2000. At the same time, there are some universities that report
to have had some type of in-house institution to commercialize university knowledge in place for more

than 100 years.
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Figure 5: Age frequency distribution of in-house institutions established (2009)
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Source: HEFCE BCI

Figure 6 shows the total number of licenses granted by universities in 2006 and 2007. Interestingly,
the largest share of licenses is obtained by non-commercial organisations. Among commercial
companies, SMEs obtain a larger number of licenses from universities than larger companies. It is
important to keep in mind that Figure 6 only informs about the number of licenses and not the value of
the underlying IP or any strategic purpose of the acquiring firm. Nevertheless, the figure is in line with
the notion that university IP is often far from ready for commercialisation which makes it difficult
finding large established firms willing to license these technologies which will be discussed in more
detail in Section 5.
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Figure 6: Licence Numbers: Non-software licences granted
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Source: HEFCE BCI

In order to account for the underlying quality, Figure 7 plots the income generated from the IP
that is licensed to SMEs, large firms and non-commercial organisations. The figure makes clear
that most of the income is generated by licensing registered IP to large companies. This implies
that fewer, but more valuable, registered IP is licensed to larger companies. In turn, this may
imply that larger firms are either better at picking valuable university inventions or that they
are in a better position to turn an invention into a commercial success — or both.
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Figure 7: IP income by IP type and licensee
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Source: HEFCE BCI

Apart from licensing registered IP, universities can employ a range of other channels to transfer and
commercialise knowledge (see Section 5). Notably spin-outs are a direct way of capitalising on an
invention and the resulting IP. The HEFCE BCI survey asks universities whether they provide specific
support to spin-outs. The results are reported in Table 2. The table shows that incubators, training and
business advice are the most frequent ways of promoting spin-outs by universities. Since science parks
are the most expensive way of fostering spin-outs, it is hardly surprising that 60 percent of
respondents do not employ this tool to promote spin-outs.

Table 2: Support for spin-outs

Type of support HEI Partner Both None

2006 2007 2006 2007 2006 2007 2006 2007

On-campus incubators 47% 50% 8% 6% 11% 11% 34% 33%
Other incubators in the locality 9% 8% 41% 47% 10% 9% 40% 36%
Science park accommodation 8% 8% 22% 25% 10% 9% 60% 58%
Entrepreneurship training 51% 51% 4% 4% 31% 34% 14% 11%
Seed corn investment 22% 24% 24% 23% 29% 30% 25% 23%
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# University incubators

Venture capital 1% 1% 47% 46% 11% 14% 41% 39%

Business advice 27% 27% 6% 6% 58% 60% 9% 7%

Source: HEFCE BCI

Table 2 shows the popularity of incubators among universities to support spin-out companies. Figure 5
plots the age distribution of the 125 existing university incubators in the UK seen from 2009. It is
remarkable that 75 percent of incubators were established since 2000.

Figure 5: Age frequency distribution of university business incubators (2009)

154

10+

123456 7 8 9101112141518192022232426273940
Age

Source: Helmers (2009)

Another possibility to transfer knowledge is for university researchers to provide consultancies.
Universities can set up consultancy organisation for this purpose. HEFCE asks universities specifically
whether they have chosen to do so. Figure 9 shows that most universities employ an internal
department and only very few have set up a company to exploit this channel of knowledge transfer.
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Figure 9: Existence of commercialisation company to manage consultancy links and
other external interactions
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Source: HEFCE BCI

The UNICO UK University Commercialisation Survey provides additional data on universities
commercialisation activities. Table 3 shows a range of metrics that can be used to assess the success
of universities in commercialising knowledge through various channels. Note that the samples differ
between the HEFCE and UNICO surveys and hence the two are not directly comparable. Table 3 shows
that TTOs have grown considerably since 2001 with the number of full time equivalent employees
having grown from five in 2001 to eleven by 2005. Also the average number of invention disclosures
shows a similar trend increasing from 14 in 2001 to 34 in 2005. However, the average number of
patent filings has stagnated between this time period and even fallen in total numbers. License
agreements have not seen a corresponding drop probably because of a time lag in the effect of a
reduced number of new patents. The total number of new spin-off companies has also fallen in 2005
compared to 2003.

Table 3: Summary data on commercialisation

2005 2004 2003 2002 2001
Sum Mean Sum Mean Sum Mean Mean Mean

Full Time Equivalent 1,154 11 1,019 10 709 10 6 5

Employees

Invention disclosures 3,361 34 2,871 28 2,157 31 18 14

received

Priority patent 771 8 885 9 826 11 9 8

applications filed

Patents 646 7 569 6 669 10 3 3

granted — total
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Patents granted — UK 118 1 141 1 118 2
Patents granted — US 73 1 130 1 98 2
Licences, options and 1,416 14 1,406 14 596 8 5 4
assignments executed
Licence agreements 1,143 11 1,188 12 333 5
Executed
Option agreements - 1 100 1 101 >
Executed
Assignment Agreements 186 2 118 1 162 3
executed
Licences, options and
assignments yielding 1,478 16 2,148 21 775 11
income
Licence income received 45,275, 40,34 31,37
333 466,756 4,543 395,535 0.187 429,729 178,992 165,836
Spin-out companies set 125 1 229 > 151 > 1 5
up
Spin-out companies 111 1 118 1 140 2 1 2
shares held in
Existing spin-out
Companies shares held 857 9 850 8 683 9

in
Sample size 104
Source: UNICO UK University Commercialisation Survey 2005

The UNICO Salary and Incentives survey has the smallest coverage with an overall sample size of 63
universities but this may be even lower for certain questions.? The survey asked TTOs whether they set
specific annual performance targets at the individual, team and office level. About 80 percent TTOs
have overall targets in place and around 50 percent have also targets at the individual and team level.
In this survey, universities were asked whether they have a reward and incentive strategy in place for
staff involved in technology transfer. Out of 58 respondents, only 16 (28 percent) indicated that they
have such a strategy while 42 (72 percent) do not. The most frequently given justification for not
implementing a reward and incentive strategy is that university policies do not permit this. The second
most frequent justification related to concerns that a conflict of interest may emerge between the
university’s objectives and staff involved in technology transfer. The survey also contains specific
questions about the sources of funding for rewards and specific incentive schemes but the number of
responses is too low to consider responses to be representative. Licence income is used in about 60
percent of TTOs as a measure of individual performance which corresponds to a quality measure of
technology transfer rather than quantity. Other metrics capturing quantity, such as the number of
licence agreements, patents filed, start-ups established, are less frequently used to determine
employee rewards.

The survey contains a detailed summary of salaries and additional monetary benefits paid to
technology transfer staff. The survey created several salary bands ranging from £15,000 to £125,000
per annum. Table 4 shows a breakdown of salaries by position. The table shows considerable variation
in salaries paid for all types of position. Some of this variation is explained by the geographical location
of TTOs, i.e., TTOs in the London area pay higher salaries than TTOs North of London. Salaries for
directors of TTOs range from £35,000 up to £125,000 p.a. with the majority of respondents paying a
salary between £55,000 and £65,000. According to the survey, the highest salaries are paid to
directors located in Central London. Technology Transfer and Business Development Managers receive

2 Some caution should be exerted as there may be considerable sample-selection at play in the

answers received.
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very similar amounts, with the majority receiving an annual salary of £35,000-£45,000. The spread in
salaries is particularly large for Marketing Managers as it ranges from £15,000-£20,000 to £55,000-
£65,000.

Table 4: Summary data on remuneration of TTO staff

Salary .
. Director TT™M BDM IPM MM CMLA TTO

(£)/Position
100,000-125,000 5 (11%) 0] 0] 0] 0] 0] 0]
80,000-100,000 8 (17%) 0] 0] 0] 0] 0] 0]
70,000-80,000 8 (17%) 0] 0] 0] 0] 0] 0]
65,000-70,000 8 (17%) 1 (3%) 1 (2%) 0 1 (4%) 0 1 (4%)
55,000-65,000 12 0 0 0 0 0

(26%) 6 (16%) 1 (2%) 2 (7%) 1 (4%) 1 (4%) 0
45,000-55,000 5(11%) 8 (22%) 12 (27%) 7 (25%) 2(7%) 8 (31%) 1 (4%)
35,000-45,000 19

1 (2%) 23 (52%) 13 (46%) 16 (59%) 6 (22%)

(51%) (46%)

30,000-35,000 0 2(5%) 5 (11%) 4 (14%) 2 (7%) 5 (19%) 11 (41%)
25,000-30,000 0] 1 (3%) 2 (5%) 2 (7%) 4 (15%) 0] 5 (19%)
20,000-25,000 0] 0] 0] 0] 0] 0] 3 (11%)
15,000-20,000 0] 0] 0] 0] 1 (4%) 0] 0]
Respondents 47 37 44 28 27 26 27

Notes: TTM: Technology Transfer Manager
BDM: Business Development Manager
IPM: Patent/IP Manage
MM: Marketing Manager
CMLA: Contract Manager/Legal advisor
TTO: Technology Transfer Officer

Source: UNICO Salary and Incentives survey

Table 5 looks at the educational background and work experience in technology transfer of the staff
according to their position. The figures in Table 5 should be interpreted with caution because of the
partly very small sample sizes which make it hard to generalise the patterns founds. Nevertheless, the
large number of staff holding a doctorate degree is striking. Among directors, technology transfer
managers, business development managers and IP managers between 36 percent and 48 percent hold
doctorates. Only for technology transfer officers, the share of staff holding only a bachelor degree is
larger than the combined share of staff holding masters and doctorates. The table also shows the years
of experience accumulated in the field of technology transfer. Directors have clearly accumulated the
largest amount of experience in the field. Technology Transfer Managers differ considerably in their
experience ranging from 1-3 years up to 19-21 years. Clearly, staff employed as technology transfer
officers have much less experience and are probably younger which explains the large share of officers
holding only a bachelor degree.
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Table 5: Summary data on background of TTO staff

Position Director TT™M BDM IPM MM CMLA TTO
Academic Degree

Bachelors 7 (19%) 5 (19%) 9 (36%) 7 (41%) 5 (31%) 6 (46%) 9 (75%)
Masters ) A1 , 9(33%) 6(24%) 2(12%) 8 (50%) 3(23%) 2 (17%)
Doctorate 14 13

(38%) g%y 9 (38%)  B(A7%)  2(13%) 4(31%) 1(8%)

None 1 (35) 0 1 (4%) 0 1 (6%) 0 0
Respondents 37 27 25 17 16 13 12
Years in TT
26-33 1 (3%) 0] 0] 0] 0] 0] 0]
22-25 2 (6%) 0] 0] 1 (6%) 0] 0] 0]
19-21 1(3%) 1 (4%) 1 (4%) 1 (6%) 0 0 0
16-18 1 (3%) 1 (4%) 0] 0] 0] 0] 0]
12-15 3 (9%) 2 (8%) 1 (4%) 1 (6%) 0 2 (17%) 0
8-11 ) ot , T@%)  2(9%)  5(28%) 1% 2@17%) 0
4-7 (S:le-.:fl;/o ,  9(36%) 12(52%) 10(S6%) 7 (47%) 5(42%) 3 (25%)
1-3 2 (6%) 5 (20%) 6 (26%) 0] 6 (40%) 3 (25%) 9 (75%)
<1 0 0 1 (4%) 0 1 (7%) 0 0
Respondents 36 25 44 18 15 12 12
Notes: TTM: Technology Transfer Manager Source: UNICO Salary and Incentives survey

