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ABSTRACT

THE COMMERCIALISATION OF UNIVERSITY PATENTS: A
CASE STUDY.,

The role of universities has evolved over the centuries. The most recent
manifestation is the ‘Entrepreneurial University’ which engages with industry
through various knowledge transfer practices and seeks to commercialise its

research. First adopted by US universities this model has been replicated by
universities in Europe, Australia and Asia.

One of the consequences of this rise in the ‘entreprencurial university’ has been a
sharp increase in patenting by universities. However, both the number and proportion

of exploited patents is small. Given the costs of patenting this represents a significant
waste of resources.

The primary aim of this thesis is to explain why some patents are exploited while
others are not. This, in tumn, involves exploring the actors who are involved in the
decision to patent a scientific discovery and take it forward to exploitation. By
identifying the factors that promote and hinder patent exploitation this will assist
Technology Transfer Offices in deciding which inventions to patent.

The study uses qualitative methods incorporating a case study approach. The patent
portfolio from the University of Strathclyde is used as the case study. Interviews with
six directors of technology transfer offices in universities in Scotland and England
were undertaken to understand the general process of commercialisation. Two
samples of patents from the University of Strathclyde’s patent portfolio, one

comprising patents that were commercially exploited, and the other comprising
unexploited patents, were examined in order to understand the different outcomes.

Exploited patents included both those that were licensed to established and those that
were used to start new spin-off companies.

The study finds that whether a patent is commercially exploited, and way in which it
is exploited is influenced by three factors: (i) the entrepreneurs and the inventors,
their characteristics and motivations. (ii) the characteristics and nature of the
technologies (scope, stage) (iii) the TTOs’ lack of resources and a due diligence
system. The study concludes with proposals for how TTOs can enhance their
decision-making process regarding which discoveries to patent in order to improve
the overall effectiveness of the commercialisation process in universities.
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CHAPTER 1

THE EMERGENCE OF THE ENTREPRENEURIAL
UNIVERSITY

“The role of our universities in the economy is crucial. They
are powerful drivers of innovation and change in science and
technology, the arts, humanities, design and other creative
disciplines. They produce people with knowledge and skills;
they generate new knowledge and import it from diverse
sources; and they apply knowledge in a range of
environments. They are also the seedbed for new industries,
products and services and are at the hub of business

networks and industrial cluster of the knowledge economy”™
(Charles, 2003).

1.1 INTRODUCTION

For many centuries universities were regarded as isolated institutions

conceived for cultural conservation, preservation and transmission (Etzkowitz,
2002). Over time, the traditional role of universities has broadened but remained
confined to teaching, research, and services. Research was only undertaken insofar as
it supported the original goals of teaching (OECD, 1982). Education and research

were done for their own sake as an end in themselves. Universities accepted a
relatively small percentage of school leavers and trained them for elite positions in
society. Services provided by universities were mainly to assist public domain
activities (OECD, 1982) that were related to public services. The Industrial
Revolution brought a change in the concept of knowledge. Research from
universities became more empirical and practical, displacing the knowledge of
theology. The role of universities changed from serving the state in managing society
to serving industry and commerce by providing a pool of skilled workers. As

industry’s demand for skilled workers increased, more universities were established.



Research and development in universities became integrated with the main function
of teaching and provided leadership for newly emerging industries (OECD, 1982).
After World War 11, academic research became the main agenda for industrial
innovation (Etzkowitz, 2002). R & D results in the form of patents could contribute
to local economic development if they were efficiently exploited. The role of the

university has therefore changed from ‘mode 1’ which is the production of

theoretical knowledge to ‘mode 2' which is research that results in practical
knowledge (Fisher and Klien, 2003). Mode 2’ research is associated with a more
interdisciplinary, pluralistic, ‘network’ innovation system in contrast to the previous
system in which major corporate or academic institutions were less closely linked
with other social institutions.

A further shift has been towards the entrepreneurial university (Etzkowitz et
al., 2000; Etzkowitz, 2002; Etzkowitz, 2003). In this new role universities contribute
to local economic development by translating their R & D output through various
technology transfer mechanisms such as licensing to established companies, forming
spin-off companies, consultancies, research contracts, and sponsored research.
Universities are therefore now operating like private firms by selling and privatising
their knowledge (Coupe, 2003). Their networking with industry and government
which Etzkowitz et al., (2002) called a ‘triple helix’ becomes crucial. This model

emphasises the increased interaction between universities, government and
industries, and has required changes in the internal culture and norms of universtties

as well as in government policy related to the commercialisation of university
technologies (Etzkowitz, 2003).

The success of Massachussetts of Institute Technology (MIT), Columbia
University, and Stanford University in commercialising their research, either through
spin-off or licensing, encouraged governments to believe that universities could be
agents for industrial innovation, sources of high technology entrepreneurs and
contribute towards both regional economic development and national innovation
policies. This encouraged more and more universities to adopt this entrepreneurial
ethos. The success of the entrepreneurial university model can be seen in the Route
128 area around Boston (Dorfman, 1983; Tornatzky, 2002; Etzkowitz, 2002). The

Route 128 consists of eight universities (Boston College, Boston University,



Brandies University, Harvard University, MIT, North-eastern Umniversity, Tuffs
University and the University of Massachusetts Boston employing 50,750 people 1n
financial year 2002). In 2002 in the Boston area of the US, 264 patents and 280
commercial licenses were executed and 41 spin-off companies were created (Boston
Report 2003). The employment rate in the area grew by 4 % between financial years

2000 and 2002. This area was the leader in transistors, military equipment/research,

semiconductors and minicomputers in the 1970s (Saxenian, 1994).

Silicon Valley, like Route 128, was famous for electronic measuring devices
and receivers for military use post World War II. The Science Park was first
developed in Stanford University as an important incubator for high tech companes.
In the 1980s, a new generation of semiconductor and computer start-ups emerged
alongside the established companies Hewlett Packard and Intel. Recently, Google
Inc. was founded in 1999, and originated from Stanford University. In 2005, it had
$6.1 billion gross revenue and an operating income of $2.0 billion. The company has
5,680 employees and $8.0 billion in cash and its equivalent. It went to an IPO in
August 2004 with an offer price of $85 and climbed up to $414 per share by the end
of 2005 (Eisenmann and Herman, 2006).

The success of the US universities in exploiting university research has been
replicated by universities in Europe, Australia and Asia. In the UK, the Cambridge
area (Segal Quince Wicksteed, 1990; Bower, 1992) is the densest site in Europe for
high technology firms, many of which emanated from the university of Cambndge.
In the 1970s and 1980s the university was the main source of high tech companies.
The spin-offs process has now become multigenerational with spin-off companies
becoming the source of further spin-offs (Gamsey and Heffernan, 2005). In 1985,
there were around 300 high tech firms and 16,000 jobs in the Cambridge high-tech
sector. By the end of the century, there were more than 1,200 technology firms
employing 36,000 people, approximately 10% of the total Cambridgeshire workforce
(Gamnsey and Heffernan, 2005). The same process has taken place at the University
of Twente, in the Netherlands, Linkoping University in Sweden, and Katholieke
University Leuven, in Belgium (Ndonzuau et al, 2002). Japan also started to

generate spin-off creation from its universities following government legislation,




which removed university ownership of intellectual property in 1998 (Rubin et al.,
2003).

1.2 THE FACTORS THAT AFFECT THE MODERN ROLES
OF UNIVERSITY
Etzkowitz et al. (2000) and Gray (1998) pointed out that the entrepreneurial

university has emerged from various types of educational activities that could
generate money for universities. It is not limited to R & D output and aligned with
economic development, but it is also reinforced through innovations in
undergraduate and continuing education as well as through consultancy, mass student
recruitment, and higher tuition fees. However, in this thesis, the focus is on how an
entrepreneurial university transforms its research into Usable products through either
licensing to establish companies or through spin-off companies.

Several factors have pushed universities into becoming more entreprencurial.

These factors are discussed briefly below.

1.2,1 Reduced funding from central government

Central governments, in the US, European and Asia have reduced the amount
of funding to 1ts universities in real terms since the earlyl980s (Bower, 1992;
Etzkowitz, 2002). This is because of the cost of opening up university education to
the masses, and the increasing cost of scientific research. There is now more
competition amongst university for research funding. Universities have been
encouraged by government to raise funding from the third stream sources. This has
encouraged universities to review their R & D activities and aim to increase the

exploitation of their intellectual properties through licensing to established
companies or to spin-off companies (Bower, 1992; Malecki, 1997; Lazzeroni and

Piccaluga, 2003). In other words universities have become more aggressive and

entrepreneurial in seeking new sources of funding.

1.2.2  Control from government and change in universities mission.
The modern mission of universities involves multiple roles and objectives

(Lazzeroni and Piccaluga, 2003). They need to commit to quality teaching and



research, but at the same time they need to be innovative and involved 1n their local
regional development (Young, 2004). This is a further pressure on universities to be
entrepreneurial (Etzkowitz, 2000, 2002). Teaching and learning should be led by
results of research. Interdisciplinary research and boundary spanning research centres
or units should be established, which mediate with the outside world on behalf of the

university by disseminating their knowledge via commercialisation of intellectual
properties and consultation and specialised short courses should be aimed at local

industries.

1.2.3 Increased support from government

The US government realised the importance of universities as an asset for
future local development, and has undertaken various strategies to facilitate
entrepreneurial universities. This has occurred since World War II. Government
funding is still the largest but the proportion is reducing. In 2003, the federal
government accounted for only 56 % of the funding for R & D in universities
compared to 68% in 1972 (National Science Board, 2006). The National Science
Foundation (NSF) was established to fund large scale projects (Etzkowitz, 2002) and
collaboration projects with industry are encouraged. Some research centres were also
established to commercialise university R & D, such as the National Centre for
Manufacturing Science (NCMS) and the Advanced Technology Programme (ATP)
(Mowery, 2003). Besides the new Bayh-Dole Act' legislation, the government also
took on the role of venture capitalist by extending federal research funding to
transform research into Usable products through the Small Business Innovation
Research Programme (SBIR), which was introduced in 1977. The objective was to
stimulate technological innovation and to increase private sector commercialisation
of innovations derived from federal research and development (Etzkowitz, 2002).

The UK government has also put various strategies in place to support
entrepreneurial universities. Three parliamentary White Papers have been published

(1998, 2000 and 2001) dealing with universities roles in their local communities. The

' Under Bayh Dole Act, the government relinquishes the right to seek the patent and allows the right

to obtain a patent to be contractually transferred from the inventor to the university. The Acts
allow universities to claim worldwide patent rights on inventions made under United States
government grants and contracts. The regulations also require universities to establish Technology
Transfer Office to facilitate commercialisation activities (Mowery et al., 2002).



main theme in the White Papers was the need to improve the funding of science
education, and improve knowledge, skills and incentives for knowledge transfer
(DTI, 2003). The UK has a strong science, engineering and technology base,
especially in biotechnology and ICT but, exploitation research is generally weak
(DTI, 2003; Nickell and John Van Reenen, 2003). There is a proposal to double the
UK R & D budget from the present level of 1.87% of GDP. Similarly in EU, there 1s
a current proposal to bring the present budget of 2% GDP to 3% GDP in line with
Japan and the US (Potocnick, 2005).

The government gives direct support and provides various grants to
universities to strengthen links with industries and to integrate entrepreneurism, the
third role of universities, into the main stream. For example the UK’s University
Challenge Funds and Scotland’s Proof of Concept Fund, are given to universities to
develop inventions up to prototype level. Incubator facilities are provided to support
new firms especially those from the universities until they are able to compete with
the outside market.

Moreover, universities are encouraged to offer entrepreneurship courses to
create entrepreneurial awareness among students as well as among academic staff as
most? do not have any commercial experience. In summary, the new roles of
universities are as follows (LLazzeroni and Piccaluga, 2003:46);

1. Knowledge factory: as an organisation oriented towards basic research

and would be involved in the production of new knowledge. It can be

measured through scientific publications and evaluated by peer groups as

well as patents.

2. Human capital factory: Providing large numbers of quality graduates and
PhD students.

3. Technology transfer factory: as an organisation, which interacts with the
business world and favours the exploitation and transfer of scientific
results. It can be measured by a series of indicators such as the contract
research revenues, the creation of spin-off companies, the number of

patents held and transferred, consultancy contracts, and the creation of

? Most, and similar term in this thesis, is defined as fraction of a quantity which constitute more than
70%.



joint U-I research laboratories which involve tacit knowledge flows and
formalised contracts.
4. A territorial development factory: collaboration with local authornities and

industrial associations to foster local and regional economic development.

1.3 PATENTING

To maximise the exploitation of R & D results from universities, the US
government has introduced the Bayh-Dole Act in the late 1980s (Etzkowitz, 2002),
which allows universities to have rights on their intellectual property. With this right
universities can exploit and encourage their R & D results or ‘Mode 2’ knowledge
and gain income from licensing their intellectual property rights. Consequently,
many universities in the US have established Technology Transfer Offices (TTO) to
facilitate patenting and licensing activities, The number of TTOs increased from 235
in 1980 to 200 in 1990, which underlines how universities have devoted their
attention to these activities (Etzkowitz, 2002).

In the 1980s, following the case of Chakrabaty (1980), where the US

Supreme Court ruled that live engineered micro organisms was patentable, research
in genetic engineering and biotech has exploded. These industries have a strong
relationship with universities (Young, 2004). Since the end of the cold war US
government funding has shifted to civilian R & D, with a focus on health related
research. Thus, university research in this area became important and partnerships
with industry have grown (Young, 2004).

A similar phenomenon has occurred in the UK universities. In 1985, UK
universities were given the right and responsibility to exploit their intellectual
property and to ensure that public funded R & D results were transferred to the
private sector. The devolution of the rights from the state-agency British Technology
Group (BTG) to universities gave universities the financial incentive to generate
income from their intellectual properties rights (Etkowitz et al., 2002). Technology
Transfer Offices were established to facilitate the intellectual properties exploitation.
This phenomenon has spread to European, and Asian universities.

Patenting is an important tool of measurement of the productivity of scientific

research (Lazzeroni and Piccaluga, 2003). As universities change to become more



entreprencunial, they must identify inventions that have commercialisation potential

and seek patent applications as a preliminary step to exploiting them through

licensing or the creation of a new spin-off company.
The Bayh-Dole implementation in the US, the devolution of BTG in the UK,
and the Chakrabaty Case have led to an increase in the number of patents in

universities over time. However, by no means all granted patents are commercially

viable. As a rule of thumb for every 100 disclosures that go to the Technology
Transfer Office (TTO)®, 25-30 of them will be subject of patent applications.
However, only 10% of granted patents are commercialised either through licensing
to an established firms or through a spin-offs. This percentage is below the OECD
(2002) which reported that 20% to 40% of patents are licensed. Moreover, only half
of the patent portfolio eamed income. In the US, before the Bayh-Dole Act, the
federal government had accumulated 30,000 patents, of which only 5% were licensed
(Mowery et al.,, 2004). In a more recent survey by Association of University
Technology Transfer Management (AUTM) (2004) it was reported that only 22.4%
of the total of 27,322 active licenses earned any income (Pressman, 2004). And of
those only a few licenses generate significant income for universities (Jensen and
Thursby, 2001; Grafft and Heirman, 2002; OECD, 2002). Recent data on the UK
universities reveals that 66% of respondents had existing License, Options and

Agreements (LOAs) yielded income, 34% of them did not receive any income

(UNICO, 2005). These statistics question the effectiveness of the patenting activities

in public universities in the UK.

1.4 RESEARCH RATIONALE

A review of the literature on the patenting and licensing activities of
universities reveals that no study has ever been carried on the reasons why some
patents are commercially exploited and others are not. Nor has there been any
investigation of the decision making process of university TTOs in relation to the

commercialisation of patents. This study attempts to fill these gaps in the literature.

The study will answer two research questions:
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1) What explains why some of the university patents are exploited and
others are not?

11) What are the features of exploited patents and unexploited patents?

The research objectives which will address the research questions, deal with

the following issues:

1) To identify how, why and who are the actors involved in the decisions to

patent a discovery or new inventions through to exploitation.
11) To identify the factors that influence and hinder patent exploitation.
An increased understanding of these issues will help TTOs and policy-makers

improve the effectiveness of the patenting and commercialisation process.

1.5 ORGANISATION OF THE THESIS

This thesis 1s organised into nine chapters. The introductory chapter has
provided an introduction and background to the study and explains the reasons for
undertaking the research. The research problem and the research questions have been

identified. Chapter 2 reviews the relevant literature. The first part of this chapter
reviews the patent process, the importance of patents and the motivation factors that

lead academics to patent their inventions or otherwise. The second part of the

literature review 1s focused on university licensing activities. It specifically focuses

on the reasons why university patents have been licensed to established companies or
to new university spin-off companies. Chapter 3 outlines the methods used to collect
the data for analysis. A case study approach has been adopted in this research and the
justification for this is given here. The chapter also provides a crnitical review of the
analysis technique used in the study. In Chapter 4 the commercialisation process of
university intellectual property is examined. Seven universities were studied and
interviews were conducted with the TTO director of each university. This gives a
better understanding of the general process of university commercialisation activities
and differences in practice.,

The following four chapters report on the research findings. Chapter 5
examines unexploited patents. This chapter examines the features of this type of
patent and who were involved in the patenting process. The factors that inhibited

patent exploitation are discussed and propositions are suggested. Chapter 6 presents



the case of patents that were licensed to spin-off companies. The features of the

patents that are exploited through this route are examined. The actors involved in the
decision to seek patent protection and the decision to commercialise are identified.
Chapter 7 presents information on patents that were licensed to established
companies. The features of these patents and identification of those who were

involved 1n the decision making to seek patent protection and to commercially

exploit the patent are described. The factors as to why certain routes were chosen are
highlighted. Chapter 8 compares the similarities and differences between these three
categories of patents. The characteristics of the inventors and the maturity of the
technologies, the role of the TTO, funding and industrial experience of the
researchers all play a part and a description is given as to how they influence the
decision-making and the routes to exploitation.

Finally Chapter 9 draws together the conclusions and recommendations of the
study and i1dentifies the implementation opportunities for practitioners. Limitations of
the study and potential areas for further research are also discussed.

The next chapter, the literature review of patenting and commercialisation

process will be discussed.
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CHAPTER 2

LITERATURE REVIEW

2.1. INTRODUCTION

This thesis is concerned with the commercialisation of patents that have been
generated by umiversity research. The appropriate starting point is therefore to review

and to examine how universities commercialise their patent portfolio.

2.2, PATENTING PROCESS

A patent 1s a specific type of intellectual property comprises of patents,

copyrights, designs, know-hows, trademarks and confidential information (Adam,
2003). Foltz and Penn (1990:2) defined a patent as;

“a government granted and secured legal rights to prevent
others from practising (i.e. making, using, or selling) the
inventions covered by the patent; and, since a patent is a
personal property, it can be licensed, sold, mortgaged,
willed, or inherited.”

Knight (1996:2; 2001:2) defined a patent as

“a legal grant by the government of a country to inventors of
the idea, invention and/or technology, the right to exclude
others from making, using, or selling the invention, for a
limited period of time.”

The UK Patent Office’s (2006)definition is as follows:

“a patent for an invention is granted by government to the
inventor, giving the inventor the right for a limited period to
stop others from making, using or selling the invention
without the permission of the inventor.,”

Patents are termtorial rights. A UK patent will only give the holder rights
within the United Kingdom and rights to stop others from importing the patented

11



products into the United Kingdom. Since a patent is a property it also has a value that

needs protection.

2.2.1 The term of a patent

The term of a patent is the amount of time a patent is in force after it is

granted, assuming maintenance fees continue to be paid. Term can also mean the

amount of time a patent is active, and includes both the examination time plus the
time the patent 1s in force (Knight, 1996; Knight, 2001). Different countries start the
term of patent at different times. A patent from a European country has a term of 20
years; however, the patent is in force only from the grant date until 20 years after
filing. Therefore, the actual time the patent is in force can be much less than 20 years
because the real in force date is the date after filing and not the granted date. In
Japan, the patent term is 15 years from the date the examined application is published
for public review (and possible opposition), but not more than 20 years from filing.
However, the 20-year period will become standard in most industrial countries as the
result of global patent harmonisation efforts. In the United States since 1861 and
prior to 8 June 1995 the term of patent has been 17 years after 1ssuance. However,

since then the US law changed the term to 20 years after the filing date (Knight,
1996; Knight, 2001).

2.2.2 Types of patent

The US Patent Office (USPTO) categorises five basic types of patent, which
include: utility patent, utility model patent, design patents, plant patents, and business
model patents. Of these, utility patents are the most commonly sought and they are
the source of the growth in the number of patents. They are commonly used to
protect computer software developments and new inventions.

1. Utility Patent. Utility patents protect the functional part of a machimne
or process., Utility patents are viewed as a patent on new machines, new
compositions of matter, new manufactures, or new methods or processes of making
machines, compositions of matter or manufactures. A ‘machine’ is normally thought
of as a mechanical invention having moving parts, while a ‘manufacture’ is normally

considered to be a mechanical invention having no moving parts, such as a hammer
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or screwdnver. ‘Compositions of matter’ are normally new chemicals, polymers and
the like (Knight, 1996; Knight, 2001). These patents are more difficult to obtain and
more valuable than design patents. Nowadays with advances in technology,
computer software and human genes fall into this category of patent (Knight, 1996;
Knight, 2001; Allen and Wong, 2003; OECD, 2004).

2. Utility Model Patent. Some countries, for example, Japan, Germany
and Korea, allow utility model patents, which can be thought of as small, more
specific utility patents. Utility model patents usually have a shorter life than utility
patents, and were originally intended to provide some quick, inexpensive legal
protection for a small invention. From a practical standpoint, a utility [patent] i1s
narrowly claimed, or very specific to a particular product or machine (Knight, 1996).

3. Design Patents. Design patents are used to protect new, original
ornamental designs for an article of manufacture. The subject matter of a design
patent can be related to the configuration or shape of an object, to the surface
ornamentation on an object, or both. Normally design patents consist of a drawing of
the omamental design and a simple claim to the design, which is illustrated in the
patent (Knight, 1996). Examples of design patents include eye-glasses, the design of
a vase or the design of a door handle. A design patent application may only have a
single claim. A separate application must be filed for each independent design, as
multiple designs cannot be supported by a single patent claim. Design patents are
valid for 14 years from the date of application (Allen and Wong, 2003).

4. Plant Patents. Plant patents protect new and distinct varieties of
asexually reproducing plants. The plant for which a patent is being sought must be
uniquely different from any plant existing naturally in nature. This patent is good for
20 years from the date of application (Allen and Wong, 2003). The type of plants
eligible for patent protection normally includes cultivated sport, mutants, hybrids and
new seedlings, other than tuber-propagated plants or those found in an uncultivated
state. In some countries the plant must be capable of industrial application.

S. Business Method Patents. The business method patents are actually
a type of utility patent and involve a classification of process. USPTO declared that
business method patent will only apply to fundamentally different ways of doing

business and embedded processes must produce a useful, tangible, and concrete
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result. Examples of this kind of process are application software designed to

automate the portfolio management system by an organisation. A typical example 1s

the method and system for placing orders via a communication network introduced

by Amazon.com.

2.2.3 The importance of patent

Patent protection is important to inventors whether they are individuals or
organisations. According to Taylor and Silberston (1973) cited in Macdonald and

Lefang (2003);

“patent is the outcome of a bargain between the inventor
and society which society grants the inventor certain rights to

his invention in return for the inventor's disclosure of
whatever it is he has invented”.

Thus, a patent creates incentives for further research and development
(Mazzoleni and Nelson, 1998; Thumm, 2004) and the patent owner will be given
exclusive rights to use the technology (Sullivan, 1995; Knight, 1996; Knight, 2001;
Jackson, 2003; Panagopoulos, 2003). The owners of a patent are therefore able to
commercialise the technology without hindrance from competitors. Mazzoleni and
Nelson (1998) reported that established companies were unlikely to engage in further

development of a university invention unless they had proprietary rights or the patent
was licensed to them exclusively. New venture companies do not have any strong
assets, marketing and distribution systems. Hence patents are regarded as a valuable
resource for the competitive advantage of a company before it can sustain itself in

the market (Shane, 2004). According to Zahra and Bogner (1999) patents held by a

company can be a predictive index of a firm’s performance and a large number of

patents shows that the company is innovative.

In addition, a patent is an important asset to a company to prevent their
competitors having an advantage and as an assurance of monopoly power before
investing in development and commercialisation. This is supported by Colyvas et al.
(2002) who reported that intellectual property rights (in terms of patents) are likely to

be most important for embryonic stage inventions, and unimportant for inventions

that were basically “ready to use” straight out of the laboratory.
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2.2.4 Why universities patent

Universities patent inventions for two main reasons. First, patenting
inventions gives universities a stock of technologies. University inventions are the
main source of this stock. Many universities encourage and some of them oblige
their staffs to patent their inventions especially if government has funded the

research. Universities rely on inventors disclosing their discoveries to the

Technology Transfer Office (TTO). Disclosures are considered as intermediate
inputs to a patent, which than can be licensed to an established company or to a spin-
off company (Thursby and Thursby, 2002). More disclosures lead to more patents
available to be exploited (Thursby et al. 2001). This is confirmed by Shane and Di
Gregorio (2003) who studied AUTM data from 1994 to 1998 from 101 universities
and 530 spin-offs and found that more quality disclosures led to the creation of more
spin-offs. Second, technologies that have been patented are easier to commercialise.

Universities have insufficient resources to transform the technologies into
u sable products. Because of a lack of resources, universities need industrial partners
to bring the inventions into the market place. Thus, patents are important tools in
bridging these two different worlds (Mazzoleni and Nelson, 1998). Universities will
license their patents to companies in order to transform the technologies. Companies
prefer to license inventions that have patent protections, except in the case of special
technologies and circumstances, when the inventions may be exploited without
patent protection being sought (Mazzoleni and Nelson, 1998; Blackburn, 2004).

The strength of a patent determines the route of commercialisation to be

chosen. Strong patent protection, radical technologies and broad scope of a patent
encourage exploitation through spin-off formations (Shane, 2000b; Shane, 2001a;
Shane, 2001b; Nerkar and Shane, 2003; Shane, 2004). On the other hand patents that
have weak scope of protection, and represent incremental technology tend to be
exploited through being licensed to established companies (Shane, 2000b; Shane,
2001a; Shane, 2001b; Shane, 2004) (see Section 2.5 for more detailed discussion).

2.3. THE PROCESS OF PATENTING

Six stages are identified in the process of patenting. The general flow chart of

the patent process is illustrated in Figure 2.1. The figure shows that the research
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Figure 2.1:  Flow Chart of patenting process
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results were disclosed to TTO office. The TTO and the inventors will negotiate to

patent 1f the technologies fulfil the three basic requirements: is it useful; is it new;

and 1s 1t obvious. The TTO proceeds for patent application if it worth patenting or
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keep the technologies as a trade secret or saved as value for other product, or not to

patent if the technologies did not fulfil the three basic criteria.

2.3.1 To whom a patent may be granted

In the US, patents are granted only to the original inventor and so only
inventors have the right to apply for a patent. However, the original inventor may
subsequently assign the patent to a company or another individual. If a patent has
joint owners, any single owner can make, use, or sell the invention without
consulting or obtaining permission from the other owners. Therefore, if two
inventors jointly apply for a patent, they need to have a written agreement that deals
with the distribution of equity in the patent and the potential proceeds from royalties
or sale (Allen and Wong, 2003). A similar situation occurs in the UK. The person
who can apply for patent is normally the inventor himself/herself, or a person
qualified in patent law (normally the patent agent), or a practising solicitor. In other
words, anyone may apply for a patent, provided they give the inventor’s name, and if
they are not the inventor, they will have to give an account of how they came to be
the applicant. In the US, advice from a patent agent or intellectual property attorney
is required during the application for a patent especially in drafting the second part of
the application. The decision whether to grant the patent depends on how the claims
are worded. How the claims are worded determines whether the patent is broad or
narrow and will affect the strength of the patent. In the UK employment of a patent
attorney 1s not necessary and this can reduce the cost of patenting especially for a

small business owner. However, it is advisable to use this service to save time or

avoid problems that may occur later on.

2.3.2 [Evaluation of the invention for patentability

Before the application is filed, it is advisable for the inventor or TTO to do
some preliminary study of the invention to ascertain if it can be patented or not. This

has various advantages (Foltz and Penn 1990):

o It will save time and money. Patent protection needs a lot of money. Preliminary
study, especially research involving potential markets, will give the inventor

information about the future market and prior art of the invention.
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o The information gained from the study can be used in the development of an

‘Information disclosure statement’.

e Through preliminary study technical information may be obtained that could be
useful in carrying out the technical aspects of work.

2.3.3 Prior Art: a major factor of patentability

Prior art refers to the accumulated, published knowledge of all mankind. It
includes (Foltz and Penn 1990):

e The prior invention of others (technology which is patented, unpatented,
or contained in expired patents)
e Prior commercially available devices

e Prior publications

e Any other prior technical information, which is relevant to the

patentability of the invention.

Prior art is important because it is a major factor in deciding whether an
invention is patentable. To be patentable, an invention must be new and different
from the prior art; this means that the closer the invention is to prior art, the less
chance that it can be patented. Patent laws presume that all inventors have
knowledge of all prior art so inventors cannot argue that they should get a patent just
because they do not know that pertinent, similar prior art existed.

In the US inventors are given a one-year grace period before having to file a
patent application. The right to obtain a patent is lost if the party applying or the
patent:

o describes the invention in a printed publication anywhere in the world

(including the US) more than one year before the patent application, or
o places the invention in public use in the US more than one year before

filing the patent application.

o offers the invention for sale in the US or, in fact, sells the invention in the
US more than one year before filing the patent application.
However, 1in the UK and most other countries, the inventor cannot get a

patent if the invention has been made public anywhere in the world before a patent
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application 1s filed 1n most of the countries (with the exception that if the invention

has been made public in the US.

2.3.4 Patent Infringement

A patent 1s ‘infringed’ when the invention covered by the patent is
manufactured, used, or sold without permission from the patent owner during the
time the patent 1s in force. Infringement often comes about because the exploitation
of an invention requires using technology protected by earlier patents (Foltz and
Penn, 1990). The responsibility for detecting infringement lies with the owner of the
patent that may have been infringed. The patent owner has the right to sue the
infringer in the courts and collect compensation for a past infringement, and obtain

an order from the court to prevent further infringement.

2.3.5 Patent cost

Patenting an invention is very costly. It is normal for inventors to patent in all
countries when the business becomes more globally focused. The decision to file in
many different countries will cost hundreds of thousands of dollars. A single patent
held worldwide for the period of 20 years (from the filing date) will cost an estimated
US$50 0000 to US$100 000 to obtain and US$250 000 to US$S00 000 to maintain
(Jenei, 2005) during the ‘life’ of the patent. Renewal fees have to be paid which
increase every year. In addition, costs will be incurred if there is a need to defend the
patent in court or to take another party to court for legal infringement. Smaller firms
report that they are discouraged from patenting because of the costs of both the filing
and potential patent litigation (Cohen et al., 2000). Larger firms are better able to

spread the fixed costs of applying for and defending patents over greater levels of
output.

2.3.6 Filing globally

One the most difficult tasks involved in filing a patent application is the
selection of countries in which to file the application. Theoretically, a company or
organisation can obtain patents in all countries to prevent others from making or

using that company’s inventions anywhere without licence. In most cases a
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university or a company will want to file its most important inventions worldwide, so
the inventions will provide the company or university with a global competitive
advantage. Nevertheless, the actual selection of countries in which to file the
application will be difficult, because the cost of the patent increases many times over
the initial cost of filing in the home country (Knight, 2001).

Knight (2001:162) suggests that in deciding to file globally or not, three

factors should be taken into consideration:

1) The competitive value of the patent

i1) The competitive value of the country

i11) The market value of the invention.

Knight (2001:167) gives some guidance as to which countries patent for an

invention should be applied for

1. For inventions that would be used in new products, patents should be filed
where the market presence of the product is targeted/desired, especially in
the biggest market of the product. Any infringement of the patent would
make the technology more prominent in these markets, thus, making the
copying or selling the patented technology more difficult.

2. If the invention is a new process or new machinery used to make a new
product, and the use of the process could be detected in the product, then
patent protection for the new process or the new machinery should be
applied at the same countries where patents had already been requested
for the products.

3. If the invention is a new process or new machinery which is used to make
a product, and the use of the process or the machinery cannot be detected
in the product, then the patent for the invention should be applied for
globally to restrict competitors from using the new invention anywhere in

the world without the inventor’s permission.

These guidelines for new inventions or new processes or production
machinery are basically guides for the enforcement of the patents. Bearing this in
mind, for processes or production machinery whose use can be detected in the

products, patent protection in the countries where the product 1s marketed are

adequate, but otherwise, only worldwide protection would suffice.
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Another important consideration is the duration of the future market potential
for any new invention, such as for the next 20 years. All tools to ascertain market
potential such as population forecasting, purchasing forecasting and general
economic trends should be used. Today, the majority of patents are filed in three
major Patent Offices, the United States, Europe and Japan. Japan and the US will
continue to be popular filing countries for many types of technology (Knight, 2001).