BDM: Business Development Manager
IPM: Patent/IP Manager

MM: Marketing Manager

CMLA: Contract Manager/Legal advisor
TTO: Technology Transfer Officer

The data so far has looked at technology transfer from an institutional perspective, i.e., from the
university's and TTO's point of view. Bruneel et al. (2009) provide data on the industry's view of
technology transfer which these authors collected through a survey among firms collaborating with
universities through grants received from the Engineering and Physical Sciences Research Council
(EPSRC). The EPSRC is UK’s largest research council and focuses on engineering and physical sciences.
Since these research areas can be expected to lead to highly patentable research outcomes, this survey
provides an interesting window to the private's sector perception of university-industry knowledge
transfer. At the same time, it is clear that the data obtained from this survey is most likely not
representative of the population of firms collaborating with research universities. The survey was
undertaken in 2007 and 2008. Bruneel et al. (2009) contacted the entire population of firms that
collaborated with universities through an EPSRC collaborative research grant since 1999, although the
response rate is with slightly less than 19 percent moderate.® The largest share of respondent firms
belongs to the business services sector (37%) and nearly two-thirds of respondents are SMEs.
Importantly, Bruneel et al. follow up on an earlier survey conducted by SPRU in 2004, which allows

them to also look at comparisons over time. The survey addresses a range of issues including the

3 The low response rate suggests some caution in the interpretation of the results. However,
it remains unclear how important the possible selection bias is since the authors do not
report any non-response analysis.
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frequency of university-industry interaction, factors influencing the decision to engage in collaborative
research, and the type of knowledge transferred. Table 6 reproduces the results of Table 3 in Bruneel
et al. (2009) regarding to the frequency of university-industry interaction. The most important result of
Table 6 is that informal knowledge transfer in form of conferences represents the most frequent way of
university-industry interaction. Another interesting finding is the increase in the importance of the joint
creation of physical facilities, a finding possibly partly reflecting the recent sharp increase in the

establishment of university incubators described above.

Table 6: Degree of engagement across different types of interaction with universities,

2004 and 2008

) ) 2004 2008
Types of interaction
at least once (%) at least once (%)

Attendance at conferences 88.8 90.0
Recruitment of graduates 66.6 72.2
Joint research 66.5 65.7
Student placements 58.4 61.9
Contract research 45.6 48.3
Training of company employees 49.2 44.4
Consultancy 42 41.5
Postgraduate training 43.6 40.8
Creation of physical facilities 15.5 34.2

Source: Bruneel et al. (2009)

The survey also asked firms specifically about the benefits from university-industry collaboration and
the barriers to successful collaboration. Table 7 lists both benefits and barriers. The most important
perceived benefits are the creation of long-term links with universities and the identification and
recruitment of employees. This underlines the importance of university graduates in university-industry
knowledge transfer also indicated in Table 6. At the same time, commercial motivations, such as IP or
the speeding up of R&D projects are far less important in the perception of firms. The most important
barriers to university-industry collaboration relate to different research orientations. Firms perceive
universities to be long-term oriented while firms are more interested in short-run benefits. However,
this must not be confounded with universities being more oriented towards fundamental research, as
firms do not perceive this feature as a significant barrier to collaboration. Interestingly, also potential
disputes over IP and unrealistic expectations of TTOs with regard to the market potential are perceived
as significant barriers. This is confirmed by the fact that firms do not perceive low profile TTOs as a
barrier. Firms appear to be able to find appropriate partners within universities themselves, which
implies that they have some interest in circumventing TTOs to avoid disputes over the market value of
university inventions and the resulting IP.
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Table 7: Degree of engagement across different types of interaction with universities,

2004 and 2008

2004 2008

Benefits % responding % responding
‘very important’ ‘very important’
or ‘crucial’ or ‘crucial’

Creation of long term links 66.9 52.8
Identification and recruitment of employees 24.8 33.9
Improved understanding of foundations 40.3 26.7
Assistance in problem solving 36.6 24.1
Sources of information for new projects 27.6 23.6
Reducing time for completion of R&D projects 16.2 17.9
Generation of new equipment 19.2 16.8
Generation of intellectual property 9.0 16.0
Generation of procedures or techniques 20.9 16.0
Contribution to successful market introduction 20.6 12.5
Cost reduction in product/process development 10.8 9.3

2004 2008
Drawbacks % responding % responding

‘agree’ or ‘agree’ or
‘strongly agree’ ‘strongly agree’

Long term orientation of university research 31.1 65.4
Lack of suitable government programmes to
support university-industry interactions 51.9 61.4
Potential conflicts with regards to IPR 32.4 55.6
Rules and regulations imposed by University or 42 4 52 9
Government
Unrealistic expectations from TTOs 24.0 49.3
U.nlversllty .researchers seeking immediate 22 3 398
dissemination
Lack of information about what university does 27.8 37.4
Difficulty in finding the appropriate partner 19.9 33.5
University oriented towards pure science 22.3 33.4
Mutual lack of understanding about expectations 25.7 33.0
Absence or low profile of TTOs 16.7 28.7

Source: Bruneel et al. (2009)

4.2 Overview of the success of technology transfer

The success of technology transfer — or, more generally, knowledge transfer — can be thought of as
determined by the two fundamental factors of demand and supply. The ‘demand side’ concerns the
activities and strategies of private firms. These firms will develop innovation strategies that focus on
specific areas. In basic terms we can think of these as frontier strategies or follower strategies. Frontier
strategies involve basic research, working with universities, patenting, as well as development and
marketing. In contrast, follower strategies require less basic research and less interaction with
universities. The development part of R&D may be substantial, but the need for substantial and long
lived contact with universities is likely to be low, although using universities for consultancy or short
term contacts may certainly be present. Hence, in an economy where the dominant strategy is follower
innovation, the nature and extent of technology will be channelled into specific types.
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The other side of the equation is the ‘supply side’, which can be defined as the structure and incentives
present in university research. The nexus of the research funding model, the management of
universities and faculties, the employment contracts for scientists and the culture of entrepreneurship

and enterprise will all interact to generate a ‘supply’ of technology.

While it is simplistic to think of technology transfer as a market with a single good, it is important at
the outset to realise there are two sides to the transfer. It also helps to understand the basic rationale
for IP, since it acts to establish property rights so that, in theory, the market can function more
efficiently. Lastly, it highlights the basic rationale of TTOs, which is to act as a middle man between the
university and firms as, in practice, academics may not fully understand what it is that they ‘supply’

and firms may be uncertain of how and where to get what they ‘demand’.

The latter issue leads us to recognise that there is, in fact, not a single ‘good’ being supplied and
demanded. University research can be thought of as generating knowledge. Some of this knowledge
will give rise to potential inventions (i.e. a body of knowledge that might generate a new product which
can be produced, or a new process that improves existing production techniques). In the ‘open science’
model of university research the academics would publish full details of their research, including any
potential inventions, and make this freely available to their peers and also any commercial firms.
Commercial firms would be free to convert this research into products and processes that generate
profits and ultimately benefit society (called ‘innovations’). While this model might appear to encourage
wide diffusion of knowledge and subsequent innovation, there are a number of possible shortcomings.

First, even though the basic research may indicate potentially valuable innovations, firms need to make
investments to create the innovation. To make such investments firms need the incentive of making
future profits, however, the lack of IPRs on the knowledge can reduce or remove this incentive. This is
because as soon as the innovation hits the market other firms can freely imitate the product. Note that
the publication of the research may have removed any possibility of the firm filing for patent
protection, hence the ‘open science’ model undercuts IPRs.

Second, the ‘open science’ model is driven by academics interest in publishing and, behind this, a
‘curiosity driven’ approach to research where rewards emerge mostly from peer recognition and the
attitude towards monetary rewards is ambivalent. This can be a powerful motivator and one that has
led to many world-changing breakthroughs. Nevertheless, there is some concern that ‘open science’
can generate too much research that is unrelated to real world problems or too obscure for firms to
understand its potential benefits.

The debate about the effectiveness of university research, where ‘effectiveness’ means the impact on
the wider economy, was partly the issue behind the Bayh-Dole Act in the US in 1980. This act made it
clear that universities were entitled to own the IPRs that their research could generate. Prior to 1980
the US federal government tended to hold patents on federally funded research and had acquired a
large patent portfolio that was little used. Allowing universities to exploit IPRs gave an incentive to the
universities to re-focus their research strategy on potential innovations (and the potential licensing fees
or other monetary payoffs). Moreover, once IPRs were held it gave firms more security to invest in
potential inventions. There has been a lively debate about the causal link between the Bayh-Dole act
and an observed rise in knowledge transfer in the US (Cohen et al., 1998; Mowery et al., 2001;
Mowery and Ziedonis, 2002). Nevertheless, since 1980, many other countries have followed the US
lead in allowing (and encouraging) universities to own IPRs on their research. For example, in 1987 the
UK government allowed universities to own IPRs derived from government funded research projects
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(Richards, 2009). More recently, in 2002, Germany abolished a privilege which excluded university
researchers from a law that obliges employees to disclose job-related inventions and transfers the
corresponding property rights to employers (Buenstorf et al., 2009). As noted by Buenstorf et al.
(2009), the underlying motivation for the abolishment of the privilege was the idea that TTOs would be
better suited to pursue commercialisation of university research than individual researchers.

The movement away from the ‘open science’ model in the 1980s and 1990s is not without its critics
(see, for example, David, 2005), but nowadays many would argue that most research intensive
universities follow the ‘licensing’ or ‘innovation’ models. These models create the rationale for TTOs
discussed in the following section. The report of an EU expert panel in 2004 — entitled The management
of IP in publicly-funded research organizations: towards European guidelines — stressed the prominence
of the ‘innovation’ model. In their definition the innovation model is “a more active policy of
collaborative research with industry, in particular through EC Framework Programmes, and by a pro-
active involvement in the creation of spinout companies” (EU, 2004: p.vii). It is the movement towards
these models that reinforces the rationale for TTOs.

4.3 The rationale for TTOs

University inventions that are turned into IP and subsequently licensed attain commercial applicability
and thus commercial value. This potentially generates benefits for private firms, universities and thus
for society as a whole. Licensed university inventions can make a crucial contribution to the birth of
new firms and growth of existing firms. Universities can benefit from increased income through
licensing and other forms of knowledge transfer, such as spin-off companies. It may also create job
opportunities for university graduates and generate local and regional spillovers boosting employment

and innovativeness.

Siegel, Veugelers and Wright (2007: 641) argue that “TTOs serve as an intermediary between suppliers
of innovations (university scientists) and those who can potentially (help to) commercialize them, i.e.
firms, entrepreneurs, and venture capitalists”. The relevant question is why is there a role for a TTO to

organise technology transfer between universities and the private sector?