2.4, PATENTING BY UNIVERSITIES
2.4.1 Trends

Governments recognise universities to be a central player in the national
innovation system. They encourage universities to become more actively involved in
commercialisation activities. As we noted in chapter 1, this has led to most
universities to change their paradigm towards the commercialisation of their research
activities by seeking to license their patents to established companies or to spin-off
companies, and engage in joint sponsored research or contract research with

industrial partners (Mowery and Sampat, 2001; Mowery and Ziedonis, 2002;
Mowery et al., 2002; Mowery, 2005).

This shift to a more entrepreneurial university has given new impetus to
university patenting and licensing activities. The number of patents from universities
Is Iincreasing every year and the number of universities involved in patenting and
licensing activities has increased remarkably (Henderson et al., 1998; Etzkowitz et
al.,, 2000; Mowery et al., 2001; Mowery and Ziedonis, 2002; Mowery et al., 2002;
Etzkowitz, 2002; Mowery et al.,, 2004; Mowery, 2005). Patenting and licensing
activities by US and Canadian universities are far ahead compared to the UK
universities. This is because commercialisation activities in the US were started
immediately after World War II (Etzkowitz, 2002), whereas the ‘entreprencurial
university’ era in the UK only began in the 1990s (Gray, 1998). Indeed a survey in
2004 found that 46% of responding institutions in the UK had no patents granted and
only 12% of the institutions had more than 20 patents granted per year (UNICO,
2004). Only 6% of the institutions had an expenditure on IP management of more
than £500,000 and 21% had no expenditure for this item (Pressman, 2004). The
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consequence is that the number of patenting, licensing, and spin-off activities in the

UK universities 1s far smaller compared to US universities (Table 2.1).

Table 2.1: UNICO and AUTM survey (2004): total number of patent, granted

patent, licensing income and spin-off in the UK, US and Canada universities and
research institutions).

UK Universities
2003

Total number of patent filing 721 729
441 438
1474 b 1.414b

Licensing income (averageper | 315k (£) | 277k (£)
institution) (USH) (USS$)

Total Spin-off company formed | 189 | 130 | 462 374

US Universities

13 803 13 280
3 680 3 933

US universities are creating more licensing income relative to their research
income than UK universities. For every pound of licensing income made by US
universities, they have around £36m of research income. However, for every pound
of licensing income made by UK universities, they have around £102m research

income. UK universities are creating more spin-off companies relative to their
research income than US universities. For every spin-off company produced by UK

universities, they have around £11m of research income. While, for every spin-off
company created by US universities they have around £50m (UNICO, 2005).
However, various commentators have suggested that UK universities have

encouraged too many spin-offs with limited growth potential (Levie et al., 2003;
Lambert, 2003; Davis, 2003).

2.4.2 The problem to disclose the quantity of the inventions

Patents are the stock of inputs for a university to license its technology:.
Disclosures from faculties are crucial in order to populate this stock. However, to get
the faculty to disclose their inventions is difficult. According to US research, only
half of all inventions in universities are disclosed to TTOs (Thursby et al., 2001,
Jensen and Thursby, 2001; Jensen et al., 2003). Moreover, majority of the inventions
are on at embryonic stage (75% at proof of concept) and only 12% were ready for

commercial use. The consequence is that less than half of the inventions were

licensed (Jensen and Thursby, 2001).
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Inventions disclose at embryonic stage may indicate their low quality®. Jensen
et al. (2003) has reported that higher quality® inventions might not be disclosed to
TTOs. The inventors might publish the result or might circumvent TTOs as Siegal et
al., (2003) reported. This is because 90% of industry contracts with universities,
industry sometimes included ‘delay of publication clause’ (following Thursby and
Thursby (1999) in Thursby and Thursby (2002). This is also the reason that higher
quality faculties such as engineering and higher ranked academics disclosed poor
quality inventions. Moreover, faculty specialising in basic research may not disclose
because they are unwilling to spend time on applied research and development as
requested by industries who license the technology (Thursby and Thursby, 2002;
Jensen et al., 2003). Quality of invention affects the royalty rate received by a
university. Late stage technology receives higher royalties rate when licensed. This 1s
why one of the reasons universities includes sponsored research in a license
agreement if a new technology is at early stage of development (Thursby et al.,
2001). To induce inventors’ involvement and disclosures, royalties and equity to tie
the inventors are crucial. Running royalties and small up front fees may be given
according to the stage of development and for uncertain technologies.

Inventors who disclose their inventions, the first intention is to patent and
commercialise their inventions (Roberts and Peters, 1981). According to Owen-
Smith and Powell (2001), inventions are disclosed is based on three factors: 1) the
inventors’ perception of the personal and professional benefits of patenting; ii) the
inventors’ perception of the time and cost of interacting with TTOs; and iii) their
immediate environment, i.e. general view of technology transfer. The study
suggested that the decision to disclose patentable knowledge follows a cost benefit
analysis. If the cost exceeds the expected benefits, the researcher will rationally
reject patenting. The researchers will decide to disclose because they perceive
positive personal (pecuniary and curiosity) and professional (prestige, validation of
basic research) outcomes from patenting activity. The cost structure includes: 1) a

negative experience of past patenting by the researcher, ii) a negative view of the

* Very carly stage inventions or patents that do not give any sign of effect or potential value.

* Early or later stage inventions or patents that intended results have been proposed or reliable, and
repeatedly reproduced.
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level of expertise in the university technology transfer offices; iii) a negative view of
the quality of interactions with the university technology transfer offices.

The decision of researcher to disclose inventions is also influenced by their
peers group. Bercovitz and Feldman (2004) reported on their study of 15 departments
from two medical schools of Duke University and Johns Hopkins University for

academic years 1991-1999, Disclosure behaviours for academic years in 1996-1997

and 1998-1999 were examined. A researcher’s decisions to disclose his/her invention
depends on the norms at the institution where the researchers were trained, as well as
the disclosure behaviours of their department chair and peers. Individuals are more
likely to disclose their inventions if they were trained at institutions that have long
established and relatively successful technology transfer operations and experience.

They are more likely to disclose the inventions if they see their peers in the same

academic rank disclosed.

2.4.3 Evaluation and selection problem

Once an invention is disclosed to a TTO the next step is for the TTO to
access 1ts commercial potential. However, many universities in the US and the UK
do not implement a systematic due diligence process during the selection stage
(Vohora et al., 2003; Lockett et al., 2005). At this stage, precise identification of
which disclosures need patent protection is important (Vohora et al., 2003; Lockett et
al., 2005). Universities typically do not practice this system because most of
university technologies are at an embryonic stage, and therefore of certain value.
However there are some universities that practise this kind of system, though the
actual practice differs between universities. A comprehensive systematic selection
process has been suggested (Meseri and Maital, 2001; De Coster and Butler, 2004).
For example, Meseri and Maital (2001) suggested 20 criteria for selecting a project
for technology transfer offices in Israel. The selection criteria are in accordance to
the practice being used by MIT and private sectors. The six factors that were scored
were market needs, market size, existence of patent, success for R & D stage, level of
innovativeness and degree of maturity of the idea. However, the study did not show
how to calculate the total score to identify which project should be prioritised. In

contrast, De Coster and Butler (2004) demonstrated how to calculate scoring marks
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to university projects, which looked at a various aspects as practiced by private

sector assessments. But the calculation of the score is not a straight forward and is a

complicated exercise.

The existence of a scoring system could help university TTOs to provide
clearer process of selecting and prioritizing projects to commercialise. However this

system 1tself 1s insufficient if TTOs staffs are not sufficiently knowledgeable about

technology and business. The system is also not effective if the inventors have no
entrepreneurial characteristics or lack of the motivation to commercialise their
inventions.

If a university has difficulty in accessing financial and managerial resources
to assist start-up from the early period, it may practice a selective and supportive
strategy to patent or licensing to spin-off or small firms (Roberts and Malone, 1996;
Degroof, 2002; Degroof and Roberts, 2004; Powers and McDougall, 2005). It was
found that selectivity and entrepreneurial density are significant and positive
predictors of the number of licenses exploited through spin-off or small companaies. It
was found that a policy of selectivity appears to have differential benefits depending
on the nature of their external environment for entrepreneurship. In countries or
regions with entrepreneurial density (highly access to venture capital, access to
expert in science and technology, patenting, and R & D activities) universities can
adopt low selective and low support activities. ‘Picking winners’ is left to the
external environment such venture capitalists to select (Degroof, 2002; Degroof and
Roberts 2004).

On the other hand, in regions and countries with low entrepreneurial density,
universities need to employ high selectivity and high supportive strategies to their
patent and licensing activities. However, no evidence that royalty flows related to

support or entrepreneurial environment was found.

2.4.4 Influences on the decision to patent

Economists and scholars give a number of reasons why inventors patent their
inventions. Patents are recognised as important to safeguarding intellectual property
and allow inventors to internalise the benefits of their investment by excluding

benefit to others, securing return on investment, and encouraging future
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technological innovation (Knight, 1996; Mazzoleni and Nelson, 1998; Knight, 2001;
Lydia, 2001; Hellmann, 2005; Blind et al., 2006). Industry prefers patented
technology before they license it to prevent competitors (Knight, 1996) from
working on the same technology. They need monopoly power before they exploit the
technology (Knight, 1996; Mazzoleni and Nelson, 1998; Knight, 2001; Lydia, 2001;
Hellmann, 2005; Blind et al., 2006). In addition, patents could prevent the

duplication of research, and allows newcomers to build on the knowledge of their
predecessors (Lydia, 2001). Academics will patent their inventions if the cost of
patenting is lower than the benefits, taking into account their perception of the time
and resources cost of interaction with TTO (Owen-Smith and Powell, 2001). If the
cost is higher than the expected benefit, they will not patent the invention. The cost 1s
higher when they consider the TTO to be inflexible. Organisations will patent the
invention if a licensee in the technology is already identified (Craft et al., 2000).

The influence on the decision whether to patent or not can be split into

external and internal factors:

. External influences

External influences are mainly based on technology factors. Technology

factors can be divided into the costs to patent and the cost of developing the

technology, which in tumn is related to the characteristics of technology, maturity of

technologies, commercial potential of technologies and technology monopoly.

o Costs to file for patent application

The patenting process involves very high costs and all universities have
limited budgets, for filing patents (Siegal et al., 2003b). As noted earlier, patent costs
are greater if universities are looking for worldwide protection. These costs cover the
preparations for patent applications, which include patent searches, preparation
disclosures, legal advice, translation costs, and submission fees. Once the patent 1s
granted, maintenance fees have to be paid, and further spending is incurred to obtain
foreign patents based on the original application in the home country (Knight, 1996;
2001). This may involve high costs as the application may require translations and

adoption to each country’s law that the application is made. The most significant
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costs are those of patent agents and patent lawyers, and the documents required for

the filing of the applications. By comparison, the fees payable to the patent office are

small.

e Cost to develop the technology

Another cost that may be more important and substantial, and could atfect a
decision to patent is the cost of bringing the technology concemed to the market
place. This requires the researcher or inventor to accurately estimate the stage of the
technology with respect to market readiness to accept it. Some technologies are not
patentable until they have been developed further and produced some promising
results that fulfil a patent application. Researchers in this position will need more
money to develop the products further. Industries are generally not willing to sponsor
very early research with uncertain markets (Thursby and Thursby, 2000; Thursby et

al., 2001; Thursby and Thursby, 2003; Markman et al., 2003; Shane, 2004; Markman
et al., 2005a).

e Characteristics of technologies.

Bringing new technologies to market may require substantial investments.
This is certainly true especially for biotechnology which requires specific test and
trials drugs (Henderson et al., 1998; Mowery et al., 2001; Goldfarb and Henrekson,
2003). In this situation, universities have to build strategic partnerships with
industries that are interested in seeing the technology patented. The industry should
be able to gauge the market potential and the value of the technology. This 1s because
industries have expertise in particular fields and experienced staff and may be able to
see to the future of the technologies. In turn, they should be willing to sponsor
specific research activities to bring the technology to the marketplace (Shane, 2002;
Henderson et. al., 1998). These specific activities result in more patents and will
bring more revenues, as they are more market specific.

Research has showed that patenting applications are very active In
biotechnology and new dmgé and less active in engineering. This is mainly because
biotechnology and new drugs will result in new markets which are potentially huge,

while new engineering technologies mainly deal with improvements, thus, have to
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contend with older technologies which may be cheaper in the market place (Thursby
et al., 2001; Coupe, 2003; Saragossi, 2003).

Owen-Smith and Powell (2001) reported similar results in their studies
between life science and physical science at EPU (Elite Private University) and BSU
(Big State University) in US on their patenting activities. The decision to disclose the

invention and whether to pursue a patent varies between life science and physical

science. Life science inventions have larger and potential new markets and will gain
high returns on IP. In contrast, physical science normally will enter established
markets where established products already exist and this impedes the university’s
ability to gain revenue from IP. The effect is to reduce the incentive to patent the
technology in physical sciences. Furthermore, according to Owen-Smith and Powell
(2001), physical science research typically involves improvements on established
process or products. Patents are only used to develop relationships with industry and
as exchange to access to equipment or other opportunities. Thus, physical scientists
are less concerned about patent royalties or finding the right licensee and so favour
non-exclusive patent agreements.

In contrast, inventors in life science involved with technologies such as
therapeutic or medical devices, view patents as tangible properties to be protected
and sold. Life scientists also expect personal gains from patent royalties, and so are
very protective of their patent when they seek rent. Universities, which are involved
with life science research hope that one day they will come out with a ‘big winner’
invention that will give them a substantial return (Blair and Hitchen, 1998). This
explains why the empirical evidence shows that most of the patents from universities
are in the life sciences (Mowery et al., 2001; Mowery and Ziedonis, 2002; Mowery
et al., 2004; Mowery, 200S5; Stephan et al., 2006).

In the case of high technology industries, such as computers, semiconductor
and aircraft industries, patent protection is not very effective. Companies tend to try
to gain market share by increasing sales and giving a good service to stay ahead of
competition (Mazzeloni and Nelson, 1998). For example, the majority of computer
software mventions from Columbia University (83%) were never patented (Mowery

et al, 2001). Industries with little R & D and without proprietary advances in
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technology also reported that patents were not effective for them (Mazzelon: and
Nelson, 1998).

e Maturity of technologies

The stages of maturity of the technology will also influence the decision
whether or not to patent. Some universities are not interested in filing the inventions
when the technology is at very early stage, unless that technology attracts industry
interest. Developing such technology further, may involve a huge cost and in the
absence of support from industry, the technology may not be filed at international
level. Technology that has attracted interest from industry because it gives them
competitive advantage will encourage the inventor to patent the invention even
though it is still at an embryonic level to protect it from competitors before they
license the technology. For universities, these types of technologies will extract
generous funding from industries or additional funding from existing sponsors.
Universities will normally provide an exclusive license in order to give a monopoly
to industry to exploit the patent successfully without fear of infringement from others

(Mazzeloni and Nelson, 1998). The invention is easier to patent 1f 1t at an earlier

stage, the inventor can find a sponsor who can fund the development research. If they

are unable to do so, they might prefer to publish the results to gain publication

reward from the university.

e Commercial potential of technologies.

Colyvas et al. (2002) found in some cases that industries used a technology
before they patented it. In special cases, where the invention has high and urgent
potential market value, some of industries ‘booked’ the technologies and developed
it before they patented it even though the invention was still at the embryonic level.
It is simply because it was profitable to do so. One example is biotechnology
research tools for producing commercial protein, which were being used by industry
before a patent was ever granted and even without the involvement of the TTO
(Technology Transfer office).

However, not many companies are interested in highly advanced technology,

on account of the high cost of bringing it to market and the slow initial return. Thus,
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new highly advanced technology, which is at a very early stage of development
rarely gets patented (Mazzeloni and Nelson, 1998). Sometimes these technologies
get special protection from the government for strategic reasons, such as aircraft and
defence technologies.

Most university technologies are at the embryonic stage (Thursby and
Thursby, 2000; Thursby et al., 2001; Thursby and Thursby, 2002; Jensen et al., 2003;
Thursby and Thursby, 2004) and its potential value at the time TTOs or when
inventors decided to patent (OECD, 2002) is unknown. Other technologies that are
not attractive for patenting are those with a short life cycle, which require low initial

investment and those that customers regard as of low value, such as plastic products
(Paul, 2002).

e Technology monopoly

Large organisations patent their inventions in a particular field to gain
monopoly power in that particular sector. It will normally aim for a broader scope of
patent rather than a specific narrow one in order to block rival patents for related
innovations and to prevent others from copying the inventions (Cohen et al., 2000,
Shane, 2001; Blind, 2006). Monopoly of technologies gives the patent owner a
substantial potential income, thus, recouping their R&D expenses and bringing more
funds for further research.

Obtaining a monopoly for certain technologies may be positive for the
companies or universities to conduct research in particular technologies. On the other
hand, a patent monopoly will exclude others from that particular ficld with the
consequence that it will slow down the development of that technology at the cost of
society at large. Products from the monopoly may also be very expensive (Mazzelont
and Nelson, 1998). It also restricts future and alternative developments of inventions

based on the same technology foundation. Other inventors who want to get involved

within the same field will need cross-licensing or special permission, which could

stifle creativity.
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ii. Internal influences

e Publish or Patent?

Traditionally, the standing of an academic depends on the quality and the
number of his/her publications, normally in refereed journals. In UK universities
inventors prefer to publish rather than to patent (Decter et al., 2007) which might
hinder the process of university commercialisation. Patent Legislation in the UK
1inhibits mventors from seeking patent protection if the invention has already been
published. In which case the invention would be considered a prior art. The absence
of patents reduces the chance of inventions to be exploited, especially in the
biotechnology field. In the UK 90% of academics agreed that they were more
focused on publishing to boost their research assessment exercise score rather than
applying for patents for their research (Hughes, 2006). It was further reported that 26
% institutions have not, adopted a formal exploitation policy and 28 % have not
prepared standard license agreements (Hughes, 2006). Agrawal and Henderson’s
(2002) study of two departments in MIT supports this view. It was noted that
publication is a much more important activity than patenting for academic.

However, recent studies show contradictory findings. For example, Elfenbien

(2005) studied inventions disclosures of more than 2000 technologies, invented by
faculty members of Harvard University in US between 1974-2003. The results show
that a larger number of publications are associated with a higher chance of licensing.
Publications show that a strong academic reputation is a good predictor or wether or
not a technology can be licensed. A further study by Markewic and DiMinin (2004)
in the US using the NBER patent database in 1995 shows similar results. Data on
patents and publications for all faculty members (inventors) were examined. The
result indicates that publications and patents increase simultaneously, and papers
which are published in the year of a patent application, were cited more heavily.
However, these studies have been conducted in the US, which is a different
environment from the UK. In US the inventors have one-year grace period to publish
their invention before seeking for patent protection. In the UK as mentioned earlier,
once the invention is published, it cannot be patented and normally industry refuses
to give funding for further development. With Bayh-Dole Act in the US and the
devolution of the British Technology Group (BTG) monopoly, more universities
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have started to take a more active role in protecting their intellectual properties
rights. Some academics feel there is a conflict of interest between their traditional
function and the commercialisation effort in universities (Blair and Hitchen, 1998;
Etzkowitz et al.,, 2000). In US universities, more than 70% of faculty members
favour a policy of rewarding ‘research credit’ equivalent to rewards on publications

(Lee., 1996). In the same survey 72% accepted a more user oriented applied research,

and a strong majority of 64% support the university in expediting commercialisation
of research by developing the necessary institutional infrastructures. Particularly in
countries other than the US, commercialisation activity should be taken into account

in the promotion exercise to avoid inventors publishing their findings (Tornatzky et

al., 1999; Ndonzuau et al., 2002; Siegal et al., 2004).

e The perception roles of the TTO by the inventors.

Many universities in the US and Europe have established technology transfer
offices (TTOs) with professional staffing to facilitate and speed-up the process of
commercialisation of their technologies (Bower, 1992; Blair and Hitchen, 1998;
Mowery et al., 2001; Mowery et al., 2002). Coupe (2003) reported that universities
with TTOs have 45 percent more patents than equivalent universities without a TTO.

One of the roles of the TTO is to act as an intermediary between faculties and
industries to commercialise research result. The TTO fosters and facilitates faculty to
disclose their inventions, help them to patent and to protect their Intellectual Property
rights (IPR) (Owen-Smith and Powell, 2001). The TTOs should play a proactive role,
have an adequate number of experienced staffs to facilitate the faculty to identify the
technologies that have potential commercial value, and guide the faculty in order to
get their IP protected. In addition, the TTO works with venture capitalists, business
angels and is a mentor for those who have the intention to form a spin -off company.

To fulfil these roles, it is a normal practice for the TTO to patent an invention
before getting it to market. The process starts with the disclosure in the form of a
patent specification through a Patent Agent to Patent Office. The role of the TTOs
here is to give guidance and encouragement to the academic so that the process of
disclosing the invention and patenting can be smooth (Mowery et al.,, 2001). The

TTO should build strong relationships with researchers and continue to strengthen
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networking with the industry (Colyvas et al., 2002). If such relationships are built
successfully, then more quality disclosures may get patented due to early
identification of potential market and potential licensees (Mowery et al 2001; Owen-
Smith and Powell 2001). Without that relationship, the probability of an invention to
be licensed may be reduced. Alternatively, the invention might get patented but

could not be licensed due to its low quality, as after the introduction of the Bayh-

Dole Act in early 1980s (Henderson et al., 1998, Mowery et al., 2001, Mowery and
Ziedonis, 2002).

Patent applications also depend on how universities or TTOs create
supportive, effective and conducive environments that support faculty perceptions to
the benefit of patenting and minimizing conflicts between basic science and
commercial activities (Owen-Smith and Powell, 2001; Saragossi, 2003). According
to Owen-Smith and Powell (2001), the faculty decision to disclose their invention
when they get benefits is greater than the cost of interacting with the TTOs. This
includes incentive, and ‘hassles and difficulties’ time dealing with TTOs. A TTO
with a successful track record and has a good track record in patenting and licensing
will encourage the faculty to disclose their inventions. The TTO encourages staff to

patent when there is a company interested in licensing the technology at the

beginning of the project.

e Strategic reasons

Universities also use patents for strategic reasons. As noted earlier,
universities have changed their role to become more entrepreneurial (Etzkowitz et
al., 2000; Etzkowitz and Leydesdorff, 2000; Etzkowitz, 2002; Etzkowitz, 2003) thus,
patents are perceived as an asset to the university that can be traded, making it
important for universities to patent their intellectual properties to obtain rent.
Furthermore, universities are competing against each other to gain funding from
industries and government. Empirical evidence shows that increasing funding will
see an increase 1n patent applications and vice versa (Coupe, 2003). Thus, patents are
an increasingly important instrument for securing a position in joint efforts to

conduct research that could generate knowledge, secure competitive advantages,
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enhance reputation, negotiate revenue from cross licensing, and performance of an

organisation (Cohen et al., 2000; Blind et al., 2006).

e University prestige

The higher the number of patents that a university has indicates high R & D
performance and gives a signal to the industry to conduct research with the
university. Lee (1996) confirms this view. R & D expenditure and the institutional
prestige of universities are correlated with the decisions of academics whether to
patent their inventions or not. The higher the budget the higher R & D activities and
this could lead to increase of inventions and patents (Coupe, 2003). The prestigious
universities get more funding from governments as well as from industries (Binks et
al., 2005).

According to Owen-Smith and Powell (2001) when high profile research is
conducted, more academics will seek to protect their inventions. In reality, higher
quality research 1s more likely to be contacted by industries and may result in the
academic staff seeking to circumvent TTOs by engaging in informal consulting work
with industry. Inventors are likely to circumvent the TTO when they are not satisfied
with TTO offices (Owen-Smith and Powell, 2001; Siegal, et al., 2003; Audretsch,
2006) limiting disclosure to low quality inventions (Jensen and Thursby, 2003).

2.5. COMMERCIALISING STRATEGIES

Poole and Moore, (2002) defined commercialisation as the act or process by
which intellectual property generated in public sector research institutes and
institutes of higher education is taken to market or exploited within a commercial
setting. It involves the outsourcing of R & D, consultancy and training, patent and
license agreement and spin-off company formation. The process should generate
value added in the economy and generate funds flow back to the university. Kneller
(2001b) suggests the commercialisation process of academic inventions will come
under one of the following arrangements, which normally involves transfer of IP

rights or patent rights:

1. collaborative or sponsored research agreements to develop new

information or technologies;
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1.  licensing or assignments of pre-existing technologies; and
1. formation of spin-off companies or start-up companies that are usually

financed by venture capitalists

2.5.1 Licensing

Licensing is the traditional and most common method of commercialising a
technology from university to industry (Siegal et al, 1999). A license is a contractual
agreement between two parties, the holder of the right or licensor (the seller), and the
licensee (the buyer), authorising the latter to use their right either exclusively or
otherwise. The licensee will make payment to the licensor usually in the form of
royalties. The night is thus, conferred temporarily to the licensee to exploit the
invention. The nght itself remains within the jurisdiction of the original licensor

(Foltz and Penn, 1990).
In the context of technology transfer, Reamer et al. (2003) identifies two

routes to the licensing or sale of intellectual property:

“Traditional licensing or sale-owner of technology transfers
certain intellectual property rights to outside business in

exchange for certain benefits, usually financial”.

“Spin-off-technology organisation licenses intellectual
property to the in-house developer of the technology, and so
enables the developer to found a new business”.

2.5.2 Spin-off definition

The term ‘spin-off’ is contested and inconsistent, often referring to any new,
high technology or knowledge intensive company whose intellectual capital is
originates from a university or public research institution. Some institutions refer to
such companies as spin-offs, while others use the term campus companies, or
university start-ups. Some authors consider the terms as having the same meaning
(Blair and Hitchen, 1998; Steffensen et al., 1999) while other authors use the terms
differently. Some definitions restrict the term to those firms where the intellectual
property of university is formally transferred to the start-up firms (e.g. example
Shane (2004), Pimay et al. (2003) and Lockett et al. (2005). OECD (2001) defined

spin-offs would be having one of the following characteristics:
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1) Any new firm which includes a public sector or university employee as a

founder.

ii)) Any new firm which licences technology from a university or public
research institute.

111) Any new a firm in which a university or national laboratory has made an
equity investment,

Smilor et al. (1990) defined spin-off companies in two ways:

a) the founder was a faculty member, staff member, or student who left the
university to start a company or who started a company while still
affiliated with the university,

b) a technology or technology based idea developed within the university.

A recent definition by Nicolaou and Birley (2003) defined an academic spin-

off as the formation of a new company that involves the transfer of a core technology

from an academic institution into the new company. Founding member(s) may

include the inventor academic who may or may not be currently affiliated with the

academic institution.

In addition, they also broadened the definition of university spin-off as:

e An orthodox spin-out involving both the academic inventor(s) and the
technology spinning out from the institution.

e A hybnd spin-off which involves the technology spinning out and the
academic(s) retaining his or her university position, but holding
directorship, membership of the scientific advisory board or other part
time position within the company.

e A technology spin-off which involves the technology spinning out but the
academic maintaining no connection with the newly established firm.
However, the possibility of the academic having equity in the company
and/or offering advice on a consultancy basis is not discounted.

OECD countries (2003) adopted a broader definition: i) a new firm with

whose start-up includes a substantial contribution of knowledge recently developed

in a PRO (Public Research Organisation) and ii) this knowledge is protected by IPRs

that are either licensed or transferred to the firm. This definition does not require the

direct involvement in the spin-off firm or staff or former staff of PRO.
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In this thesis the definition of a spin-off is adopted based on the broadened
definition introduced by OECD (2003), which is;

“a new firm with whose start-up includes a substantial
contribution of knowledge recently developed in a university
and this knowledge is protected by IPRs that are either
licensed or transferred to the firm. This definition does not
require the direct involvement in the spin-off firm or staff or
former staff of a university”

e The importance of spin-off

As mentioned in Chapter 1, university spin-offs are important in producing
cutting edge technologies from software to medical devices, communication
equipments to biotechnology. Companies like Cirrus Logic, Genentech, Lycos, in the
US (Shane, 2004), Connaught Laborotories, MacDonald Dettwiler, Develcon and
SED Systems in Canada (Doutriaux and Barker, 1995) and TurboGenset from
Imperial College in the UK are examples of successful spin-offs (Charles and
Conway, 2001). Chiesa and Piccaluga (1998) pointed out that one important
contribution of spin-off entrepreneurs is to take technologies/prototypes that are
often shelved in research institution and apply them to industrial related issues.
Stankiewicz (1994) contends that spin-offs should be viewed from a systematic
standpoint as elements of a *knowledge industry’ and pointed out that spin-offs are a
heterogeneous group of firms. He points out that what is usually spun-off from
universities are not technologies as products but R & D and problem solving
capabilities. He describes two modes of spin-off activity, where the application of
this type of competency is a patent: consultancy and R & D contracting mode:
technological assets-oriented mode, in which firms are exclusively ‘concerned with

the development of technologies which are subsequently commercialised, through

spinning out of new firms, licensing, joint ventures or other types of alliances
(Stankiewicz, 1994:102).

According to Shane (2004), university spin-offs are important in five ways:
1) they encourages economic development by producing innovative products that
satisfy customer need; 2) generate significant economic value; 3) create jobs; 4)
induce investment in university technologies; 5) and promote local economic

development. In developed areas such as Boston, spin-off companies and other
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related activities contributed $7.4 billion to the regional economy and provide for
about 50,000 university employees and 37,000 workers in related areas who
emanated from 8 universities (Boston Report, 2003; Simha, 2005). In less successful
areas such as Newcastle in North-East of England, and Twente in Netherlands
(Benneworth and Charles, 2005), spin-offs also play a significant role to develop
their local economic. In the Newcastle area, around 5,000 people are employed by
university spin-off companies created in the past 20 years. The companies originated
from the university in that area are conducting research with the university through
joint and contract research projects. The University of Twente helped to rebuild the
Twente economy after the decline in its textile industries. Spin-offs from the

university have created 3000 jobs in the past 20 years (Boston Report, 2003).

2.5.3 A brief process of decision making on selection routes

The process of commercialisation begins with a faculty member reporting a
discovery to the TTO office which she or he believes has commercial potential. The
TTOs use information provided by the inventors to discuss the possibility for a patent
and the exploitation of the inventions. Normally it ends with the deciston to reject the
proposal or proceed with a number of option: licensing to establish company, spin -
off company, joint venture and an assignment (McAdam et al., 2004). The decision 1s
often linked with funding availability. If licensing to an established company is
decided, the license agreement will be signed with the TTO after a series of
negotiations. Prior to negotiations, the informal contact would be initiated by
inventors or through the TTO by formal contact. Most of the technologies are
transferred to established companies through these mechanisms (Harmon et al.,
1997).

If a spin-off company is chosen as the exploitation route, the TTOs along
with the inventors will normally reconfigure the opportunities from their research to
1dentify vanious applications of the inventions to finalise new ventures and the ideas.
As Vohora et al.,, (2003) pointed out, the process of the development of spin-off
companies go through five stages: 1) the research phase; 2) the opportunity framing
phase; 3) pre-organisation phase; 4) the reorientation phase and 5) the sustainability

phase. In order to develop, at each stage the spin-off company is faced with several
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critical junctures which relate to resources, capabilities and network ties. Four critical
junctures are 1) opportunity recognition; 2) entrepreneurial commitment by a venture
champion; 3) attaining credibility in the business environment; and 4) achieving
sustainable returns within their perspectives markets. A firm is considered to be
sustainable if it is not able to move to another stage within a certain period of time.

According to McAdam et al. (2004), the spin-off process or business building
process, can be divided into two phases; pre business plan and post business plan. At
pre-business plan stage, there is a need for concurrent technology development and
prototype and business development. This requires mentoring, marketing, business
management, team management and financial management associated with the
technology aspects and business plan. In-depth business and management help 1s
required for the post business plan period.

The important resources in forming a spin-off company are financing and the
entrepreneur (Roberts and Malone, 1996). To overcome financial problems, Harmon
et al. (1997) suggest that, the technology which was invented in the university lab
can be sold to: 1) a venture capital company; 2) a private firm that initially developed
the technology, but the firm seeks out the university to assist in the areas where 1t has
needed expertise or; 3) a new company that is created to exploit the technology if
funding is available.

Roberts and Malone (1996) and Shane (2002) identify four principal parties
involved in the spin out process: the technology originator, the entrepreneur, the R &
D organisation and the venture investor. The interaction between these parties vares
and five different models for the above actors were proposed. The first model
assumes independence between the four principal groups while the second describes
the situation involving an entrepreneurial technologist. The technology originator has
the role in providing the technology and the TTO role is to seek for licensees to find
entrepreneur from within or mostly outsiders, which is regarded as technology push.
The second model was the technology originator as an entrepreneur or a group of
entrepreneurs. This model is claimed as the most successful model implemented by
MIT and Stanford University and increases the business pull. The third model
involves both an entrepreneurial inventor and an internal venture capital fund. The

fourth scenario involves an internal venture capital fund but distinguishes between
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the inventor and the entrepreneur, while the fifth model assumes the provision of
venture capital by the entrepreneur.

At the same time when the company is launched, seed money for product
development is sought through the above models to transform the project to
prototype stage or a genuine entrepreneurial project. The university or venture
capitalist will decide who should lead the company: either the inventor if she/he
committed full time in the company, a CEO appointed by venture capital firm or
surrogate entrepreneurs appointed by the university.