To clarify the issues at work, we briefly describe the typical trajectory of an academic invention within
the technology transfer system in place in the UK. An academic researcher makes an invention which
she is obliged to disclose to the TTO at her institution according to the policies in place at her
university. The TTO appraises the invention with regard to its commercial potential and decides
whether to attempt its commercialisation. One important aspect to proceed with commercialisation is
the filing of a patent application for the invention. As stressed by Siegel et al. (2003), academics often
do not readily disclose their inventions which makes it necessary to put in place an appropriate
incentive scheme. Moreover, TTOs have to decide on the commercial viability of an invention when the
invention is usually still at a very early stage of its development and before any private firm has
expressed its interest. Once the patent has been filed, the TTO will seek potential licensees. If the
search results in finding either an established firm, or an entrepreneur willing to start up a company
based on the invention, the TTO engages in licensing negotiations. At the end of these negotiations
stands the signing of a (non-)exclusive licensing agreement. However, the development of a
commercially viable product usually requires the participation of the original academic inventor also
beyond the conclusion of the license agreement, which implies further involvement of the TTO. As can
easily be seen, the process of commercialising university inventions involves a large number of
different actors, with different objectives and characterised by diversity in their organisational culture,
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all in an environment of considerable uncertainty. It is the role of TTOs to deal with these difficulties
and to achieve successful commercialisation of university inventions. Given this overview we can now
move to a more detailed analysis of the various issues.

Siegel et al. (2007) argue that there are three broad arguments supporting the existence of TTOs in
mediating technology transfer.

(1) Disclosure of inventions and IP ownership

The Bayh-Dole Act in the US gives universities ownership over IP resulting from federal research
funding and it also requires academics to disclose their inventions to the university or TTO. In the UK,
in line with the Patent Act of 1977, IP is also overwhelmingly owned by universities and academics are
generally obliged to disclose their inventions to the university (see Table 1). TTOs, therefore can collect
invention disclosures across the entire university and decide whether to transform inventions into IP
based on its evaluation of the invention’s potential commercial value. This sets clear rules applicable for
all university staff and gives the TTO oversight over inventions across a university’s entire research
spectrum. At the same time, it places the burden of eliciting researchers to disclose invention with
TTOs. Despite the basic obligation to disclose inventions, there is evidence that disclosure rates vary
across universities and academic departments. Hence, a key role for TTOs is in achieving an optimal
disclosure rate via an appropriate incentive structure, monitoring and networking activities. The TTO
must then decide which disclosures to seek to protect using IPR. The evidence base surrounding these
issues is discussed in Section 8.

(2) Commercialising university IP

Once a TTO has decided to file for a patent, it seeks to commercialise the IPR through diverse channels
(see Section 5). TTOs should have a comparative advantage over individual scientists in doing this
given their specialisation, experience and contacts. However, Jensen and Thursby (2001) show that a
critical element in successfully commercialising IP is the participation of the original inventor. To
achieve participation of the academic inventor the contract and license fee have to be carefully
designed. There are a number of options including whether a fee is levied upfront and the form of
running royalty payments. When commercialisation is done through spin-outs, again there are
important decisions about allocation of shares between universities, researchers and external investors.
Macho-Stadler et al. (2008) show that an optimal contract involves allocating financial shares of spin-
outs to academic inventors, as well as allowing researchers to own part of the IP on which the venture
is based.

(3) Information asymmetry and uncertainty

There is likely to be asymmetric information between university researchers and private firms with
respect to university inventions. On the one hand, firms may find it difficult to assess the quality and
novelty of the invention made, on the other, academics may fail to correctly predict the commercial
value of their inventions.* Macho-Stadler et al. (2007) develop a dynamic theoretical model in which
TTOs have a role in bridging informational asymmetries between private firms and universities on the

quality of inventions. TTOs achieve this role by building a reputation. This may lead TTOs to attempt to

4 One may also interpret this situation as one characterised by a total lack of information
rather than asymmetric information. This view could have important implications for the
rationale for the existence of TTOs, but has not been addressed so far in the literature.
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commercialise less inventions than are actually made within the universities to positively influence
firms’ beliefs about the quality of inventions sold. This may lead to a lower number of licensing
agreements but higher income from the agreements made. Macho-Stadler et al. (2007) also argue that
size of universities and TTOs matters. They show that very small universities do not gain from pooling
their inventions in a TTO. At the same time, this may also be true for very large research departments
as they are able to overcome the problem on their own. Hoppe and Ozdenoren (2005) show
theoretically that organisations such as TTOs can help firms reduce uncertainty with regard to the
future potential of inventions. TTOs, which require an initial sunk investment to build specific expertise,
are able to discern promising from less promising inventions and to also assess the quality of potential
licensees. This helps to overcome the information asymmetry. Notably, the fixed set-up costs of TTOs
can be recovered if the invention pool is large enough as this allows for economies of scope.
Nevertheless, the model also shows that there is considerable scope for inefficiencies in
commercialisation due to intermediation. Regarding the optimal contract in case of spin-outs under
asymmetric information, Macho-Stadler et al. (2008) find that TTOs may have to signal the positive
expectations about a spin-off’'s future success by not only owning IP but also taking financial stakes in
the start-up (whereas without asymmetric information TTOs would only own the IP). Lerner (2005) also
argues that in the context of university spin-outs, TTOs have a crucial role in overcoming problems
emerging from the specific nature of university start-ups by offering formal and informal
entrepreneurial education to academic inventors and by playing an ~honest broker’ (Lerner, 2005: 54)

between academic entrepreneurs and outside investors.

5 The channels of technology transfer

The next stage of our review of the effectiveness of TTOs needs to take a broad view of technology
transfer. Without this there is a danger of focusing too much on specific TTO activities. As is well
known, the UK government has strongly emphasised the need for improving the quantity and
effectiveness of university-business technology transfer in recent years. The White Paper Our
Competitive Future in 1998 (DTI, 1998) stressed the need for business to develop knowledge-based
competition and the role of universities in this. A University Challenge Seed Fund was launched in 1998
and aimed to bring new technology to the market, especially via spin-out companies. The Higher
Education Innovation Fund (HEIF) directly funds universities to increase their interaction with business.
HEIF 4 allocates up to £150 million per year over 2008 — 2011 (Abreu, 2008). The UK’s Research
Councils are also increasingly focused on the economic impact of their research and have introduced

various changes including academic-business exchange schemes (Warry, 2006).

Technology transfer ultimately occurs via the exchange of knowledge between university academics
and firms in the wider economy where TTOs assume the role of an intermediary. The precise
mechanisms for an exchange can be numerous and, importantly, it is likely that a series of
mechanisms will be at work, either sequentially or simultaneously. Traditionally, the focus in knowledge
transfer has been licensing of patents generated by university research and held either by academics or
universities. However, the focus on licensing of patents reduces the complex process of transferring
knowledge from universities to the private sector to a single, narrow mechanism omitting a large range

of other mechanisms which often are not based on formal IPRs.
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There is a broad distinction between formal and informal mechanisms. The term informal may appear
somewhat misleading as such mechanisms often do involve formal agreements between the involved
parties. Examples of such informal mechanisms are: informal social and professional networks, public
university lectures and workshops including continuous education, consulting, commissioned research
by firms, academic-scientist exchanges and recruitment of university graduates by firms (Yusuf, 2008).
Such mechanisms are likely to transfer certain types of knowledge (in particular tacit knowledge)
continuously and often without record. More advanced and codifiable knowledge, for example related to
inventions or ‘break through discoveries’, is likely to be formalised into an IPR. In such cases there may
be the need for on-going formal technology transfer and also the creation of IPRs. Hence, the formal
mechanisms include patents and other IPRs, licensing and royalty agreements, formation of spin-outs
and venture capital. The formation of spin-outs is also closely related to the formation of university
incubators and university science parks.

There are advantages and drawbacks associated with formal and informal mechanisms which have
substantial bearing on their relative effectiveness in transferring knowledge. The advantages of
informal collaboration are mostly access to industry funding of basic and applied research, exposure to
applied problems allowing the application of basic research results, and the possibility of obtaining new
ideas for basic research. The salient drawback of informal agreements is the time needed by academic
researchers to develop the relationship and to deliver the agreed product. Licensing in contrast does in
principle not require the involvement of the academic inventor. Although empirical work shows that this
may also be its main drawback as a large number of theoretical and empirical studies have shown that
the involvement of the academic inventor is crucial for the success of the licensing agreement or the
spin-off resulting from IPRs.

Below we outline ten formal and informal technology transfer mechanisms. In each case, we provide a
definition and some discussion, especially when the mechanism is not a core TTO activity. Core TTO
activities are discussed in full in section 8.

1) Formal and informal social and professional networks

Definition: A network is commonly defined as a collection of nodes and associated links. Nodes
can be individual researchers, TTOs, universities, firm employees, firms or any other actor. Links,
which can be undirectional or directional, can be any form of personal or professional tie or
interaction.

As this broad definition suggests, formal and informal networks capture a vast range of
interactions between individuals and organisations and thus concern a large number of actors
involved in technology transfer. A recent report by Library House (Holi et al., 2008) suggests that
networks (in particular social and professional networks between academics and staff of private
firms) constitute the most important channel of knowledge transfer. While there exists plentiful
empirical evidence of the importance of networks as a channel of knowledge transfer between
researchers and inventors (Breschi and Lissoni, 2004; Singh, 2005), the empirical evidence on
the relevance of networks in the context of university technology transfer is scant.

2) Continuing professional development and education, including public university lectures and
workshops
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3)

Definition: Continuing professional development includes any activities conducted by universities
to update existing and transfer of new knowledge to professionals in specific areas of (technical)
expertise. Teaching is commonly tailored towards part-time adult students with an existing stock
of specific knowledge and offers the option of acquiring formal higher education degrees. Public

lectures and workshops are events addressing specific topics open to a public audience.

Consultancy

Definition: The provision of expert advice to address and solve specific questions and (technical)
problems which requires knowledge possessed by academic researchers. It may involve the

temporary physical presence of academics in client companies.

Cohen et al. (1998) provide empirical evidence suggesting that consultancy contracts are more
important as a channel for knowledge transfer than patents or licenses. Link et al. (2007)
present an analysis of survey data collected among 1,514 university scientists and engineers at
150 research intensive US universities in 2004/05° for which they find that 18 percent worked as
consultants for the private sector during the past 12 months. They also find a positive correlation
between a faculty member enjoying tenure and his engagement in consultancy contracts. Yet,
Thursby et al. (2009: 23) state that ‘[b]Jecause consulting is less visible, it is one of the less
researched aspects of university to industry technology transfer’.