The final stage sustainability involves the consolidation and strengthening of
the economic value created by these firms (Vohora et al., 2003). The detailed process

from the practical TTO point of view will be explained in Chapter 4.

2.5.4 Licensing vs spin-off

Empirical evidence shows that university spin-offs (USOs) play a crucial role
in the development of their local economies. The firms are providing job
opportunities and stimulating local economic development. However, some
commentators suggest that their economic impact is exaggerated (e.g. Malecki, 1997,
Lambert, 2003). Some academics prefer university to focus on consulting and
traditional technology transfer activities (such as licensing and contract research)
rather than forming spin-offs, which are risky and divert them from their traditional
roles in the university. Some have argued that spin-offs and licensing activities have
been skewed 1n favour of elite universities and particular regions but in general their
Job creation is not proven (Harmon et al., 1997).

However, there is considerable evidence that spin-off businesses benefit their

local regions. The evidences are:

1) Creation of jobs for high tech workers, paying good wages, leading to job
and wealth creation and promoting entrepreneurship (Olofsson and

Wahlbin, 1993; Rogers et al., 2001; Etkowitz, 2001).
11) Building technological and client knowledge in building new networks to

access finance, sales, and marketing (Dahlstrand, 1999).

40



ii1) Retain close relationship with the parent organisation, through equity
holdings, incubators, technological transfers, recruitment and research
collaborations (Dahlstrand, 1999; Bray and Lee, 2000; Shane, 2004).

iv) USO(s) are becoming sources of entrepreneurs whose technological

entrepreneurship can transform the wider regional economy (Etkowitz,
2001).

v) Becoming sources of technological spillovers, which can promote and
shape the emergence of regional technology cluster (Di Gregorio and
Shane, 2003).

vi) Stimulate business support services and infrastructure, benefiting other
start-ups (Lockett et al., 2003).

Empirical evidence suggests that the advantages of spin-off outweigh the
disadvantages (Table 2.2). The advantage of licensing a patent to a spin-off company
is that a university can control its technology development and its applications
compared to licensing to outside firms. Exploitation of technology through spin-oft
companies will benefit the university and their students in the form of new and
advanced knowledge. If the technology was to be licensed to other company, the
development and its secret will not pass down easily to outsiders even though the
technology was originally from university. Latest technology could be accessed

easily (Science Council of Canada 1985, Blair and Hitchen, 1998) by students who

may be do research for the companies. Students are likely to be more predisposed
towards R& D and technological innovations as well as more exposed to university
intellectual properties, in the form of patent and technology know-how (Blair, 1998).
The university can control a licensee through equity, incubator facilities, and
continuous research collaborations.

The disadvantage of spin-offs is that the company needs the full time

commitment of the inventors to ensure company performs well and succeeds.

Inventors have no need to play this role if patents are licensed to established
companies. Spin-offs are risky because they are involved with the embryonic stage of
technology (Thursby et al., 2001) and need a high commitment from academic staff.
The commitment and involvement of the inventors are required in the process of

spin-off formation and product development. Universities that do not allow their
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academic staff to be involved on a full time basis in their firms, suggest that

surrogate entrepreneurs are used (Lockett et al., 2003). Firms could be managed by a
surrogate entrepreneur (Radosevich, 1995; Franklin and Wright, 2000; Lockett et al.,
2003b), or the mnventor could be in the board of directors of either the ‘technology
spin-off’ or the ‘hybnd spin-off’ and maintain their academic post as suggested by

the Nicolaou and Birley (2003) model. This overcomes the brain drain of academics
to industry.

Table 2.2:  Pros and Cons of licensing to spin-off and to established company

Licensing to new Spin-off Licensing to established company

University cannot control
the technology

Lack of technical skills
and knowledge to marrow
down the market.

University can control the
technology that licensed.

Further development of
the technology that
initially invented from the
university not benefited
to universi

No special business skills
require

Continuous relationship
with parent organisation

Need high commitments
and need special skills of
the inventors and TTOs

The licensing companies
may not be local, thus,
any commercialisation
would not benefit local

The inventors would not
be explosed ©

entreprencurial activities
and experinces

More commitment from
the inventors.

Inventors may leave
universities. Department
will loose good staffs
when the inventors work
full time in the company

In certain circumstances,
inventors may remain in
the university and the
spin-off company would
employ surrogate
enfreprencurs.

Reduce staff ime,
Academics staff can
focus to traditional roles:
teaching and doing

research. Academic staff
remain in the university
Return in the form of
rovalties

Opportunity to local
development, Job
creations and multiplier
effects

Needs more funding. Industry focus more to
applied research.
Contradict with
traditional roles to
disseminate free

knowledge.

Royalties. Only get upfront money,
if the technology fail.

Funding provided by the
firms

Taking equity in spin-off
give higher return
compared to licensing to
establish comy

The company has its own
plan of exit. Business
cannot be inherited by
next generation

High investment is
needed.

Exploit technology that
industry is unwilling to
license. Technology
might become a
breakthrough in the future

Refuse to license if the
technology is too radical.

Exploit technology that is
in line with their business
only

Another disadvantage of forming new spin-offs is that they require sufficient

funding, technical and other resources such management and business skills
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(Ndonzuau, 2002). Vohora et al. (2004) noted that two fundamental problems of
spin-off are: 1) spin-off is stemmed from non-commercial environment face of lack
of resources to create viable venture; ii) possibility of conflicts with other stake
holders, such as conflict with the objective of the university, venture management
team, 1nvestors, and academic entrepreneurs.

However, the advantage of spin-off companies helps universities to exploit
technology when licensees are difficult to find (Thorbum, 2000). University
technologies are normally radical (Shane, 2001, 2004), ‘ahead of the market’ and
difficult to convince industries to adopt. Spin-offs are the only solution to exploit this
kind of technologies. Furthermore, a spin-off gets direct support from the parent
organisations especially in the early years of formation (Perez and Sanchez, 2002). A
strong support from the university will enable easier and convenient access to the
latest technology and direct consultancy service from the university (Blair and
Hitchen, 1998). Some universities give support to its spin-off activities, by giving a
more tangible help such as lab instruments and staffs assistant (Steffensen et al.,
1999). As a result of support from the parent organisation spin-offs may have low

rate of bankruptcies even though in some cases they have slow growth (Steffensen et
al., 1999).

Expected returns are greater in spin-off companies when a university takes
equity in lieu of upfront fees. Compared to return from traditional licenses, a
university will get a higher return when the company makes an initial public offering
(IPO). Substantial returns of up to 10 times could be obtained from selling equity of
start-up at Initial Public Offering (IPO) after a relatively short incubation period,
compared to licensing for the same period. Bray, and Lee, (2000) argued that taking
equity gives freedom to licensing managers do more flexible deals. The university
could hold the value of the invention if in case the start-up or spin-off companies
changed the application of the technology, or change to new patent. Taking equity
even with a minimum of only 5% up to 15% will change relationships with
companies.

Finally, inventors become a role model or a champion to other academic
staffs and students to become involved in new venture (Roberts, 1991; Blair and

Hitchen, 1998). However, past evidences shows the disadvantage of patents or
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technologies that were licensed out to overseas company is there will be no real local

economic advantages. Although the university and the inventor get revenues and
royalties from the licensed company, technology and production may occur in

another region or country (Blair and Hitchen, 1998). Thus, the innovation does not

create jobs or stimulate prosperity in the local community.

Most of the licenses are based on arm’s length licensing, which involve
codified knowledge rather than tacit knowledge (Shane, 2004). Thus, a high
commitment of the inventors in the process is not required (Thursby and Thursby,
2004). Spin-off creation requires inventors to have entrepreneurial skills, a strong
management team, and business experience to convince private investors to get the
funding and succeed in the venture. These criteria do not play a central role in
licensing to an established company. All the funding for the project development and
identification of market are provided and undertaken by the industry. When the
project is licensed to an establish company, the negotiations normally involve royalty
payments and product development, whereas in spin-off creation it requires all
aspects of business start-up and business relations. Thus, the advantage of licensing
to an established firm is that academic staff can focus on their academic roles, stay

with the university, and wait for royalty payments.

2.5.5 Outcomes of commercialisation
As mentioned earlier (Table 2.1), patenting activities in UK universities and
US universities have increased in number over time. For example in UK universities,

the number of granted patents was 438 in 2003 and increased to 441 1n 2004. The
total numbers of patents filing in the US were 13,280 in 2003 and increased to 13,

803 in 2004. However there is imbalance between the number of granted patents, the
number of licenses executed, and the number that earned significant income to
universities which is still small. Government expectations about what universities
can earn from their third stream are not being met. Though the US universities are far
ahead of their UK counterpart activities, the relative numbers of patents that are
exploited compared to the granted patent from both countries are still small in
number particularly in the UK universities. An NHS report cited in Lambert (2003)

estimates that the average revenues from technology transfers at leading US and UK
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universities are 2.5 per cent of their research income. MIT’s revenues are only 3 % of
its research income. As mentioned in Chapter 1, an OECD survey (2002) reported

that only 20% to 40% of patents are licensed, and only half of these earned incomes.

A recent AUTM survey (2004) reported that only 22.4% of the total 27, 322

active licenses earned income. Universities rely only on few licenses that bring

substantial income to universities (Jensen and Thursby, 2001; Grafft and Heirman,

2002, OECD 2002, Binks, et al., 2005, Wright et al., 2006). For example in the US

universities, gross licensing income increased more then five folds, from under $200
million in 1991, to over $1.2 billion in 2000 and further increased to
USDI1.385billion in 2004 (Grafft and Heirman, 2002; Pressman, 2004). Recent data

in the UK universities, the total number of License, Options and Agreements (LOAS)
and income, increased in 2004. In 2004, 66% of respondents had existing LOAs that
yielded incomes and 34% of them did not receive any income (UNICO, 2004). This
is because most universities are ineffective in their patenting and commercialisation
management (Thursby and Thursby, 2002; Thursby and Kemp, 2002; Siegal et al.,
2003; Chappel et al., 2005; Lockett et al., 2005). OECD (2002) suggests TTOs just
randomly filed and licensed their patents. Other views are that the TTOs’ decision to
commercialise is based of self interests rather that public interests (Sampat,
2006).This view is specifically based on the objectives of many TTOs to license for
cash, R & D capital, sponsorship of research or equity payments (Thursby et al.,
2001, Markman et al., 20035).

Thus, the above discussion leads this thesis to develop the main research
question of this study:

“What explains why some of the university patents are

exploited and others are not?”

2.6. PREVIOUS RESEARCH

The literature review in this section attempts to study the reasons why some
university patents are not exploited and for those that are exploited, why the
universities decided to commercialise them either through licensing to established

companies or to spin-off companies.
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2.6.1 Reasons for non-commercialisation

The reasons why most university inventions have not demonstrated any
commercial value have not been studied intensively in the literature review. Few
studies are found which focus on why university technologies are not exploited
(Thursby et al., 2001; Hsu and Bemstein 1997; Shane, 2001a; 2001b; 2004). A few
studies also have been found indicating why industrial companies are unwilling to
exploit university technologies and the reasons why university technologies are not

exploited (Henderson et al., 1998; Mowery, 2002; Thursby and Thursby, 2003 Low
and McMillan, 2004). The reasons are discussed below.

i Characteristics of university technologies: no economic value

The main reasons which untversities technologies from being exploited is that
they did not show any commercial value, and were so embryonic that they
demonstrated insufficient proof of concept (Trajtenberg et al., 1997;Hsu and
Bemstein, 1997; Henderson et al., 1998; Hall et al., 2001, Thursby et al., 2001,
Thursby and Thursby, 2002, Siegal et al., 2003). A study by Hsu and Bemnstein
(1997) used 14 cases from Harvard and MIT universities to examine what factors
lead to the licensing of university technologies. It was found that five cases failed to
be marketed or licensed because a technology was proved not to have commercial
merit and three had insufficient proof of concept which caused them to fail to be
licensed. In addition, the majority of inventions that were licensed to established
companies failed due to inappropriate incentives to TTOs who were not able to deal

with unfamiliar products and technologies. Lack of incentive does not inspire TTOs

to try to understand the technologies further. This also leads the product from the
advanced technologies to have a high failure rate and be shelved. From the industry
side the study reported that the companies did not have complete information about
the technology, suffered from the ‘not invented here’ syndrome and university
technologies at embryonic stage caused them fail to take up the licence. From the
same study, the interview results from TTOs, managers, licensees, inventors and
people who declined to license the technology for spin-offs suggested that the main
factor leading to success in this venture in order of importance are; entrepreneur

effort, the value of size, the stage of the technologies and financing issues.
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University technologies, which are not relevant to the line of business of a
company, are in itself the reason why industrial companies refuse to license
university patents (Thursby and Thursby, 2003; Shane, 2004). However, they use
university knowledge through substantial sponsored research. This is because
sponsored research only involves short-term contract work. A company can also
collaborate with a university through consultancy work, using the university’s lab
facilities and the placement of students after they graduate (Thursby and Thursby,
2003).

Henderson et al. (1998), from their survey reported the importance or
commercial potential of patents has declined as a result of the increase in patenting
activities and the changing relationship between the universities and the private
sector. The study gave evidence that half of the university inventions did not have
commercial value. The study compared university assigned patents to 1% random
sample of all US utility patents. It was reported that the importance and generality of
university patents had declined though the number was increasing every year. The
university patents were less cited compared to the mid 1980s. Henderson et al (1998)
concluded that the importance, and hence the value of university patents decreased
due to a very rapid increase in the number of low quality patents being granted to
universities. However, a study done by Mowery and Ziedonis’s (2002a) showed a
finding contradicting with Henderson et al. (1998). It was reported that there was no
decline in the importance and generality for two universities: University of California
and Stanford University in patenting activities after 1980 and no change in the
orientation of university research. However, the analysis of overall US universities 1s
consistent with Henderson et al. (1998) suggests that patents issued after Bayh-Dole
have reduced their generality and importance. Mowery and Ziedonis’s (2002a) study
should be read with caution because the survey used a smaller sample than
Henderson et al. (1998). The latter used all citations to universities, but Mowery only
used citations that had occurred within five years of the issue date. Many
inexperienced universities adopted a random policy towards patenting after the

implementation of Bayh-Dole Act (1980), which led to a reduction in the importance

of university patenting in general (Mowery et al., 2002).
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However, Owen-Smith and Powell (2003) reported that universities have
learnt to patent quality inventions after studying patent citations in the life sciences
field. Quality disclosures, strong networks, and the experience of TTOs 1n evaluating

technologies give stable impact of patent citation in the life sciences.

ii. Barriers to licensing

Some of the umversity technologies have the opportunity to be licensed if
funding is available for further development of the projects. The technologies are
often presented at an early stage or at the proof of concept stage, with an uncertain
market and needing more funding for development up to a commercially viable
stage. However, government funding 1s limited and industrial companies refuse to
fund technologies that have uncertain value, which is a barrier to university
technology being accepted by industry. Furthermore, industry usually employs
university technologies, which only involve product development but not core
technologies. This is because industry has its internal R & D departments, which
already focus on their core technologies (Thursby and Thursby, 2004). Details of
these and other reasons inhibiting the exploitation of university patents will be

discussed in Chapter 5. Research propositions also will be developed in Chapter 5.

2.6.2 Reasons for the choice of the commercialisation route

i Motivation of the academic entrepreneur/the champion factor

The most critical factor when creating a new company is the presence of a
champion. The champion can be one of the inventors, an entrepreneur or an investor.
An inventor in a university technology plays an important role in the exploitation of
his or her research output. According to Shane and Venkataraman (2000) research
output can be exploited through two major routes: the creation of a new company or
the sale of their idea to existing companies. Who the academic entrepreneurs are and
what their characteristics are in exploiting opportunities through the creation of a
company or a licence to an established company will be discussed.

An academic entrepreneur, according to Samson and Gurdon (1990) cited in
Franklin et al. (2000) is defined as;

“... an academic whose primary occupation prior to playing
a role in a venture start-up, and possibly concurrent with that
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process, was that of a lecturer or researcher affiliated with a

Higher Education Institute...”.
Previous research suggests that university spin-off companies or new venture

creations are founded by an inventor or entrepreneur who has certain psychological
and motivational characteristics such as a disposition to act, is willing to take risks,
energetic, willing to give full commitment to the venture and extrovert characteristics
that make it easy to network with others (Khilstrom and Laffont, 1979; Oakey, 1984;
Shapero, 1984; Olofsson et al., 1987; Doutriaux, 1987; Doutriaux and Dew, 1992;
Blair and Hitchen, 1998; Nerkar and Shane, 2003; Shane, 2004). Non-psychological

factors such as level of education, family background, and previous work experience

also play a crucial part in shaping inventors to be entrepreneurs.
The recent theory of entrepreneurship (Shane, 2000, 2003, 2004; Shane and

Ventakaraman 2000) suggests that entrepreneurs are different from others because
they not only have distinctive characteristics but they also have the ability to
recognise an opportunity to be exploited. These factors lead inventor-entrepreneurs
who have ‘entrepreneurial’ characteristics to assume an important role to champion
the new venture. They also must have an ability to combine the limited scale of
productions and transform them into end products. All these characteristics make
individuals who are different, who lead people who have greater appetite for
uncertainty to become entrepreneurs, whereas people with less appetite choose to
become employees (Khistrom and Laffont’s 1979 cited in Shane, 2000). These

factors are discussed below:

¢ Psychological factors
Individuals who exploit opportunity have different motivation factors, which

other people do not have. Shane (2004) pointed out that understanding the
characteristics of the inventors who own the technologies 1s important to explain why
one is inclined to spin-offs. The desire to bring technology into practice, a desire for
wealth creation, and the desire for independence are the main motivation for
entrepreneurs or academic inventors to create a spin-off company (Shapero, 1984;
Smilor et al., 1990; Blair and Hitchen, 1998; Oakey, 2003; Shane, 2003; Shane,

2004).
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Doutriaux and Dew’s (1992) study of 26 entrepreneurs at 10 universities in
Canada, also found that personal motivation and the reason to form a spin-off
company have a direct effect on firm creation and the growth of companies. The

analysis of personal characteristics gives three types of academic entrepreneur based
on their reasons for forming a company: reluctant entrepreneurs, casual entrepreneurs

and genuine entrepreneurs. Genuine entrepreneurs are eager to proceed with their

potential technologies that may relate to a desire to see the inventions exploited as

mentioned by Smilor (1990), Blair and Hitchen (1998), and Shane (2004). Reluctant

entrepreneurs showed slower initial growth due to lack of industrial experience.

Casual entrepreneurs showed continued low growth due to not being motivated by

business measures of success.

. Non-psychological factors

Non-psychological factors include education, age, career experience, social
position, social ties and vicarious leamings (learning the skills by observing others),
which affect the decision to exploit an opportunity (Shane, 2003). All these factors
make an individual different which affects their willingness to bear the risk to exploit
opportunity (Venkataraman, 1997; Shane and Venkataraman, 2000). Shane (2004)
further suggests that career-related factors such as career cycles, academic status,
intellectual capital and entrepreneurial experience influence the creation of a
university spin-off.

Empirical evidence shows that most of the high tech entrepreneurs had PhD
qualifications (Roberts, 1991a; Blair and Hitchen, 1998). Research outcomes from
PhD projects are transformed into product through forming a spin-off company
(Roberts, 1991a; Blair and Hitchen, 1998). Most of these inventors-entrepreneurs are
star scientists who have high human capital assets. Many biotechnology firms in the
US are formed by star scientists (Zucker et al.,, 1998). The average age of the
entreprencur also influences the creation of spin-offs. The ideal age of the individuals
or academics to start their own companies is between 28 and 39 years old (Roberts,
1991a; Lowe and Taylor, 1996; Blair and Hitchen, 1998; Colombo and Delmastro,
2003). Most of them have not yet achieved any promotion to professorial posts and

are very energetic. Some of them have just started a family and have financial
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difficulties. The technologies that they have invented influence them to start the

company as a solution to their financial problems.
Career expenience 1s another factor influencing an individual to exploit an

opportunity. Through career experience, people acquire information and develop the
skills necessary to form a company (Jones-Evans, 1995; Blair and Hitchen, 1998;
Klofsten and Jones-Evans, 2000; Shane and Khurana, 2003; Shane, 2004). Career

experiences according by Shane (2003) comprise of general business experience,

functional experience, industrial experience and start-up experience. These
experiences reduce the uncertainty and increase the entrepreneur’s anticipated profit

(Shane and Khurana, 2001). Successful high-tech firms found that the entrepreneurs

had acquired both technical and business acumen, industry related experience,
managerial experience and tacit knowledge (Oakey et al., 1988; Gimmon, 2005).
However, many academic entrepreneurs, who came from a non-commercial
university background, have no commercial experience or industrial environment
(Jones-Evans, 1995; Blair and Hitchen 1998; Klofsen and Evans; 2000).

Roberts and Peters (1981), Shapero (1984) and Roberts (1991a) discovered
that family background could also influence individuals to become entrepreneurs.

According to Roberts (1991a), the largest percentage of technical entrepreneurs came
from those whose father was either a professional or a manager. Children from
professional families would be more likely to become entrepreneurs compared to
managers. This is because a professional is more independent in his work
environment than a manager. A family of smaller size or a first-born son 1s more
independent and tends to develop self-confidence. Roberts and Peters (1981)
differentiated between ideas havers or inventors and idea exploiters. Besides the
above criteria, idea exploiters would have been much more active in publication and

patenting. Ideas havers people were more likely to work in varied environments and

spend some time in consultation.

. Experiences of the inventors that lead them to recognise

opportunities
There is very little material on how and who recognise opportunities to

commercialise university technologies. Opportunity recognition is an important stage
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in evaluating the technological validity and performance of the venture in order to
identify market applications and customer needs (Vohora et al., 2003; Wright et al.,
2004; Shane and Venkataraman, 2000). Internal and external sources may help the
university to recognise opportunities in the creation of university spin-offs (Lockett
et al,, 2003a). The sources are: academic inventors, the university commercial
company (TTOs), potential surrogate entrepreneurs or some external private sector
organisation (Franklin et al.,, 2001; Lockett et al., 2003a; Wright et al., 2004).
However they always lack the technical skill and have their own agendas (Franklin et
al., 2001). Normally academics and TTOs jointly recognise the opportunities, and
define and target their exploitation. A university joint venture partnership with a

corporation will also help inventors recognise opportunities. A company that has

sponsored research or contract research with universities usually recognises

opportunity, but normally intends to license the technology (Thursby et al.,

2001;Colyvas et al., 2002; Thursby and Thursby, 2004).
As mentioned earlier, industrial experience enables academic inventors to

recognise opportunity (Shane, 2000). Normally, opportunities are recognised by
suitable individuals who are more ‘alert’ and thus, more able to ‘notice’ (Lockett et
al., 2003a: 188). Academics may not be the best people to recognise opportunity. In
some cases opportunities are imprecisely or ambiguously targeted which in tum
makes the technology impracticable (Vohora et al., 2003). The TTO and academics
lack understanding of how best to maximise returns and create commercial value
from the technologies that they patent (Vohora et al., 2003). As mentioned before,
prior industrial experience is important to validate technology and enable
entrepreneurs to recognise opportunities that other people do not (Shane and
Venkataraman, 2000; Shane, 2000a; Shane, 2000b; Shane, 2004). Entrepreneurs are
more likely to recognise and exploit opportunities when they identify more customer
demand for the new product, more fully developed necessary technologies, greater
managerial capability and greater stakeholder support (Choi and Shepherd, 2003).
Shane’s (2000) study of eight entrepreneurs who had exploited technology
from MIT confirms the importance of career experience which helped them to

recognise opportunities. He argues that the ability of an entrepreneur to recognise the

market value of a particular technological innovation is based on their ability to
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recognise the value of the invention in the market, which is based on previous
experience they have had in solving customer problems in related market situations.

The work of Shane (2000) and others has been synthesised by Park (2005). He

suggests that opportunity recognition is a very complex, interactive process involving
three main components; the founding entrepreneur, the knowledge and experience of
the firm and the technology (Hsu and Bemstein, 1997; Shane and Stuart, 2002;
Lockett et al., 2003a). Wright et al., (2004) suggest that corporate bodies could also

help universities to recognise opportunity, but how to access them was not suggested

by the authors.

These discussions show that previous industrial experience gives inventors
the ability to recognise opportunities. The combination with the motivation factors

(psychological and non-psychological factors) allows the inventors who have

‘entrepreneurial characteristics’ to influence them to exploit those opportunities
either through spin-off creations or licensing to established companies. Those
inventors who license their patents to established companies may not fulfil all the
characteristics (psychological, non-psychological factors and ability to recognise

opportunity) above and may prefer to be an employee as suggested by Khilstrom and
Laffont (1979).

ii. Spin-off creation or licensing to established companies: the role of

funding

The availability of fund to commercialise a newly patented technology is the
main factor for the choice of the route for exploitation of that technology. The
technology may require high investment in tooling or marketing thus excluding the
university becoming the main palyer in the commercialisation efforts. However, an
established company might be willing to invest in that technology thus licensing the
patent from the university. The money for product development is normally borne by
the licensee, and the university would receive monies lump sum up front fee,

sponsorship for further research in the technology, and royalties if the technology is

 successfully commercialised.
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As the available funding from a university 1s critical in the decision to form

new spin-off compnies for commercialisation of iuniersity patents, the discussions in

following sections are more focused on spin-off funding.

. External funding
For spin-off ventures, there 1s a need for sufficient financial resources from

the beginning to fund R & D, then to launch the product and to cover operating costs
and upgrading the product development (Willard and Cooper, 1985; Smith and
Cooper, 1988; Lockett et al., 2002; Shane, 2004; Binks et al., 2005; Wright et al.,
2006). The availability of finance 1s a key constraint to high tech firms or spin-offs to
growth (Lockett et al., 2002; Osman, 2002; Binks et al., 2005; Wright et al., 2006).

Funding for spin-off companies may come from external resources such as
venture capitalists, business angels, or government seed money. Shane (2002) listed
several mechanisms providing entrepreneurial companies with capital to finance
technology licensed by a university. First, some universities bring venture capitalists
to university campuses or have venture capital funds. Second, some universities also
use their TTOs as brokers to the venture capital community. Shane and Cable (2002)
pointed out that MIT spin-off companies used its TTO to help them to gain access to

venture capitalists and business angels. Third, some universities such as MIT
invested its university endowments in their spin-off companies. Fourth, they have

established programmes to fund further development of university inventions

(Tomatzky, 1995).
New spin-off companies have difficulty in getting funding from external

sources such as ventures capitalists or business angels at the seed, start-up and early
growth stages (Mason and Harrison, 1998; Lockett et al., 2002; Vohora et al., 2004;

Shane, 2004; Binks et al., 2005; Wnight et al., 2006). Thus, there is a gap of funding
between early stage, and late stage technology. Venture capitalists and industrial

companies refuse to fund ‘blue sky research’ with an embryonic, uncertain market
due to information asymmetry problem between inventors and investors (Shane and

Di Gregorio, 2003; Shane, 2004; Strandburg, 2005). The technologies are uncertain

if there is a doubt that they can be converted into saleable products or services

(Shane, 2004). Furthermore, the high research and development costs in early years,
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and long lead time in bringing new high technology into the market make early stage

technology based firms are very high nisk (Thursby et al., 2001; Osman, 2002;
Shane, 2004; Binks et al., 2005).

The study by Binks et al. (2005) gave several reason in declining order of
importance for the fact that university spin-off companies are more risky than
investing in other high tech companies; spin-offs require building a management
team, require a longer investment time horizon, need close monitoring, require
several rounds of funding, have higher variability of return, involve protracted pre-
deal negotiations and focus on small elite universities. Five most important factors
why investors reject university spin-off investment proposals are: the absence of a
clear route to market for applications of the technology, overall quality of the
proposals, size of the potential market, stage of development of the product and the
number of rounds of follow on the investment required. The research also suggests
that universities should concentrate more on quality new ventures. Venture capitalist
firms prefer universities or TTOs to achieve proof of concept before submitting the
proposal to them. A similar study of the supply side reported by Kakati (2003) was
based on the views of 27 venture capitalists who have experienced both failure and
success in high tech ventures. The quality of the entrepreneurs is the main reason
investors invest in high tech ventures and this is followed by resource- based
capability (managerial, technical, marketing and input sourcing) competitive
strategy, product characteristics, market characteristics and financial criteria. The
different between successful and non-successful ventures is that successful ventures
develop multiple resource-based capabilities to back up multiple strategies and take
into consideration the future risks and are not based solely on the development of
new technology. Furthermore, financing spin-off companies in the UK universities
by venture capitalist and private equity firms is considered as a niche activity
compared with management buy-outs and buying in (Mason and Harrison, 2002;
Binks et al., 2005; Wright et al.,, 2006). Venture capitalists in Europe are reluctant to
invest in early stage high tech investment or university spin-offs (Lockett et al, 2002;
Binks et al., 2005; Wright et al., 2006) compared with the US. They become late

stage investors in funding university spin-off ventures (Di Gregorio and Shane, 2003;

Binks et al., 2005; Wright et al., 2006) and the availability of venture capital shows
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little evidence of the influence of start-up activity in the UK particularly. Difficulties
in valuing university technology prevent many venture capital firms from investing
in the early stages in spin-off companies (Lambert, 2003; Binks et al., 2005; Wnght
et al., 2006; Nilsson et al., 2006). Most of the studies on funding looked at the supply
side and focused on venture capitalists and what are the criteria used by them to

evaluate the venture to obtain funding. On the demand side, TTOs considered that

venture capital contributions for seed stage investment are important to develop
technologies to proof the concept stage technologies (Wright et al., 2006). Venture
capitalists are an important source of funding to help spin-offs at their early stage,
however the problems mentioned earlier discourage venture capitalist from investing
in spin-offs. To encourage investors TTOs should increase the capability and
resources for evaluating the technology or new venture. In addition, entrepreneurs’
quality and ability to bear risks and have multiple strategies are also important in
getting funding from venture capitalists who, do not solely depend on technology
developments (Wright et al., 2006).

Uncertainty and information asymmetry are other problems restricting the
ability of the founder to obtain funding from private investors (Wright et al., 2004;
Mason and Stark, 2004; Mustar et al., 2006). Information asymmetry creates
problems in financing spin-offs. First, the inventors want to keep the secret of the
invention as a competitive advantage and not all the information is disclosed to
potential investors. Second, the inventors use that information to attract other
resources from other investors. Third, information asymmetry creates the potential
for adverse selection because it makes it difficult to distinguish talented
entrepreneurs pursuing valuable opportunities from the reverse (Shane, 2004). To
overcome asymmetric information and reduce adverse selection, due diligence 1s
undertaken by venture capital companies (Mason and Stark, 2004; Binks, 2005,
Wright et al., 2006). However, Binks et al. (2005) and Wright et al. (2006) reported
that lack of technological knowledge in venture capital firms make due diligence
difficult. Investment executives in venture capital firms have a lack of technological
knowledge where only 14% were reported to have graduate qualifications in

technology or managerial experience in technological areas.
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Empirical evidence also reports that venture capital firms tend to make their
investments locally so that they can monitor, interact and inspect their investments
closely. Venture capitalists tend to develop networks within their local area so they
can tie in the new ventures with customers, suppliers and other stake- holders. They
can also give assistance when start-ups are close at hand. Sorenson and Stuart (2001)
found that the probability of venture capitalists investing in start-up decreases with
the geographical distances between the headquarters of the venture capital firms and
the start-up firms. It was found that the rate of investment in companies 10 miles
from a venture capitalist’s headquarters is double compared with companies located
100 miles away. This is consistent with the findings of Lemer, (1995) and Mansfield
and Lee (1996) that the chance of the venture capitalist backing a start-up company
was doubled when the distance between their headquarters were within 5 miles
compared to distances of up to 500 miles away. Mason and Harrison (2002) conclude
that ‘classic’ venture capitals which has the potential to invest in high tech growth
companies is still concentrated in London, South East England and Scotland.
However, other studies show that the amount of formal venture capital available in
particular location has no significant effect on university start-up activity (Zucker et
al., 1998; Di Gregorio and Shane 2003; Lockett. et al., 2003).

Business angels are another alternative that is often overlooked by
universities or inventors to fund spin-offs. Business angels also have problems in
evaluating university technology. Mason and Harrison (1998) noted that business
angels undertake their own independent evaluation which is more based on their
business experience and knowledge of particular industries and markets than on
formal due diligence. The management team, the growth potential and the
uniqueness of the product or market are the main factors the angels take into account
when evaluating an investment opportunity. An independent technology appraisal
service as part of the due diligence system has been suggested to overcome problems
of evaluation of early stage technology for angels prior to their investment decision
(Mason and Harrison, 1998). Banks play a limited role in spin-offs in the UK and the
US (Roberts, 1991a; European Commission, 2002). Banks are also reluctant to’
finance high technology based firms because they are not expert in evaluating radical

technologies (Mason and Harrison, 1993).
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. Government funding

Since external funding is difficult to obtain, the development of projects to

proof of concept and prototype level for spin-off companies is normally achieved by
self financing, government seed funds and bootstrapping strategies before they reach
the stage at which they can attract private investors (Shane and Di Gregorio, 2003;
Shane, 2004; Harmson et al., 2004; Toole and Czamitzki, 2005; Binks et al., 2005;
Wright et al., 2006). Government grants are important and mostly are used for new
firms to develop the product to prototype levels (Shane, 2004). It allows the founders

of university spin-offs to find a commercial use for their technologies (Shane, 2004),

and reduce technical and market uncertainties surrounding their ideas. In addition,
government funding increases the credibility and value of the high technology firms,
thus helping to access venture capitalist funding and future acquisition (Toole and
Czamitzki, 2005).