While being in principle an informal mechanism of knowledge transfer that usually is negotiated
directly between individual researchers and companies, consultancy contracts can also be
channelled through TTOs or university-owned consultancy companies in a more formal way. If
consultancy contracts are negotiated without the involvement of the university, Link, Siegel and
Bozeman (2007) suggest that consultancy engagements by faculty should be seen as a
substitute to a university’s formal technology transfer efforts. At the same time, Mansfield (1995)
finds for his sample of 321 university researchers in the US that often problems encountered in
consultancy projects motivated researchers to undertake new basic research. This positive view
of consultancy engagements by academics is partly confirmed by Thursby, Fuller and Thursby
(2009). These authors look at a sample of 5,811 US patents where one or more of the listed
inventors is a faculty member in one of 87 US research universities. They find that only 62
percent of patents are exclusively owned by universities. Thursby et al. (2009) explain the
relatively large number of patents not held by universities by academics engaging in consultancy
contracts which lead to patenting of the resulting invention.® Hence, it appears that consultancy
contracts lead to patentable inventions, although ownership of these IPRs remains with

companies and scientists.

5 The data comes from the Research Value Mapping Program Survey of Academic Researchers.

® Thursby et al. (2009) assume that patents not assigned to universities but containing an academic

among the inventors is the result of a consultancy contract if it is less basic in nature than comparable

university patents.
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5)

Joint, contract, and commissioned research, academic-scientist (at firms) exchanges

Definition: Research that is funded to a significant extent by outside companies or institutions
that may involve the direct participation of employees of the outside firm or institution and lead
to tangible and intangible joint research output in the form of academic publications, reports and
IPRs.

This form of technology transfer is limited to a well-defined period of time, commonly one to
three and more years (D’Este and Fonatana, 2007). This implies that there is more time for
exchange between academic and private sector researchers. Similar to the findings by Cohen et
al. (1998), it seems reasonable to assume that research collaboration is more widespread than
licensing of IP (D’Este et al., 2005). In their US survey, Link, Siegel and Bozeman (2007) found
that 15 percent of academics in their sample co-authored a scientific paper with someone from
the private sector. D’Este and Fonatana (2007) use data on academic researchers that received
research grants from the UK engineering and Physical Sciences Research Council (EPSRC) during
1991-2003. They look specifically at 3,535 researchers that received grants that included
different types of partners such as industry, public organisations, and non-profit organisations.
Their data shows that the degree of collaboration varies across discipline with engineering and
architecture leading with over 90 percent of grants being of collaborative nature. Their data also
reveals substantial heterogeneity among researchers in terms of the network size reflecting
previous findings by Agrawal and Henderson (2002) who showed that the distribution of
academic researchers engaged in university to industry knowledge transfer is highly skewed.

Licensing of patents

Definition: The university as the owner of the patent gives an outside firm or organisation the
exclusive or non-exclusive right to use and modify the patented invention. This is different from
selling the patent right to a third party (assignment). Royalty schemes can differ and include up-
front lump-sum or running payments contingent on the commercial success of the invention.’

Instead of license payments also equity stakes in companies may be taken by the university.

Thursby, Jensen, and Thursby (2001) provide evidence collected from TTOs at 62 major US
universities providing evidence for the early stage character of university IP at the moment of
licensing. Only 12 percent of inventions were ready for practical or commercial use and for only
15 percent manufacturing feasibility was known. The early-stage character is emphasised by
TTOs reporting that only 12 percent of licensing deals covered inventions covered by granted
patents or registered copyright. Hence, knowledge licensed out by universities is of an early-
stage type and commonly remote from commercial application. This has important implications
for the type of licensee and the modalities of license agreements. Thursby, Jensen, and Thursby
(2001) also provide some evidence on the prevalence of running royalty schemes for licenses as
81 percent of respondents report to ~almost always’ include them in license agreements. Also
common payments involve patent fee reimbursements and up-front fees. Up-front fees are

” Royalty schemes are important as Lach and Schankerman (2004) provide some empirical
evidence for faculty license income to be increasing in the academic inventor’s royalty share.
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6)

7)

8)

problematic because of the early-stage nature of most university inventions. Licensing is a core

activity of TTOs and a full discussion is left to section 8.

Other IPRs (industrial designs, database rights, copyright, trademarks)

Definition: Universities generate a range of other IPRs. These are often called ‘soft’ IP, but can

generate royalties and even spin-outs as with patents.

This is an under researched area of university and TTO activity and is in part the subject of a

companion paper.

Formation of spin-outs and joint ventures

Definition: The British Venture Capital Association defines spin-outs as “a company engaged in
business that is dependent upon licensing or assignment of technology for initiation from a public
research institute (e.g. university, government laboratory, etc.)” (BVCA, 2005). This may involve
universities receiving equity stakes in start-up and established companies in exchange for the
right to use university-owned IPRs.

In their comprehensive literature review on academic spin-outs, Djokovic and Souitaris (2008)
point out that the formation of spin-outs involved four parties: (1) the university from which the
technology originates, (2) the inventor, (3) the entrepreneur that aims at commercialising the
invention through the formation of a start-up, and (4) the initial investor. The BVCA report also
lists typical characteristics of technology spin-outs. Notably the value of such start-ups derives
from long-term potential based on the exploitation of scientific inventions and IPRs. Moreover,
due to the high-tech nature of their business, spin-outs initially lack tangible assets and offer and
develop products which are largely new to the market. Hence, spin-out companies are usually
established in the objective to capitalise on an existing IPR. However, it is also possible to set up
a company that capitalises on a business idea that cannot be patented. Spin-outs may also
involve the ~transfer of people’, such as university inventors or researchers working for the new
venture (Djokovic and Souitaris, 2008). In the UK, university researchers have the right to start
up companies and own equity stakes of these start-ups. Moreover, there is no UK-wide policy
with regard to rules governing equity ownership of academics in university spin-outs which
implies that universities can set their own rules (Wright et al., 2009). Spin-out companies are a
core activity of TTOs and are discussed in Section 8.

Formation of university incubators
Definition: The UK Business Incubation defines business Incubation as “a unique and highly
flexible combination of business development processes, infrastructure and people, designed to

support entrepreneurs and grow new and small businesses, products and innovations through
the early stages of development and/or change” (UKBI, 2007).
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As discussed in Section 4, university incubators are a rather recent phenomenon in the UK.
Helmers (2009) finds that 80 out of 139 UK universities (58 percent) offer incubator facilities to
start-up companies. Interestingly, some universities are associated with more than one incubator
which explains the total of 125 incubators found by Helmers (2009). Incubators can differ
substantially in terms of type of start-ups hosted (high-tech firms or student ventures) and in
terms of their organisation ranging from virtual incubators to incubators physically integrated
into large science parks. This is a core activity of TTOs and a full discussion is in section 8.

Formation of science parks

Definition: The UK Science Park association defines a science park as “[...] essentially a cluster of
knowledge-based businesses, where support and advice are supplied to assist in the growth of
the companies. In most instances, Science Parks are associated with a centre of technology such
as a university or research institute”.® More specifically, Link and Scott (2006) define university
science parks as “a cluster of technology-based organizations that locate on or near a university
campus in order to benefit from the university’s knowledge base and ongoing research. The
university not only transfers knowledge but expects to develop knowledge more effectively given

the association with the tenants in the research park”.

Hence, a distinguishing feature between university science parks and science parks more
generally is their geographical proximity to universities. Also note the distinction between
incubators and science parks: science parks are not restricted to start-up companies and thus
may host large and well-established companies or their subsidiaries. Again, science parks are a

core activity of TTOs and a full discussion is in section 8.

Recruitment of students from universities by firms

Definition: Graduates from universities are formally employed by companies and are physically
located within these companies. They provide the knowledge acquired at the university to the
company.

The Lambert Report (2003) and the Leitch Report (2006) provide an overview of the role of
graduate education in the UK. An example of a more detailed study is Arvanitis et al. (2008) who
survey data on technology transfer activities for 671 Swiss firms. They find that employment of
graduates in R&D and contacts to universities through university graduates employed in R&D are
perceived by firms as important channels of technology transfer.

8 http://www.ukspa.org.uk/about/fag
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6 Models of TTO operation

Universities use the formal mechanisms described in Section 4 in different way to transfer knowledge.
In this section we provide a brief typology of the four most common ways for universities to organise

technology transfer.

6.1 The ~Cambridge’ Inventor-Ownership Model

In this organisational model, individual academics act as the catalyst in technology transfer activities.
This is sometimes referred to as the ‘Cambridge model’, which is a reference to the situation at
Cambridge University prior to 2005. Cambridge University, one of the leading universities in the world,
has its name associated with a model that relies on the entrepreneurship of academics themselves.
Prior to 2005 the individual academics owned their IP and this allowed any entrepreneurial academics
to start their own businesses directly. The advantage of this model is that it gives maximal incentives
to the academics and also removes any influence of the university. Assuming that academics are
entrepreneurial and that the ‘university influence’ largely imposes additional constraints and
bureaucracy, this model can be very effective. In Cambridge’s case there were many examples of
successful spin-outs. Library House (2006) estimates that there were 250 surviving companies in 2005
that were started directly from Cambridge University technology transfer (accounting for around
£0.5bn in revenue). In some countries, such as Finland, Italy and Sweden, the model where academics
own their IP is still widespread and is often called ‘professor’s privilege’. Although, in some universities
within these countries academics may have to sign specific contracts that assign all IP to the university.
Other countries, such as Germany in 2002, have opted to abandon the ‘professor’s privilege’ in favour
of Bayh-Dole type regulations.

The Cambridge Inventor-Ownership model can have relevance even in situations where there is an
established policy that universities have the IPRs. This is for two reasons. First, there is some evidence,
especially from the US, that a significant number of academics ‘by-pass’ the official rules and file for IP
in their own name (Markman et al. 2008; Thursby et al., 2009). Second, even when an academic
discloses their invention it may be that the university or TTO decides not to pursue formal IPRs. In this
situation the university may allow the academic to act as an individual and choose whether to file for
formal IPRs.

The advantages of the ‘Cambridge model’ are that it provides maximal incentives to academic inventors
and does not require the setting up of centralised systems. In some universities where there is a long
history of decentralised activity (Cambridge and Oxford are examples of this) this may be important.
However, the model does rely on academics being entrepreneurial and, in reality, many academics may
be solely interested in research. It also means that the individual academic must also coordinate other
resources (legal advice, financing, marketing, etc). The model also reduces any incentive for the
university to support such activities and limits its ability to coordinate technology transfer activities
across research departments.

6.2 In-house model

At the other end of the extreme from the Cambridge model is when the university manages the entire
technology transfer process, although this might often be through a particular research department or

group. This corporate approach can be seen as ‘business development’, in the sense that the university
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sees itself as a business engaging in consultancy and licensing and, in some cases, spin-outs. An
example is Oxford Brookes University which has a Research and Business Development Office with two
staff for technology transfer and around £0.6 million in revenue for 2005/6. However, even in this case,
external consultants are used. Portsmouth University has a department for Research and Knowledge
Transfer Services, which acts as a TTO. These situations represent relatively clear cut cases of the in-
house model, although external consultants may be brought in to advise. In many other cases
universities retain some, but not all, functions in-house. Imperial College, for example, has a well
known TTO called Imperial Innovation, which was listed on the stock market in 2006 (with Imperial
College retaining majority ownership), but also has Imperial Consulting as an in-house group (albeit a
profit centre) and also an in-house Business Development Unit. In the UK, it is often the case that
some in-house technology transfer functions are supported by national or regional government funding
(e.g. the Higher Educational Innovation Fund). Hence, in practice the decision is not whether to have a
fully in-house model, but rather which parts of the technology transfer process should be kept in-
house.

6.3 Establishing a standalone limited company

In this model the university establishes a dedicated, and independent, limited company whose
objective it is to act as a conduit between university research and business. The company — whose
name often includes both the University name and words like ‘innovations’, ‘enterprise’ or ‘technology’
— is initially resourced by the university, but the underlying objective is that it becomes largely self
funding. Its decisions are independent of the university. For example, decisions on when to patent or
what incentive contracts to give its staff can, in theory, be made independently. In most cases the
university retains a majority shareholding in such companies, but other investors are also allowed
substantial stakes. This has the advantage of providing long term incentives to venture capitalists,
investment banks and alike to develop the company by using their contacts and skills. It also means
that the standalone company takes on some of the features of the hybrid model discussed below. An
example of such a company is ULive which is a subsidiary of the University of Liverpool and engages in
the commercialisation of IP generated within the university. Since 2007, ULive has been listed on
London's Alternative Investment Market (AIM).

6.4 Hybrid models

Before explaining the nature of ‘hybrid models’ some background on the finances surrounding licenses
and equity shares relating to IPRs and spin-outs is useful. In particular, there is normally a split
between academic, faculty and university in the case of license income. When a spin-out is established
the key split is the allocation of equity between academic, faculty, university and any private firm
involved in the spin-out. The exact allocation of finances will vary across universities but Oxford

University’s current allocations are in Table 8.
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Table 8: License and equity shares for Oxford University

Academics University general Department Private firms
funds
Net revenue for
licenses
To £50k 87.5% 12.5%
To £500k 45% 30% 25%
Over £500k 22.5% 40% 37.5%
Spin-outs
Equity share 25% 25% 50%*

Notes: * this includes share to management of spin-out (say 10%b). Table based on Richards (2009)

In 2000, Oxford signed an agreement with Beeson Gregory (a stockbroking firm), later to become
IP2IPO and now IP Group Plc, to pay £20 million to partly fund a new chemistry building in exchange
for half of the University’s equity stake (i.e. 12.5%) in any spin-out from chemistry research and half of
the University’s share in any licensing agreements. IP2IPO subsequently signed similar deals with
Southampton University (providing a £5million spin-out fund), King’s College London and York
University. Oxford University signed another agreement with Technikos worth £12million in 2006 to
help funding its Institute of Biomedical Engineering. In exchange, Technikos is to receive stakes in

future spin-off companies of the institute.

This type of hybrid model where private firms pay for a stake in university IP and spin-outs has
occurred in a number of cases. In 2005, BioFusion paid the University of Sheffield over £8million for a
share of medical research IP and spin-outs. Others include Techtran Group (Leeds), Frontier IP Group
plc (with Dundee and Robert Gordon Universities), Angle (with Reading University), and IPSO, which
focuses on life sciences, environmental sciences and technology (with Loughborough).

The University of Leeds cooperates since 2003 with privately owned Techtran Group (which is since
2005 a fully owned subsidiary of IP Group). In this cooperation, academics are still required to disclose
their inventions directly to the university’s Enterprise and Innovation Office (EIO) which decides
whether to seek IP protection. EIO notifies Techtran of the new patented invention, which Techtran
then appraises in terms of its commercial potential and decides whether the invention should be
licensed or serve to found a spin-out company. The commercialisation phase of IP is thus entirely dealt
with by Techtran. Techtran sees the main advantage in its collaboration with the university in its ability
to provide access to initial funding and a large network of partners to help spin-out companies
(including accounting, marketing, banking and insurance services). Techtran gains from preferential
access to the university's IP and equity stakes in spin-out companies. Notably, it claims part of the
share that would otherwise be awarded to the university. This implies that the involvement of Techtran
has initially no negative financial implications for the academic inventor.

Frontier IP Group plc which is fully owned by Sigma, a private asset management company, is engaged
in long-term partnerships with the University of Dundee and Robert Gordon University. Frontier IP is
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listed on PLUS Markets since May 2009. In 2009, Frontier IP Group plc was successful in establishing
Robert Gordon University’s first private equity fund (RGU Ventures Investment Fund LP) with
committed funds of £1.1 million destined specifically for investment in IP.° In addition, Scottish
Enterprise's Scottish Co-Investment Fund entered a partnership to potentially invest in university spin-
out companies through a matching fund arrangement.

The case of the initially envisaged 20-year strategic partnership agreement between Reading University
and Angle plc signed in 2006 is also instructive. According to the university (O’Hare, 2008), the main
motivation to partner with Angel was the perceived need for funding, management expertise and
resources which was obtained through the agreement. In compensation, Angel received the time-
limited right of first refusal to invest in all university IP to be commercialised, a 60 percent equity stake
in return for up to £500,000 investment in spin-offs, and a 15 percent share in all commercial returns
from IP where Angel chose not to invest covering licensing agreements and spin-offs. The deal came to
an abrupt end in May 2007 when Angle retracted from providing funding and consultancy support
which led to the termination of the partnership in July 2007. As a consequence, Reading University
focused again on strengthening the own in-house TTO.

In summary, the hybrid model has gained rapidly in importance in funding the commercialisation of
university IP in the UK. In an interview in 2008, Rob Rule, then the managing director of Techtran,
answered the question of whether there are similar models abroad stating “I am not aware of any other
country in which this model has grown so rapidly. [...] | am not aware of anywhere that has followed a
similar model to ours, raising finance for the specific purpose of being a specialist investor in university
IP” (November 2008, Optics & Laser Europe Magazine). This underlines the front-runner role the UK
has assumed in this market.

The advantages of such schemes are that they bring finance to the university, which can allow capital
projects (e.g. the building of Oxford’s chemistry department) and fund creation. They also bring the
expertise and contacts associated with stock brokers, venture capitalists and investment banks. This is
done in a context of a medium to long term horizon where the private firm’s return is closely aligned
with the success of the research. In a recent report, Klein (2009) adds the achievement of the hybrid
model in often managing to bring spin-off companies within a minimum amount of time to the AIM.
One of the controversies of such schemes is whether the initial lump sum, or share of revenues,
accurately reflects the benefits and whether the exclusive long-term contracts (usually between 10 and
25 years) are in the interest of universities. Klein (2009) also points out that the aggressive strategy of
bringing spin-outs as fast as possible to the publicly traded market depends to a large extent on the
willingness and ability of the market to absorb these companies. If this enthusiasm slackens, the hybrid
business model may suffer. In more basic terms: do the sophisticated financiers negotiate deals that
ultimately do not reward the university appropriately. Pinch and Sunley (2009: 19) cite opinions
expressed by spin-out firms resulting from the partnership between Southampton and IP Group stating
that “it it demanded a relatively large surrender of equity for relatively small amounts of investment”.
Moreover, the experience of Reading University cautions that the hybrid model depends on the
commercial viability of the private partner. Difficulties on its side may lead to damaging disruptions in
the technology transfer process and jeopardise long-term achievements.

° Frontier IP and Robert Gordon University have respectively invested £300,000 and

up to £800,000 in the Fund at First Closing.
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In summary, while this model is very recent, it has already produced some remarkable success stories
in the UK, although there is also some evidence for its limits as it depends on the business success of
the private partner company in the competitive market. Knowing that the overwhelming share of TTOs

in the UK operates at a loss (Heher, 2006), this is problematic.

Evaluating the issues of effectiveness and fairness of the hybrid scheme is difficult also in light of the
few and relatively recent experiences, but the general premise is that both parties need to be well
informed in order for outcomes to be effective and equitable. In addition, basic auctioning theory
suggests that the seller (the university) should try and have more than one bidder (the financier).
Evaluating the effectiveness of such schemes is an important area for future research.

This review of models of TTO operations has shown that in many cases there are a variety of models at
work in a university. In most cases the TTO itself is central to technology transfer, but its exact sphere
of influence varies. This suggests there is no single, optimal model for a TTO that would apply in all
situations. This is also the conclusion reached by Tang (2008) in a review of university IP in the UK.
She states “There is no single ‘best practice’ model for the exploitation of university IP. Successful
universities display a variety of approaches and methods for IP creation, management and exploitation”
(2008: 1).'° However, a key issue is evaluating the empirical support for such statements and it is to

this we now turn.

7 International Comparisons of TTO effectiveness

A starting point for thinking about the effectiveness of different types of TTO models, and technology
transfer regimes in general, is to look an international comparisons. We start with a study that looks at
patent citations. Bacchiocchi and Montobbio (2009) find, in a sample of EPO patents (1978-1998), that
patents granted to US universities and public research organisations are more likely to be cited than
patents belonging to private firms in the US in Chemicals, Drugs and Medical, Mechanical and others.
In contrast, no such positive association between university patents and citation frequencies is found
for the other countries in their sample, the UK, France, Germany, Italy, and Japan. In another broad-
based paper, Aghion et al (2009) look how university patenting is influenced by autonomy (from
regional or federal government) and competition (specifically for research grants). They find that more
autonomous and competitive universities, in both Europe and the US, are associated with higher
numbers of patents. This said, there is considerable variation around this positive association. They
also conduct some more detailed analysis of changes in funding to US state universities and again find
that more autonomous state universities, which face more competition from private Universities,
produce more patents. For our purposes this paper is too limited since a) it does not control for TTOs
b) it does not control for patent quality, for example by looking at licensing or business success. Lehrer
et al. (2009) also draw attention to competition and autonomy, but stress that a diversified system of
funding university research is also important.

10 Wright el al (2008), in a paper about university-industry links in general, confirm this basic message
by stressing that universities need to use different strategies that reflect their research strengths and
the region’s characteristics.
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Bekkers et al. (2006) offer a descriptive comparison of the role played by TTOs in commercialising IP
through university spin-outs between the US and the Netherlands. They conclude that TTOs in the US
are far better staffed, professionalised and highly specialised resulting in far more effective technology
transfer activities than in the Netherlands. They also argue that the pro-small firm bias built in Bayh-
Dole, i.e., TTOs must give preference to firms with less than 500 employees, helps in commercialising
IP through start-ups. Moreover, Bekkers et al. (2006) also see the clear policies in place at US
universities with regard to commercialisation, including royalty sharing and equity stakes in spin-outs,

as an advantage leading to more effective technology transfer than in the Netherlands.

While the Bekkers et al. (2006) study indicates that US TTOs are better, Thursby and Thursby (2007)
estimate that “a very large” number of US TTOs are a net drain on university finances (i.e., the
royalties do not even cover their own costs). Although, overall, license payments are close to 3 percent
of research funding in the United States.'' On average in UK universities in 2004, according to survey
data in Unico (2005), annual rates of license income (royalties) were around 1 percent of research
funding. Although, in directly funded UK public-sector research establishments, recently surveyed by
Technopolis (2007), large rises in the number of licensing agreements were found, alongside rising
incomes from intellectual property licensing and from business consultancy. There is also some
evidence that the UK is more ‘efficient’ at producing university spin-outs than the US, measured by the
number of research dollars. On average one spin-off firm is formed for every £15 million of research
expenditure in the UK, compared with one for every £44 million in the US (UNICO, 2003).