However, Binks et al. (2005) and Wright et al. (2006) contended that there is
no evidence that the University Challenge Fund (UCF) has attracted venture capital
firms to invest in spin-off at the later stage in the UK universities. Mason and
Harrison (2002) found similar findings that the new government regional venture
capital funds are not effective in closing the regional finance gap. They suggest that
international venture capital investment from elsewhere is important in the
globalisation era. Toole and Czamitzki (2005) quote similar findings that SBIR 1s the
only important element for facilitating commercialisation but not a prevalent
mechanism for commercialising university scientific research nor did it show a
robust propensity for commercialising their research (Audretsch et al., 2006).

To facilitate commercialisation activity, governments have provided various
grants. In the UK for example, government funding by the DTI (the University
Challenge Fund or Proof of Concept Fund) (UCF) from the Scottish Executive is

given to the universities and is available for companies to develop their technology to

proof of concept level (Lambert review, 2003; Binks et al., 2005). In the UK UCF

comprises 77% of public funding (Wnght. et al., 2006). In the US most of the spin-
offs obtained funding from the SBIR programmes (Small Business Research).

Though the government provides these grants, they are not sufficient, and the
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universities only provide a small amount that can only cover patent cost and very
early stage development of technology (Wright et al., 2006), thus, preventing spin-

offs from further developing their technologies. Moreover, it is not clear whether

government uses the same criteria as private investors to fund university spin-offs.

° To overcome constraint with financial resources

To overcome funding problems with spin-offs, it has been suggested that

universities can work as a joint venture with corporate bodies to create a spin-off

company. This 1s called as a Joint Venture spin-off (JVSO) (Wright et al., 2004).
The partnership with JVSOs helps to overcome four critical junctures, which relate to

the financial and capabilities problems as discussed before. The partnership gives a
greater access to critical resources such as marketing, technology, raw materials,
equipment, facilities, financial assets, manageral expertise and political influence.
However, the study did not mention how the university could access the JVSOs and
what criteria are required by JVSOs of their partners.

Spin-off companies can be divided into two main types: one has a potential
global market and one is a life-style spin-off (Pimay et al., 2003). Venture capital
companies are unwilling to invest in life-style companies. Wright et al. (2006)
suggests that high due diligence costs discourage investors from investing in smaller
firms and this is called an ‘equity gap’, where formal venture capital is not available
for projects below £500,000. Thus, Wright et al., (2006) suggest that smaller venture

capital firms with public sector investment are needed to invest in the projects lower
than that amount.

Partnership with private investors also can overcome seed funding problems
in spin-off companies. Private investors also provide an important quality measure
and should be used to decide which spin-offs to pursue. Lambert (2003) suggested
that an earlier relationship with IP2IPO (Intellectual Property to Initial Public
Offering) Company, a venture capitalist company, is a good example of attracting
them to invest in early stage technology and reduce public seed finance. IP2IPO

Company was recently reported to have partnerships with various universities such

as Oxford, Southampton University, University College of London, and University

of Yorks’s Centre for Novel Agriculture products in commercialisation of their IPs.
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For example, this company acquired 50% of the stake in one Oxford University spin-
off until year 2015. IP2IPO Company also provides management support and

expertise to aid commercialisation process of Ips through new spin-offs.

It is also suggested that universities should have their own funding ventures
that operate as a venture capital company, for example, Qubis Ltd at Queen’s
University in Belfast (Leitch and Harrison, 2005) or ISIS Corporation at the
University of Oxford (Smith and Ho, 2006). In addition, it is suggested that in the
area in which venture capitalists are not active, strategic alliances with established
firms help spin-off companies to overcome seed funding difficulties as well as
developing other skills and capabilities (Carayannis et al., 2000). The University of
Strathclyde has recently launched The Strathclyde Innovation Fund, which is
managed by the Braveheart Investment Group. Other investors could include
members of the Strathclyde 100; a group of successful entreprencurs and business
experts who have attended the university; the Bank of Scotland Corporate; and a
number of institutional and private investors. The fund is available for investments in
spin-off companies and other opportunities to commercialise intellectual properties.
The fund will work in two ways:

i, Investment of equity into spin-out companies at the seed funding stage, and in
subsequent funding rounds for companies in which the Fund has already

invested.

11, Funding early stage loans direct to the University in return for a nght to a
share in future income resulting from the funding, or a right to equity ina
future spin-out which is set up to commercialise the intellectual property.

In summary, financial availability is a part of the decision by universities in
licensing their patents to established firms or to spin-off companies. Not all
inventions are suitable for spin-off creation. Shane (2004) gave the factors as the
effectiveness of the patents, the stages of the technologies, the importance of the
complementary assets, the age of and the type of industries, the TTOs and the

policies implemented by the universities. These will be presented in more detail in

later sections.
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iii. The effect of research funding

Industry and government funding in the US and the UK as well in European
countries increases every year (Gulbrandsen and Smeby, 2005). However,
government funding 1s decreasing in proportion and inadequate for project
development. Industry is willing to invest in university R&D for a varety of
purposes: testing, conducting specific research that the firm is equipped with the
instruments to carry our or future job placements for talented students (Roessner et
al., 1998; Bozeman, 2000; Feller et al., 2002; Powers and McDougall, 2005), and
some companies rely heavily on university based scientific research (McMillan et al.,
2000). Even though industry funding increases, government funding still comprises
the largest amount. The result of research output disclosed in the 1996 AUTM survey
in the US, 62% of inventions disclosed resulted from federal funding and 19% came
from industry funding (Thursby et al., 2001).

Empirical evidence showed that the different sources of research funding led
to different opportunities of research exploitation. Industry funding is claimed to
have a better chance of being exploited compared with government based funding.
Universities with closer ties to industries exhibit more spin-off companies created
(Roberts and Malone, 1996; Shane and Stuart, 2002; Shane and Cable, 2002; Shane,
2004; Powers and McDougall, 2005; O'Shea et al., 2005). Nevertheless, a study by

Powers (2003) of 108 research institutions drawn from AUTM data survey for the
period 1991-1998 found that both federal and industry funding have a strong

influence on the number of patenting activities. However, there is no measurable
effect on the number of licences produced or licensing income by the university.

Industry may benefit from contractual agreements to conduct a study or a clinical

trial and not via licence on a patented technology.

There is a long debate on the influence of industry-culture directed research
in universities as industry based on applied and short term research (Lee., 1996;
Shane, 2004; Gulbrandsen and Smeby, 2005). The work of Lee (1996) showed that
there had been some resistance by faculty members to commercial activity because

of the concem it would detract from the basic research. However, the view of more

entrepreneurial academics, with strengthened academic-industry links through

sponsored research, is beginning to encourage universities to be more entrepreneurial
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(Etzkowitz, 1998). The work of Mansfield (1995) illustrated this phenomenon. His
study has been conducted on 66 firms in seven major industries and a sample of 200

academics who had received government funding at the early stage of their research

projects. At a later stage, they received industry funding and from the project,
successful products were turned out. In addition, there are faculty links with industry
through consultation work and contract research.

Further study by Powers and McDougall (2005) supports Mansfield’s
findings. They collected data from multiple archival sources on 120 institutions
classified as research extensive and research-intensive universities in the Carnegie
Classification System. They found that industrial R & D revenues were positively
predictive of both the number of start-ups formed and the number of IPO licences.
Furthermore, industry funding increased the number of spin-offs and other financial
impacts, nevertheless the more important aspect of industrial R & D funding is to
stimulate a culture of entrepreneurship within the university. If there is no link with
industry, it has proved difficult to commercialise technology from a university. The
work of Colyvas et al. (2002) supports this view. In one case out of 11 in their study,
the technology was never transferred because there were no links between academics
and industry.

Work experience within industry also showed that inventors or scientists have
a better chance to gain industry funding and a greater number of patents and

publications. Dietz and Bozeman (2005) support these views with their study of 1200
scientists and engineers. The study examined career patterns within the industnal,
academic, and governmental sectors and their relationship with publication and
patent productivity. The scientists and engineers were working at university-based
rescarch centres in the United States. They found that scientists who spent a
substantial percentage of their time in industrial jobs received more funding from
industry and achieved a higher rate of patent productivity but a lower rate of
publications. In contrast, those who received federal funding had a higher rate of

publication and a lower rate of patents.

Another survey done by Gulbrandsen and Smeby (2005), at four universities
in Norway with the sample of 1967 assistant professors and professors confirms this

view. The result shows significant relationships between research performance and
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industrial funding. Professors with industrnial funding have more applied research but
not development work. They collaborate more with other researchers both in
academia and industry, and they report more publications as well as revealing
entreprencurial results and commercial results such as patents, establishment of new
firms, and consulting arrangements. O’Shea et al. (2005) in their survey of 141 US
universities, also found that industrial R&D funding had a greater tendency to
produce spin-off companies. They also found that a greater proportion of federal
funding for life science and computer science disciplines had a greater propensity for
spin-off creation. However, D1 Gregorio and Shane (2003) failed to find adequate
support for the argument that industrial funding would lead to more spin-off activity.

Furthermore, Coupe (2003) in his study on “direct real effect” of academic
research looked into the direct real economic effect of R&D expenditure using
econometric techniques. Patent data in 1994 from 537 universities that have positive
R&D expenditure in 1993 was used. The result showed that R&D expenditures
significantly influenced the number of patents awarded to the universities as well as
to industry.

In sum, the discussions above showed that different sources of funding have

different types of productivity and routes of exploitation. However, industry funding

shows greater chance of patent will be exploited.

iv. The roles of academic inventors
The role of academic inventors in commercialisation activities can be divided
into two. The first is commitment to product development and the second is

involvement in networking.

. Commitment in product development

The inventors’ involvement to bring the product into the marketplace is
crucial for both types of exploitation once disclosure has been made and the
commercialisation route is chosen. Without the involvement of the inventors it 1s
difficult for the product to be brought on to the market (Markman et al., 2005;
Thursby and Thursby, 2004; Agrawal and Henderson, 2001; Colyvas et al., 2002;
Jensen and Thursby, 2001; Thursby et al., 2001; Thursby and Thursby, 2002).
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The level of inventors’ involvement in product development depends on the
stage of the technology, types of knowledge and the speed of the inventors’
involvement (Thursby et al., and Thursby, 2003; Shane, 2004, Vohora et al., 2003;
Markman et al., 2005; Lockett et al., 2005). The first variable is of technology. Early
stage technologies with tacit knowledge require very high commitment from the
inventors compared with the codified knowledge of later stage technology. Pimay
(2003) defines tacit knowledge as pieces of personal knowledge accumulated by an
individual during his/her academic activities. This knowledge combines capability,

expertise and experience which are closely associated with each individual and these

cannot be bought but are only accessible through interactive leamning and explicit co-
operation. Thus, the involvement of the inventors from early on in the project is
crucial. Codified knowledge is knowledge that is written down and enhances the
performance of the companies because it 1s easily available or through training the
context and the content can be understood (Hindle and Yencken, 2003). It appears in
various forms such as a publication, an experimentation report, a computer
programme, a technical artefact and equipment. It can be easily transferred,
distributed and used but also imitated by others (Piray, 2003).

Usually spin-off formation involves tacit knowledge and early stage
technology (Shane, 2004) and requires a high level of commitment from inventors.
The transfer of tacit knowledge 1n early stage technologies needs the same high level
of commitment from inventors (Thursby et al., 2001; Shane, 2004; Markman et al.,
2005). This is confirmed in Thursby et al. (2001) study of 62 TTOs in US
universities. This suggests that 71 % of licensed inventions required the inventors’
co-operation for commercial success. The inventors’ involvement is crucial as
empirical evidence showed that more than 45% of the university technologies were
either at proof of concept or at lab scale prototype level (37%) when the potential
market was still unclear (Thursby et al., 2001; Thursby and Thursby, 2004). A survey
done by Thursby and Thursby (2004) pointed out that more than half of the
respondents licensed university technology for product development, 18% for
platform technologies and 9% for process improvement. It was reported that
companies used university technology for cntical product development without

delay. Failure of technology always relates to product development. Thus, faculty
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involvement is important because of their specialised knowledge and particularly
because of the low absorptive capacity of firms. Besides the commitment in product
development, firms formation process also involves accessing funding, doing market
research, preparing business plan as well as networking which will be discussed in
the next section (Birley, 2003; Vohora et al., 2003; Shane, 2004; Lockett and Wright,
2005).

If patents are licensed to an established company, the inventors’
commitments only focus on product development. If late stage technology is

licensed, the commitment is not as great as at early stage technologies (Thursby and

Thursby, 2004; Markman et al., 2005). Thus, if the inventors are not willing to be
involved with a very complicated process (Vohora et al., 2003, Birley, 2003) as
described in spin-off formation, licensing to an established company is a more
suitable route. According to Shane (2004), late stage technologies normally will be
licensed to established companies. Later stage technologies are associated with
higher quality inventions very near to market application that result in higher royalty
payments compared with early stage technologies (Jensen et al., 2003; Thursby et al.,
2001). However, according to Markman et al., (2005), in certain cases early stage
technology is also licensed to established companies. Normally this type of licence
includes sponsored research with running royalties and small upfront fees (Thursby
and Thursby, 2004; Markman et al., 2005). Sponsored research is offered in lieu of a
licence agreement and closely related with basic research conducted by the firms.
Firms license the technologies more on the basis of personal contact between the
firm and the university. The study only focuses on faculty involvement from the
product development point of view. The link with the TTO and how to build links
with industry is not included in the scope of the study. Most of the licensing studies

looked at licensing output to determine the performance or productivity of the

process, which particularly relates to TTOs in universities.

The second factor is the speed of the inventors’ involvement. The ability of
inventors to co-operate, recognise opportunities and involve themselves in product
development at the discovery stage reduces the commercialisation time. Time is
important in that commercialisation activities can be accelerated, if either the

university or the inventor decides to license the project to an established company or
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to a spin-off company. There is a positive link between commercialisation time,
licensing revenues and new firm creation. The inventors’ co-operation at an early
stage is more important than resources or capability of TTOs, “Self ready selection’
of inventors of the chosen route either to established or new venture companies
decreases the commercialisation time (Markman et al., 2005).

In sum, the willingness of the inventors to be involved in product
development as well other related activities, affects which route the technology will
exploited. If the inventors are not interested in becoming involved in
commercialisation activities but are only willing to be involved in product
development, licencing to an established company is suitable. However, as noted, the
willingness of the inventors to become 1nvolved in business formation, networking as
well as technology development normally leads to spin-off creation. These types of
inventors normally have an entrepreneurial background or awareness, which differs
from that of inventors who prefer to license to an established company as discussed

earlier (Section 2.6.2).

. Involvement in networking

Networking 1s important for both routes of commercialisation. Inventors® and
TTOs’ networking with the external and interal worlds are important in their effect
on the chosen route of commercialisation. Networking here refers to: 1) networking
with industries which will help to recognise the potential of a project and a potential
licensee in the future; 2) networking with private investors, government bodies,
potential customers and suppliers; 3) networking with parent organisations that will
support early coaching of a business venture up to seed funding stage.

Networking can be done as early as the inventors are able, through formal
and informal networking such as working as consultants to the companies, or
embarking on joint research and sponsored research. Inventors who have strong
informal networks with industry normally end up licensing their technologies to

established compantes. On the other hand inventors who do not have strong networks

tend towards creating spin-offs to commercialise their patents (Audretsch et al.,
2006).
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. Networking that leads licensing to an established company

There is very limited literature, which reviews networking, or social ties in
connection with licensing activities. Universities usually license to an established
company when there is a personal contact with the companies, which has been
established before the project finished (Thursby and Thursby 2000; Thursby et al.,
2001; Colyvas et al., 2002; Jensen and Thursby, 2003: Thursby and Thursby, 2004;
and Ausdretsch et al., 2006). Colyvas et al., (2002) used 11 patents as case studies at
Columbia University and Stanford University. The study found that personal contact
with industry, by locating academic staffs in industry gives awareness of the
importance of university research to industry. This makes it easier for university
inventions to be exploited. The study also found that one patent whose inventor did
not have any contact with industry was not exploited. It was also contended that the
technology transfer office only plays a marginal role in transferring university
inventions. The TTOs’ marketing activities are most important for technological
areas where existing links between academia and industry are weak. The study only
looked narrowly into the inventors’ and TTOs’ roles in building networking.