Conti and Gaule (2009) attempt to provide a more comprehensive analysis on licenses. They seek to
understand differences in the ability of TTOs to sign license agreements, specifically between EU and
US universities. They use data from recent surveys of TTOs in the EU and the US. The basic data show
that the median number of licences for an EU university is four per year, whereas it is 13 for a US
university TTO. Similarly, the licensing revenues per university are dramatically lower for EU
universities (only 18 EU universities have license revenues greater than 1 million; 71 US universities do
s0). As discussed above, in the ‘open science’ model it is wrong to use licensing as an indicator of
success, in fact, the opposite may be true (i.e. the objective is to disseminate technology at low cost).
However, since most European policymakers now accept that the ‘licensing’ or innovation model is
often appropriate, these figures suggest European universities in general, and TTOs specifically, are
performing poorly. In order to investigate these issues, Conti and Gaule consider licensing to depend
on four factors: university research output (publication volume and number of ‘star’ scientists), legal
situation regarding academics need to disclose inventions (which varies across the EU), the experience
and resources of the TTO (proxied by age of TTO and number of staff), and the demand for technology
by business (proxied by GDP per capita at the regional level). Once all of these factors are controlled
for, they find that the US advantage in licensing becomes insignificant. These results indicate that the
average smaller size and younger age of TTOs in the EU compared to the US are important to
outcomes (TTOs in EU have mean age of 10 years compared to 17 in US; mean number of staff in EU is
2.3 compared to 4.6 in US). Also, as expected, allowing academics not to disclose inventions also
reduces licensing revenues to university (although there is no information on extent, or revenue

generated, by direct academic-business licenses).

11 See also Turk-Bicakci and Brint (2005) for an overview of licensing income among US
universities pointing to large disparities among universities in terms of income generated
from licensing.
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Finally, von Ledebur (2008) argues that both the higher chances of obtaining a patent granted and the
shorter time period needed from filing of a patent application to its grant in the US adds to the
advantage US universities have in licensing over their European counterparts. Different regulations

regarding software patents may further distort EU-US comparisons.

8 Efficiency of TTOs in delivering social and economic outcomes

This section reviews the empirical evidence that is available on the efficiency of TTOs. As has been
made clear in Section 4, TTOs are involved in a wide range of technology transfer activities, which
means it is very difficult to evaluate the overall performance of TTOs. In acknowledgement of this,
most of the empirical studies focus on only one activity, such as licensing or disclosure rates. Clearly
this is less than ideal and makes it impossible to provide a clear conclusion with regard to the different
models presented in Section 5, but it reflects the complexity of issues at stake. Given the nature of the
empirical work, this section is organised into sections that focus on specific TTO activities. With regard
to the different methodologies used in the empirical literature, we find two types of research
attributable to the complex nature of the research object. On the one hand, there are largely
qualitative case-study based studies that rely on in-depth surveys of a small number of organisations
and actors involved in technology transfer. On the other, there exists some work attempting to quantify
for example the output of TTOs and to relate it to measured inputs. Nearly all of this work does not go
much beyond pointing out correlations between the variables as establishing causality is a challenging
task in this context.

8.1 The identification of inventions and generation of IPRs

One key aspect of TTO performance is the generation and identification of IPRs. This section considers
the empirical evidence on these issues. It is clear from the above discussion that IPRs in themselves
cannot be the sole indicator of TTO performance. Nevertheless, they are an important issue and one

worthy of detailed discussion.

The ‘applied’ vs ‘basic’ research debate

An initial issue to consider is whether the pursuit of IPRs biases the type of research conducted at
universities. A distinction is often made between ‘applied’ research, which in simple terms is focussed
on innovation, and ‘basic’ research, which is focussed on understanding the nature of the world. It is
clear that both types of research are necessary, but there is a concern that the relatively recent
importance attached to TTOs, university-business links and IPRs may be creating too much ‘applied’
research (David, 2001, 2005). While this might be beneficial in the short run it could be detrimental in
the long run.

Although the evidence base on whether there is a ‘detrimental bias’ is far from conclusive, it appears to
have relatively little support. Zucker and Darby (1996) found that prominent researchers in
biotechnology had outstanding research records even though they were involved in patenting and other
forms of commercialization. Similarly, Czarnitzki and Toole (2009) find that US biomedical scientists
that leave to become involved in a commercial project have just as good publication records if they
return to academia. There is also some evidence that researchers with commercial interests tend to
reinvest some of the funds in new equipment and student support (Siegel et al. 2003). Fabrizio and Di
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Minin (2008) find that patenting and publication by university faculty members are complementary.
Although publications are not a direct measure of basic research, such evidence still suggests the best
researchers can do both applied and basic research. However, there are some studies that suggest
commercial links can be detrimental. Louis et al. (2001) found that university and research institute
scientists with commercial links tended to reject requests for research results from other academics
more than academics with no such commercial links. Czarnitzki et al (2009) consider a data set of
4,737 patent applications (1978-2000) that have one or more German academics as inventor(s). They
find that companies are much more likely to have agreements involving patents that are ‘less complex’
and focused on the short run (as assessed by patent citations and patent scope metrics). They suggest
that firms avoid the more complex, long run patents — even though these may have higher value (since
firms may lack the advanced competencies to absorb and develop the knowledge associated with such
patents). These results suggest a greater emphasis on university-business links may impede
fundamental research.

The disclosure of inventions

The starting point for a TTO is to have a steady stream of disclosures from academics (or faculties).
Ideally, the disclosure of all inventions that have the potential to be patented (or protection by other
IPRs) should occur.'? In practice, there is widespread debate over the proportion of ‘potentials’ that are
disclosed and the ‘quality’ of disclosures. Surveys of faculty and TTOs in the US indicate that not all
inventions are being disclosed (Siegel et al, 2004; Markman et al, 2008), but gaining accurate data is
difficult.™® Markman et al. (2008) find that over 42 percent of the 3,200 patenting scientists in their
sample of 54 US universities bypassed their university at least once between 1989 and 2003 when
filing for a patent. Out of the total 7,650 patents filed by these scientists, 2,557 (33 percent) were
found not to be owned by universities. Thursby et al. (2009) offer a more nuanced view. For their
sample of 2,900 patenting scientists and engineers in 87 universities, who appeared as inventors on
patents applied for in 1993, and/or granted in 1997, 1999, and 2004. Out of the total number of
patents, Thursby et al. find 26 percent to be assigned solely by private companies. However, Thursby
et al. argue that most of these patents emerged from consultancy contracts between firms and faculty
members and should therefore not regarded as bypassed. They estimate the share of bypassed patents
at only around 15 percent which is nevertheless considerable.

One reason for non-disclosure, and the by-passing university rules by a researcher, is to exploit the IP
directly (clearly this is only an issue where university IP rules require disclosure). The extent to which
by-passing occurs is related to incentives and culture (relating to university, faculty and

12 Thursby, Jensen, and Thursby (2001) provide empirical evidence resulting from a survey of 62 US
universities that the number of patent applications by TTOs increases one-to-one with an increase in
the number of disclosures. They also provide some quantitative evidence suggesting that royalties
increase with the share of university inventions licensed at more advanced stages of development. This
is inline with the view that the large uncertainty attached to early-stage inventions makes it difficult for

TTOs to negotiate large royalties.

3 Note also the title of Jensen et al. (2003) ~Disclosure and Licensing of University Inventions:
~“The best we can do with the s**t we get to work with’, which indicated the views of some TTO
directors.
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entrepreneurship more generally). The ‘incentives’ are a package of direct financial payments and

related benefits (including kudos) that a disclosure sets in place (see Section 5 and 6).

Jensen, Thursby and Thursby (2003) report survey evidence suggesting that only a share of all
inventions is actually reported to TTOs. Reported reasons for low disclosure rates are manifold,
including a lack of awareness of the commercial potential, concerns over the need for further time
investment to promote the commercialisation of the invention, and the desire to circumvent the TTO to
profit from the invention directly. Therefore, in order to incentivise researchers to disclose their
inventions, TTOs need to put in place appropriate incentive schemes. Such incentive schemes are
applicable both to generate IP to license out as well as start-up companies. The importance of the
incentive scheme is confirmed by empirical evidence by Lach and Schankerman (2004) who find royalty
shares allocated to academic inventors to be positively correlated with licensing income. The need for
specific incentive schemes is also supported by Jensen, Thursby and Thursby (2003), who model
theoretically a researcher’s decision problem whether, and at what stage of the development process,
to disclose an invention to the TTO. In their setting, the researcher’s faculty acts as an agent of the
university administration whereas a TTO serves both the faculty and the administration. The university
administration sets a university-wide binding share in licensing income. Once an invention is disclosed,
the TTO decides whether to commercialise the IP and determines the resulting licensing income. The
model yields the prediction that higher quality staff discloses a larger share of inventions early in their
development phase which confirmed by their survey data of 62 TTOs at US universities. Their empirical
application also provides descriptive support to the notion of a TTO as a “dual agent’. Hence, the
reliance on researchers’ willingness to disclose inventions implies that TTOs act not only as a mediator
between inventors and outside firms as suggested by Siegel et al. (2007), but also to bridge possible
diverging interests between a university administration and individual researchers.

Owen-Smith and Powell (2001) collected data on two research intensive US universities through
interviews to investigate motivations of academic inventors to disclose their inventions. They find that
the beliefs scientists hold about the benefits attached to patenting are crucial in their decision to
disclose their inventions. Owen-Smith and Powell (2001) argue that the differences in disclosure rates
found between the two universities can be explained mainly by the perceptions of academics of the
efficacy of their TTO. However, according to Owen-Smith and Powell (2001), also the wider institutional
environment forms scientists’ beliefs about the benefits attached to disclosing and patenting their
inventions. As the main institutional factors, Owen-Smith and Powell list awareness among scientists of
prior patenting success and commercial activity, a supportive peer environment, and commercial
success translating also into academic recognition.

Larger sample empirical evidence on incentive packages to encourage disclosure is scarce. As might be
expected, Markman et al. (2008) find for the US that larger royalty payments to scientists and their
faculties reduces by-passing and also autonomous TTOs reduce by-passing. This they attribute to
autonomous TTOs having an ‘open house’ approach, with frequent visits to faculties, and a clear
message concerning incentive packages. However, they also find that larger universities and more
entrepreneurial environments increase by-passing, and that higher quality inventions (as proxied by
patent citations) are more likely to by-pass.

Overall, despite refined incentive schemes in place employing different ways of remunerating
researchers, it is unlikely to achieve full disclosure of inventions to TTOs. While the In-house Model, the
Stand-alone Company model, as well as the Hybrid Model crucially rely on disclosure, the ~Cambridge’
Inventor-Ownership Model does not. The reality that academics choose to a significant extent to by-
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pass the technology transfer scheme in place may favour the decentralised ~Cambridge’ Inventor-
Ownership Model.

The decision to file for IPRs

Once a disclosure has been made it is the TTOs role to decide on whether to take out formal IPRs. This
is a decision about commercial possibilities, which must be weighed against the costs of obtaining IPRs.
This is an area where the experience of both the TTO office and its staff are very important. We have
already noted that many TTO staff have PhD’s, but in this instance it is commercial experience and
contacts that are critical. Here a centralised organisation of technology transfer is at an advantage over
a decentralised model where individual researchers have to take these critical decisions based on their
own (limited) information set. Nevertheless, financial resources may be the limiting factor in TTOs
decision to obtain formal IPRs.

One issue stressed by Richards (2009) is the paramount importance of being absolutely clear that the
IP does indeed belong to the University before the TTO starts the process of filing for patents, etc.
Since academics undertake a range of research and consultancy for different organisations, it is
important to make sure that none of these involved a contract where IP was shared or allocated to
other parties. At Oxford University the Research Services Office vets all research contracts signed by
academics. Richards (p.19) states “it is all too easy for a researcher to accept funding for a post-
doctoral assistant but in so doing sign away their rights not only to work legitimately claimed by the
backer, but also to all similar work for all time.” Empirical studies that investigate the relationship
between decisions on filing and aspects of TTO performance appear absent.

The role of IP strategy

Various commentators point to the need for a clear, stable and well publicised IP strategy on behalf of
universities. Further, some stress the importance of IP being a crucial link in establishing productive
university-business links. For example, Paul Tiltman and Richard Ball state “At Exeter, as with many
Research-led Universities, the primary purpose of focusing on IP is to drive collaborative research
engagement with external organizations,” and “The use of an effective IP policy, with good rewards for
the inventors, that allows early disclosure of progress on research projects, buys time and allows early
filings of disclosures, which not only adds value, but allows publication in a timely and effective
manner.”** Research reported on in the Times Higher Education Supplement (2008)° also suggests

that many universities are relatively poor in exploiting their IP.

While such views on IP strategy may appear common sense, there are dissenting views. The Lambert

Review (2003) argued that fixation on IP could sometimes disrupt university-business technology

¥ This is a web page summary of contribution to The European Business Review at

http://www.europeanbusinessreview.com/?p=989 accessed Sept 2009. Paul Tiltman is Head of IP &

Commercialisation, University of Exeter, and Richard Ball is Head of Economic Development, Exeter
City Council, UK.

% The article is entitled ‘A penny for your thoughts’ by Hannah Fearn (28/2/2008).
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transfer by creating a barrier to collaboration. Wellings (2008), in a review of university IP entitled
‘Intellectual Property and Research Benefits’ also highlights the possibility of universities becoming
overly focused on IP, he also added (Wellings, 2008: 5) “[e]arly over-valuation of the worth of IP can
result in university staff being concerned over selling key IP too cheaply and industry representatives
worrying about disproportionate royalty costs”. It is clear, therefore, that there is a balance to be made
between using IP as part of efficient structure for technology transfer and allowing IP to create
obstacles. Wellings (2008) provides a series of recommendations that provide more detail to this end.

Hall et al. (2001) use information on the Advanced Technology Program (ATP) in the US. The ATP has
the objectives to commercialise new scientific discoveries and technologies rapidly and refine
manufacturing technologies. It provides public funding for research undertaken by private firms. Hall et
al. consider 38 randomly selected projects funded by the ATP between 1993 and 1996. These projects
cover single participant projects, as well as projects jointly undertaken with other organisations. Hall et
al. report that a third of the lead private sector participants in the 38 projects indicated that IP issues
were an insurmountable barrier in collaborating with universities. The analysis by Hall et al. (2001)
suggests that the larger the ATP share in project funding, the larger the chance that IP emerges as an
insurmountable barrier to collaborate with a university. This is interpreted as evidence for a conflict
between firms’ desire to appropriate research results of probably more basic nature and the university’s
desire to publish the results. They also find that IP as a barrier is more likely the shorter the project
horizon. This is related to the uncertainty involved in research which mitigates instant concerns over IP
that may eventually result from a long-term project. More surprisingly, past collaboration with
universities is positively associated with lead participants regarding IP as an insurmountable barrier.
Hall et al. interpret this as evidence of learning about university IP policies by private firms which
makes them aware of problems related to IP in working with universities. Apart from this study, there
appear no empirical studies that investigate the relationship between IP strategy and technology
transfer outcomes.

8.2 Commercialisation success

There is a great deal of interest in assessing the commercial success related to TTO technology transfer
activities. At the outset, it is important to realise that there are a range of ways of assessing
commercial success, with many of these requiring looking back over many years to assess the
performance of the private firms involved. For example, one metric of commercial success is the
survival rate of the firms involved. However, it is possible to increase survival by subsidising such

firms, which means metrics of ‘success’ must be treated with caution.

Reputation of TTO

An issue already mentioned is how the reputation of the TTO can influence its success. As noted above,
disclosure rates may be influence by academic perceptions of the effectiveness of the TTO. Equally, the
ability of the TTO to attract interest from private firms will depend on its reputation. Reputation is
important due to the problems of asymmetric information. It also creates a ‘chicken and egg’ situation
where a reputation is needed to attract commercial interest, but one cannot obtain a reputation until
one has had a number of commercial successes. Empirical analysis — in a range of contexts — confirms
that the age and experience of the TTO is positively associated with its performance (e.g. numbers of
patents or licences). It also suggests that a critical part of establishing a TTO is to generate a

reputation. For smaller universities, this could involve pooling inventions into a common TTO, or
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bringing in external partners that can help with establishing a reputation. In this respect, more
centralised models of technology transfer, i.e., the In-House Model, the Stand-alone Model and the
Hybrid Model offer a substantial advantage over the ~Cambridge’ Inventor-Ownership Model in
particular for younger academics that may have less chances to rely on their own reputation to market
their inventions. This may be particularly important as Fini et al. (2009) suggest a positive correlation

between the age of an academic and his likelihood to found a company based on a patent.
Organisational Structure of TTO

Bercovitz et al. (2001) use a case-study approach to analyse the organisational structures of three
TTOs of US research universities, Duke University, Johns Hopkins and Pennsylvania State University.
Bercovitz et al. (2001) define three performance measures of TTOs according to which organisational
structures adopted by these universities are evaluated: Information processing capacity, coordination
capabilities, and incentive alignment properties. While according to Bercovitz et al. (2001) all three
universities are considered to be ~best-practice’ institutions with regard to technology transfer, there
exist substantial differences in their respective organisational structures. Bercovitz et al. (2001) argue
that the history, culture and norms in place at each university exert considerable influence on the
organisation of technology transfer activities. As such, they find Johns Hopkins employs a decentralised
organisational structure, with a fragmented technology transfer system spread over four widely
autonomous units that are only loosely connected. Duke University in contrast has a single centralised
unit. Bercovitz et al. (2001) argue that while the decentralised model optimises unit-level information
processing capacity and unit-level incentives, which results in larger numbers of disclosures and higher
average licensing income, the centralised model results in more coordination across units and incentive
alignment. This results in a larger number of client firms that are shared across units (those that deal
with licensing and sponsored research respectively). Pennsylvania State University has adopted a
centralised administrative office with decentralised units. According to Bercovitz et al. (2001), this
offers more across-unit coordination and incentive alignment than the model adopted by Johns
Hopkins. While this type of research is very valuable to discern between TTOs that seemingly employ
the same technology transfer channels, it is based on mostly qualitative information collected through
in-depth interviews which limits the size of the sample and makes it difficult to generalise the results.
Nevertheless, this discussion on the organisational structure of TTOs is closely related to the discussion
of different technology transfer models in Section 6. It makes clear that there is no empirical work
directly assessing the different models and comparing their relative performance, mainly due to the
need for very detailed information of mostly qualitative nature.

Licensing

Licensing agreements can be complex as they also involve issues such as the academic’s rights to
publish the corresponding research results in academic journals. The main difficulty, however, in
forming license agreements is in the evaluation the commercial value of a license. There are also
considerable time lags between the licensing out IP and the commercial success of the resulting
product. Jensen and Thursby (2001) indicate that only a small fraction (12%) of licensed inventions
can be readily commercialised. Hence, licensed IP requires considerable additional investment and
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potentially cooperation between the licensee and the original academic inventors.'® This implies that
while the main income from licensing accrues from royalty payments, licensing may also create
demand for other more informal technology transfer services such as consultancy and contract
research. Lach and Schankerman (2004) show that the distribution of returns to licensing is highly
skewed. In their data on US university license agreements, 96 percent of all license agreements
generated income of less than US$ 50,000. There are very few highly valuable licenses that generate
large incomes for the university (the most famous example is the Cohen Boyer gene splicing technique
patented by the University of California and Stanford).

The large uncertainty implies that license agreements are highly negotiable. Hence experience and
relative bargaining power play an important role in these agreements. Thursby, Jensen, and Thursby
(2001) report survey evidence suggesting that due to the early-stage character of university
inventions, they are more likely to be licensed to small firms than to large established firms which was
confirmed by Figure 6 which shows that SMEs are also important licensees in the UK.

Spin-outs

There are several famous examples of hugely successful companies that originated in university spin-
outs, Cisco Systems, Netscape Communications, Google in the US, and Oxford Instruments and Oxford
Glycosystems in the UK. Note that some of these companies did not base their incorporation on formal
IPRs, such as Google.17 Such successful ventures can create colossal returns for universities and
academic inventors.'® Yet, there is considerable uncertainty paired with such large potential which can
make it difficult to obtain outside venture funding (Lerner, 2005). Moreover, while there are a number
of impressive successes, this reflects that the entire outcome distribution is skewed with the
overwhelming share of firms producing only modest returns. This, in turn, means it can be complex to
undertake empirical analysis, since one cannot rely on standard measures of central tendency (e.g.
means or medians). Nevertheless there are a range of empirical studies.

The notion of a TTO as a dual agent, as discussed above, is not only relevant for invention disclosure
but also at the commercialisation stage. Clarysse et al. (2007) argue that spin-outs originated by a TTO
are larger at the moment of incorporation than firms started by individual researchers because
universities form overly positive expectations about its market potential. Yet, this TTO effect is found
not to persist as TTO-backed spin-outs are not more successful in raising subsequent funding (i.e.
compared to start-ups without TTO support). These findings are obtained for a sample of 97 spin-outs
from five European countries (Germany, Belgium, the UK, France, and Italy) and suggest that the dual

agent role may lead, in fact, to suboptimal outcomes.

16 particularly, biomedical inventions require large-scale additional investments as several test phases
have to be passed in order to obtain approval for drugs.

7 This is a point made also by Fini et al. (2009) who conduct a large-scale survey among scientists at
US universities to find that a large share of spin-off companies is not based on patent rights.

8 The Times Higher Education Supplement (20 January 2006) lists UK’s top academic entrepreneurs
who earned considerable wealth through their academic spin-offs in the fields of physical and chemical
sciences, mechanical and electronic engineering and computing
(www.timeshighereducation.co.uk/story.asp?storycode=200859).
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Feldman et al. (2002) list the main advantages attached to holding equity instead of reaping licensing
income. First, holding equity means that gains depend on the overall destiny of the company rather
than the success of a single product. Hence, even if the product based on the licensed IP fails to
generate income, the company may still prosper due to other products and hence the university gains
regardless. Second, holding equity may also reduce uncertainty attached to the university invention as
universities can wait until they have learnt about the commercial viability of their IP before selling off
their equity stakes. Moreover, equity may help aligning university and firm objectives which helps
avoiding future conflict of interests and litigation over IP. Third, it can have a signalling function
strengthening the entrepreneurial image of a university. This argument also applies to firms that may
use the fact that a research university holds equity to signal about the quality of its innovation and
faith in its future development. This may help the firm to raise funding from third parties.

There are also risks associated with this more direct involvement of universities. In particular liability
for product defects and negative publicity may be consequences. It may also divert the university’s
attention from its original role and cause significant financial losses to universities (Lerner, 2005, gives
some examples). Nevertheless, Feldman et al (2002) report results from a survey indicating that 70
percent of research universities in the US included in their sample frame participated in at least one
equity deal, which shows how widely distributed this form of technology transfer is. However, there is a
risk that conflicts of interest arise between the university and individual researchers, as well as society
as a whole. Individual researchers may divert attention from their university duties and exploit
university resources in favour of the company they hold equity in. Also, universities may face decisions
that represent a trade-off between promoting the interest of a start-up they partly own and society as
a whole which jeopardises the traditional role of a university to promote the overall good of society.
Matkin (2001) lists a number of policies taken by US universities to avoid such conflict of interest. He
states that in the US it is common for universities to limit the equity stake in companies to 10 or 20
percent in order to keep their influence limited. Similarly, some universities also choose not to vote as
shareholders in companies that have equity stakes in in order to avoid getting trapped in controversial
decisions. A university may even impose on itself restrictions with regard to the management of
companies in which it holds stakes. As such, a university may choose not to serve on the management
board of a company altogether. This may also involve rules about the timing when equity stakes have
to be sold in case a company goes public in order to avoid long-term involvement of universities in

companies.

Meyer (2006) analyses a dataset of 530 inventions by Finish university researchers that were patented
at the US PTO, finding that only 15 percent of these patents are used in start-up companies (most
patents are used by established large firms). Unfortunately, the data used in Meyer (2006) does not
answer the question whether more valuable patents are used to start-up companies, or rather end up
being licensed to large companies.

Bray and Lee (2000) compare the average income generated by licensing against the average value of
equity sale. They estimate the average value of a license in the US in 1996 of nearly US$ 64,000 while
a conservative estimation of the average equity sale is nearly US$ 140,000. Although this comparison
is based on a very small sample of spin-outs, and is possibly subject to sample selection, it provides
some suggestive evidence of the relative returns of the different commercialisation channels.

While these studies suggest there are benefits to spin-outs some concerns have also been raised. The
Lambert Report (2003: 60) suggested that the number of spin-outs was rising too quickly, with too
many poor quality spin-outs being supported. The Lambert Report suggested the proportion of start-up
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finance supplied by the private sector is an important indicator of quality. Van Geenhuizen and
Soetanto (2009), in a study of spin-outs from Delft University of Technology (the Netherlands), lend
some support to such a view since they find high survival rates for spin-outs and suggest this is due to

over-subsidising. However, there is limited empirical evidence on these issues.
Incubators

As discussed in Helmers (2009), university business incubators provide start-up companies with a
range of support measures including physical space within the incubator building, training and
coaching, business contacts, access to finance etc. University incubators have the additional advantage
that they can draw upon the resources available at the university, including academic support, access
to research facilities, as well as easy access to the student pool to recruit employees. Nevertheless, to
our knowledge, there exists no research on the relative effectiveness of incubator facilities offered by

universities themselves and those offered by external agencies.

The notion that incubators provide a safe environment for start-ups is supported by Schwartz (2009)
for Germany who finds a negative correlation of firms’ leaving an incubator and subsequent firm
survival within three years of graduation. Schwartz shows that the largest drop in survival among firms
graduating from an incubator occurs immediately after graduation. This can be interpreted as evidence
in favour of a sheltering environment provided by incubators. Moreover, Schwartz finds that six years
after graduation, about a third of former tenants have gone out of business, which is a considerable
share of firms. For comparison, Helmers and Rogers (2008) find a similar share of failures for the entire
cohort of new firms in the UK during a similar time period. This may question in how far incubators help
firms to survive beyond incubation.

In addition, Helmers (2009) reports evidence that market entry of firms through incubators have had a
significantly positive effect on incumbent firms’ patenting activity where this effect was found to decay
with distance between incubator and incumbent. This evidence can be interpreted as support of the
commonly encountered assumption that incubators not only increase chances of success for their
tenant firms but also generate local and regional spillovers.*®

Science parks

Although science parks are conceptually distinct from the operations of TTOs, in practice science parks
and TTOs are complementary. Section 5 has already given a standard definition of a science park, but
it is important to note that there are some variations. In the US the term ‘research park’ is common
and the General Accounting Office (GAO, 1983, p. ii) defines university-related research parks as
“clusters of high technology firms or their research centres located on a site near a university, where
industry occupancy is limited to research-intensive organizations.” In the UK, the term ‘science park’ is
often used and, again, Monck et al. (1988, p. 62) point out: “There is no uniformly accepted definition
of a Science Park [in Britain] and, to make matters worse, there are several terms used to describe
broadly similar developments—such as ‘Research Park,” ‘Technology Park,” ‘Business Park,’ ‘Innovation
Centre,” etc.” In any event, research or science parks all have some element of encouraging the
formation of knowledge-based firms within an environment that is active in technology transfer from

19 See website of UK Business Incubation (UKBI).
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universities. It is for this reason that the effectiveness of TTOs is overlaps with the prevalence and

scale of parks and, in turn, their efficacy.

In the US the first parks included Stanford Research Park (established in 1951), Cornell Business &
Technology Park (established in 1952), and the Research Triangle Park of North Carolina (established in
1959). In the UK, the first science parks were established by Cambridge University and Heriot-Watt in
1972. By 1992 there were 32 parks and by 1999 there were 46 (Siegel et al, 2003). Link and Scott
(2007) review the formation of university science parks and note that their number rises considerably
at the end of the 1970s and early 1980s. Siegel et al. (2003) conjecture that the emergence of science
parks is related to increased efforts to intensify knowledge transfer and the strengthening of university
ownership of IP. Link and Scott (2006) attribute the rise in numbers of science parks to the desire
among private companies to engage in research collaboration with universities. There is no properly
developed theory explaining the emergence and presence of science parks. However, the location of
them close to a university, as well as close to other technology intensive firms, should increase the
scope for knowledge spillovers and other forms of support received. Location within a science park may
also give firms higher visibility and credibility with regard to its prospects for its future development.

The empirical literature is better developed than the theoretical and has recently been reviewed by Link
and Scott (2007). They classify the empirical literature into several fields. Studies in one field look at
the determinants of firms’ decisions to locate in science parks. They cite evidence by Westhead and
Batstone (1998) that firms’ main motivation is access to university resources and academic staff.
Leyden et al. (2008) estimate the likelihood of a firm being invited to locate at a university science park
and find that the amount spent on R&D is positively correlated with the probability of being invited.
This is interpreted as a sign that science parks are concerned with maximizing inter-firm spillovers
(although there is potentially a serious selection problem in their analysis). Link and Scott (2003b,
2006) use data on a sample of science parks in the US and relate employment growth within science
parks to a number of variables. They find that the distance to the university is inversely correlated with
employment growth. Link and Scott (2007) also cite some studies using UK data that assess the
comparative performance of firms located on science parks and outside firms. For example, Siegel et al
(2003) conduct an analysis on the relative performance of firms in UK science parks compared to a
‘control group’ of similar firms not in science parks. Their paper looks at the R&D effectiveness of 89
science park firms and 88 control group firms in 1992. R&D effectiveness is assessed by new products,
patents and copyrights. They find some evidence that science parks foster greater R&D effectiveness,
although they note that the results are preliminary. The evidence from other studies cited in Link and
Scott (2007) is mixed, with some studies finding no statistically significant difference (Westhead, 1997)
and others finding some differences in innovative output (e.g. Siegel et al., 2003). In summary, Link
and Scott (2007: 662) state “In sum, URPs [university research parks] are not well understood and
attendant research on them is just beginning to burgeon. We speculate that this gap in understanding
stems from the lack of well-defined constructs about what constitutes a URP, the variety of goals of a
URP, and the general lack of clear metrics for measuring their impacts and successes.”
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9 Suggested Research Questions

Suggestions for further research

1

2)

3)

4)

5)

6)

The organisational structure of TTOs in the UK. So far there does not exist any collection of
information on the organisational structures employed by TTOs. While we see a convergence in
the technology transfer mechanisms employed by TTOs, we lack knowledge about the way in
which TTOs organise themselves to effectively implement these mechanisms. Research
suggests that differences in TTOs organisational structure have a bearing on their performance

and are most likely rooted in the history and culture of universities.

The outcomes of university licensing. In general licensing is thought of as an end in itself,
however, some attention should be given to the subsequent performance of the firms involved.
In particular, are there trade-offs between licensing to SMEs (e.g. low initial payments, but
possible long run growth) and larger firms (e.g. high initial payments, but few growth

opportunities)?

Would it be more efficient to license university inventions through auctions via a centralised
platform? Bundling inventions on a single platform could solve the problem of insufficient
number of potential bidders so far preventing auctioning of licences. Are there lessons to be

learnt from www.ip-auction.eu?

The performance of spin-outs. While the Lambert review suggested there was the possibility of
too many poor quality spin-outs, there is little empirical evidence on this issue. Comprehensive
private databases with information on all registered firms are now available. Equally, ONS data
could be used. There is a need, however, to collate specific data on the nature of each spin-out

(e.g. share holdings, staffing, whether inventor was involved).

Do incubators effectively help high-potential spin-outs to prepare for competition in the market
or do they only delay failure? Are there differences in the impact of incubators on spin-outs
holding IP and those that do not? Are universities better suited to provide incubator facilities to

spin-outs than (private) external agencies?

IP strategy by universities. There is now an accepted view that IP is beneficial to technology
transfer. There are good theoretical justifications for this and the empirical evidence on
patents, licensing and spin-outs also lends support. There is also some evidence that
universities could get much better at exploiting their IP. However, at the same time, concern
was raised by the Lambert Review (2003) and Wellings (2008) that too great a focus on IP by
universities could damage technology transfer. The evidence by Hall et al. (2001) supports such
a view. This suggests the need for more research, especially in the role of IP in possible joint

research projects between universities and business.
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7) Hybrid technology transfer models where business makes up-front payment for subsequent
IPRs. The activities of the IP Group PLC and other venture-IP companies are a relatively new
feature in technology transfer. There appears to be little evaluation of these models from a

social welfare perspective.

10 Data Sources

- Higher Education Funding Council for England (HEFCE): BCI survey
- Higher Education Statistics Agency (HESA)
- The University Companies Association (UNICO):
(a) UK University Commercialisation Survey
(b) Salary and Incentives survey
- Scottish Funding Council Knowledge Transfer Grant (KTG)
- Library House: Venture-backed companies in the UK
- UK Science Park Association (UKSPA)
- UK Business Incubation (UKBI)
- Advanced Institute of Management (AIM) Research (Bruneel et al., 2009)
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