Jansen and Dillon’s (2000) survey of 1140 licensees from six institutions
supports the importance of inventors’ personal contacts or informal contacts. The
finding was contradicted with Colyvas et al. (2002) in their view of TTO roles. The

studies concluded that inventors and licensing professionals were the best source of

leads to licensees, with 56% of licensing leads coming from the inventors themselves

and only 19% from TTOs. Inventors or faculty members have a long history of

industrial contact through sponsored research and contracts, conferences, graduate

students and consultancy agreements. All these studies solely focused on general

licensing activities, and the discussion is more about the role of inventors and TTOs

in finding licensees. The study also focuses on ‘what would happen’ after the

inventors disclosed their invention rather than ‘what happened’ before the disclosure.
In addition, no part of the study examined thoroughly the decision-making process of
the chosen route.

Audretsch et al. (2006) did a survey of 146 scientists who received a National
Cancer Institute Grant in the US. It was concluded that inventors who have strong

social capital with industry end up licensing their inventions to established firms and
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inventors who are not very active in social networking ended-up with spin-off
formation (in this case those who have not assigned their patent to TTOs, venture it
out through spin-off). It was further contended that the inventors who had strong
social capital, which 1s determined by publications and co-patents with industry, have
a greater chance of their inventions being licensed by industry. For those scientists
who are helped by the TTO, licensing to an established company is the most
prevalent mode, and for those whom it was perceived were not helped by the TTO

venture out is more important mode. The study by Audretsch et al.(2006) examined

the situation from the actual scientists’ point of view and not from the TTO’s view. '

. Networking in spin-off formation

There are abundant literatures on networks, but only a few relate to spin-off
formation. Having reviewed the literatures on spin-off formation, informal and
formal networking 1s important at the pre start-up and start-up stage of spin-offs.
Strong networking at an early stage has a positive relationship with success in new
ventures (Birley, 1985; Hsu and Bemnstein, 1997; Rappert et al., 1999; Davidsson and
Honig, 2003; Elfring and Hulsink, 2003; Siegal et al., 2003a; Shane, 2004; Walter et
al., 2005). Through formal or informal networks, a new firm can access funding,
advice, new knowledge, lead to wider networks, overcome information asymmetry
problems, obtain resources below market price and endorsement of new product, sell
the first product and link with customers and suppliers (Zhoa and Aram, 1995;

Steffensen et al., 1999; Rappert et al., 1999, Rogers et al., 2001; Perez and Sanchez,
2002; Shane and Stuart, 2002; Meyer, 2003; Nicolaou and Birley, 2003b; Walter et

al., 2005). Networking also helps the inventors to involve themselves in different
types of spin-off either: orthodox spin-off, technological or hybrid spin-off (Nicolaou
and Birley, 2003a). In other words, following Shane, (2004:235) firstly, social
relationships reduce the likelithood of acting opportunistically towards others by
leading people to consider social obligations, generosity, fairness, and equity in their
dealings with others (Marsden, 1981; Granovetter, 1985; Uzzi, 1996). Secondly,
social ties create an incentive to preserve that relationship for future interactions, by
sanctions against those who violate implicit contracts (Gulati, 1995). Thirdly, social

ties transfer information about people and opportunities (Burt, 1992). Fourthly, social
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ties lead people to make more positive judgements about others (Podolny, 1994,
Stuart et al., 1999).

Shane and Cable (2002) have carried out a survey on 202 US venture
capitalists and 50 high tech ventures 1n 1998, which focused on the demand and
supply side. The study looked at the effects of social capital as a part of the
investment decision to fund company formation at the early stage. The survey
showed that direct ties and indirect ties have a strong and positive relationship to the
probability of investment from financiers for the seed stage. Direct or indirect social

ties could overcome the information asymmetry problem between inventors and

investors. Social ties provide for investors with information about entrepreneurs that
could influence the investors to invest at the seed stage. Shane and Stuart (2002)
support this view in their survey of 134 MIT firms focused on a broader view of
start-up endowment. The study indicated how start-up endowment, which includes
social capital, human capital, technical assets and industry attractiveness influence
performance of a start-up up to IPO stage. The survey pointed out that firms whose
founders had social ties to venture capitalists before the founding of their firms, were
more likely to receive funding and were less likely to fail. Shane (2004) further
asserts that inventors that have networks with the MIT’s TTO have a better chance of
obtaining funding.

In addition, Nicolaou and Birley (2003) theoretically examined the role of
exoinstitutional and endoinstitutional individual network influences on the types of
spin-offs that were formed. It was noted that networks facilitate spin-off formation
by providing four benefits: a process of recognition of opportunities; access to
resources; timing implications to market; a source of status and referrals. It was
proposed that an academic’s embeddedness 1n networking of ties either,
exoinstitutional or endoinstitutional, influences the type of spin-off initiated; either
orthodox spin-off, hybrid spin-off or technological spin-off. Exoinstitutional social
networks led to orthodox spin-outs being formed which developed more
entrepreneurial academic-entrepreneurs who worked full time in the firms. The
inventors received greater social support from this type of network, had greater

opportunities for generating radical technology through opportunity recognition

support from social partners. An endoinstitutional social network confined to
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intradepartmental and interdepartmental areas was more likely to lead to hybrid and
technological spin-outs. Only the technology will spin-out but the academic remains
in the university for hybrid and technological spin-outs.

The above studies show that informal and formal networks are important for
both routes of exploitation. Personal contact or informal networking through a long
history normally leads to a company licensing a university patent. For spin-offs, the
network empire must be broader in scope of contact beyond the companies. Personal
contact or social ties of inventors-entrepreneurs with the external world provides
them with greater access to funding. However, the problem with academic

entrepreneurs is that they do not know how to build network before the firm creation.

e Team formation

New ventures can be exploited by a single entrepreneur or by a team of
entrepreneurs (Shane, 2003). The entrepreneurs must determine how large the
founding team should be (Shane, 2003). A venture team can bring together a
complete knowledge of the areas relevant to the new venture (Roberts, 1991a;
Roberts, 1991b; Cooper and Daily, 2000) and allow those who have previously
worked together and who are able to communicate with and trust each other to come
together (Cooper and Daily, 2000). Empirical evidence demonstrates that companies
started by teams are more successful than those founded by individuals (Cooper et

al., 1988; Shane, 2003).

Clarysee and Moray, (2004) has studied how a team was formed in a Spin-off
Company, a Belgium University. The study has shown how the champion of the
venture automatically evolves into the CEO position if the training is given and in

this instance the current (external) CEO created problems both for management and

the direction of the company. According to Clarysee and Moray (2004), an external

CEO hired from outside at the start of the venture can create problems for the team.

The CEO did not understand the technology very well and tried to develop the
business in the direction he favoured, which diverted the company from its original

target market. After a year of operation, one of the engineers from the entrepreneurial

team was coached by the financiers and gained the knowledge needed to run the

70



company instead of hiring a CEO. The professional manager is only needed when the

company has gained revenues and 1s at breakeven.

V. Characteristics of technologies that lead to spin-off or licencing to an

established company
The characteristics of university patents or technologies affect the route of

exploitation, the patent being exploited either through spin-offs or through licensing
to an established firm. The characteristics of patents exploited through spin-off and

licensing to established companies according to Shane (2004) are shown in Table

2.3.

The tcharacterics of technologies that lead to being licensed to spin-
offs and established companies

Spin—off firm Established firm

and major technical advance and minor technical advance
S Tact ___ |3.Codified
5. Strong IP protection
Source; Shane (2004:103) with modification.

Table 2.3:

. Early stage
Markman et al. (2005) explained that there are four stages of technology

development, resulting from a survey of TTOs: the early stage, proof of concept
stage, reduction to practice stage and prototyping, formulation and compounding
stage. Table 2.4 explains the detail of the stages. Early stage technologies are often
linked with an uncertain market and need more funding to develop up to the
commercially viable stage, it can be difficult to capture value and there is a longer
time horizon (Thursby and Thursby 2001; Thursby and Thursby 2004; Shane, 2004).
Empirical research has shown that technologies from universities are difficult
to license especially to established companies. These views confirm the survey of
licensing offices at 62 universities in the US by Thursby et al. (2001) who noted that

most of university technologies are at embryonic stage at the time they were
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Table 2.4: Technology stages
Technolog

1. Early stage An early stage technology may be an idea that may work should
the idea be reduced to practice. This technology may be the
crude extract of some plant or cell that seems have an in vitro
effect. Neither the exact compound in the extract is known, nor
has the exact mechanism of its effect been identified.
An 1dea or new technology has been developed to the point that
its shows signs of having the proposed effect. Similarly a few

target compounds in a crude extract may have been identified,
but the mechanism by which they act may not have been

discovered yet.
At this stage, an experimental model of the idea has been
replicated several times and the intended results have been

reliably and repeatedly reproduced. The mechanism of the

compounds may also have been identified and again, reliable
result will have been reproduced.

2. Proof of concept

3.Reduction to
practice

4,Prototyping,
formulation of
compound

The new technology now can be constructed as reliable method
of producing a given result and/or it can be predictably

manipulated to produce design results. For instant a compound
from a crude extract would have been either scale up to
industrial scale; based on its identified action. The compound
could be used to screen for inhibitors or be used as a diagnostic

tool. At this stage, new technologies might be applied in new
and different settings.

(Source: Markman et al., 2005).

licensed. Since the technologies are at embryonic stage, universities are likely to

license their patents to small firms (Tomatzky et al., 1999; Thursby and Thursby,
2003; Shane, 2004). Shane (2001, 2002), Scott and Shane (2003) and Shane (2004)

support this evidence that established companies prefer to exploit technologies that
are at the late stages of development with only minor technological development
required, which means less risks and promises quick returns. Large firms focus on

core technologies and often outsource research and development to minimise risks.

This leads universities to increasingly license their patents to small firms short on
cash but are willing to take greater risks, especially in the biomedical industry

(Tomatzky et al., 1999; Thursby et al., 2001; Laursen and Salter, 2004; Thursby and

Thursby, 2004). A similar finding was reported from a survey of 300 industrial
companies (Thursby and Thursby, 2003).
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It was further reported that university inventions have a high failure rate: 42
% of industries indicated that university technologies have a higher failure rate
compared with non-university technologies. A quarter of respondents reported that

university technologies take a longer time than expected to produce up to prototype
stage. 22% of respondents reported that university technologies are not relevant to

the firms’ line of business (Thursby and Thursby, 2003). Why are early stage

technologies not attractive? The reasons are discussed below.

Uncertain value and focus to existing operations The commercial value of
carly stage technologies 1s difficult to see and they tend to lack proof of
effectiveness. This undermines the ability to establish its value and makes it difficult

to set a price. Furthermore, as noted earlier, existing companies are not interested in

early stage and unproven technology. They prefer to license late stage technology
that has been shown to have commercial potential and tend to focus on existing
technologies to enhance returns (Shane, 2004). As a result, the entrepreneurs need to
found firms to develop university technology into products or a service that they can
sell to other firms, Following Shane (2004), the founders of one of the MIT software

spin-off companies with experience in selling his basic technology to established

firms commented:

“No one wants to buy ideas, a technology that’s very vague.
People want to buy something ready to go out of the box.
When we got down to it, there was nothing for them really to
buy. We had nothing that we could just say, here it is, other

than this piece of paper that says its okay for you to develop
this technology that no one wanted to spend the development
money to do. No one would say yes to licensing until they
could actually see the stuff working. They figured that it was

our job to do the development and research on it, not theirs”
(Shane, 2004:116).

Product Development Expertise Established companies do not have the
expertise to develop new technology and managers are not rewarded sufficiently for

bearing the risks of technology development. Established companies find it more
efficient to buy already developed technology rather than to develop the technology
themselves (Shane, 2004). Hence, most established firms relinquish technology

development to small firms and focus only on their core technologies (Tornatzky et
al., 1999; Santoro and Chakrabatrti, 2002; Shane, 2004).
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Ability to Capture Value Established companies refuse to invest large
amounts of money in early stage technologies, which are difficult to value. On the
other hand, inventors are unwilling to license early stage inventions to large firms

and prefer to license to spin-off companies to capture more of the value of their
inventions. As cited from Shane (2004:121) one of the MIT biotechnology
companies founders commented on the difficulties of selling his ideas, that then led
to him forming a company:

“...Was more of a concept than anything. It wasn't even clear
why you'd want to patent something like that. It was more of
a concept of how things worked. It wasn't a composition of

matter patent. It was more of a way of proceeding. There was
no technology to license. It was just ideas. It was our

knowledge and insight. It’s not that I had a specific gizmo
that we developed as we started our own company. You see,

I've started a bunch of companies and none of them were

based on specific experiments or specific things being done in
my lab. It was more general concepts that I was aware that
you could bring to market...”.

Time horizon. Established companies do not like to license university
technologies that have an unknown or long time horizon. They intend to license
ready-made technology. Thus, spin-off companies are a common vehicle for
commercialising early stage technologies that have long time horizons for further
development (Shane, 2004). However, as Markman et al. (2003) and Thursby and
Thursby (2004) mentioned before, established firms also license early stage
technology but with a lower rate of royalty or they only pay upfront payment to
develop the technology. This contradicts Shane’s (2001a, 2001b, 2004) finding.
Established firms licensing university technology at an early stage may be involved
with non-core technologies (Tomazky 1999; Waugaman and Gray 1999; Santoro and
Chakrabatrti 2002;Thursby and Thursby 2004; Laursen and Salter, 2004).

. Scope of Patent.

Many studies have been done to examine the effect of patent and patent scope
on industrial innovation. However, not many studies focus on the scope of patent and
links with the formation of spin-off firms. Only Lerner (1994), Shane (2001a), Shane
(2001b) Shane and Nekar (2003) and Shane (2004) are involved in this aspect.

Lemer (1994) defined patent scope as the number of international patent classes into
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which United State Patent Office (USPTQ) assigned to the patent, which refers to

technological space the patent covers or protects from infringement. Lerner linked
scope with economic value of the patent. The higher the patent classes the higher the
value of patent. Lerner (1994) cited in Shane (2001a: 211) gave evidence that
venture capital backed-biotechnology firms with broader scope of patents, as
measured by a count four digits international patent classes received higher
valuation. Similar regression results reported by Shane (2001a: 216) of 1397 MIT
patents found that the more radical the patent, the broader the patent scope and the
more important of patent tend to exploit through spin-off formation. According to
Shane (2001a, 2001b, 2004), technological opportunities with broader intellectual
property protection are more commonly commercialised through company formation
or spin-offs and the narrow scope patent will be licensed to established firms. New
firms normally lack complementary assets such as good marketing and
manufacturing systems (Teece, 1986), having a broad scope of patent or effective
patent protection may provide competitive advantages in the industry in which the
technology will be exploited. Shane (2001b) used the same sample to examine the
factors determining firm formation from broader aspects involving technology
regimes and environment. He found that the younger the age of technology, the
market is too small and the more it will be exploited by spin-offs. Established firms
are more attracted to larger markets. In addition, spin-off is suitable when the market
is segmented. Furthermore, strong patent protection allows the entrepreneurs to enjoy

the profits before competitors copy the new technologies. This is great incentive that

leads to firm formation by the inventors. Thus, the more important the
complementary assets in marketing and distribution are, the fewer the number of new
firms who can exploit the inventions. Earlier studies by Lowe of the UK spin-off

situation (1993) and Hsu and Bemstein (1997) supported Shane’s (2001a; 2001b)

conclusions.

Though the broad scope of the patent and radicalness of technologies, as
claimed by Shane (2001a), are the reasons university inventors choose to form a
company, the formation and survival of the company does not only depend on them.
Other factors discussed earlier and the concentration of industries will influence the

survival of the firm. Nerkar and Shane (2003) developed a model to study 128 MIT
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firms between 1980 and 1996. It was found that the use of technology and the scope
of the patent only reduce the number of failures of new firms in the context of
fragmented markets but not in concentrated industries. In concentrated industries, it

is difficult for new firms to enter the market, in which established companies have

the monopoly of market in terms of size, associated players, image and customers.
All the three studies above (Shane 2001b, 2003, 2004) used MIT as a single sample
and the result should be interpreted with caution.

Another way to understand scope of patent refers to the first claim granted
through a patent. If the claim is broad, then the patent is broad and strong (Shane,
2004), which is the definition adopted in this study. A broader patent scope allows
the company wider powers to block competitors from exploiting the technology that
they licensed. Broader patent protection gives competitive advantage to new firms
against their competitors and prevents appropriation. Furthermore, the strength of the
patent’s claim 1s normally determined by the broadness of the scope of the patents,
which do not cover any specific physical embodiment of the technology (Shane,
2004). A broad patent scope also has no prior art and has a family patent*. A family
patent means when a patent has another or a few subsequent patents from the first
technology invented.

All the above studies only focus on the influence of the scope of patent and
patent effectiveness that leads to firm formation, which focus more on the economic
point of view. Thus, a more comprehensive study needs to be done to enhance the

effectiveness of the process before those holding the patents decide which route to

commercialisation would be appropriate.

* Radicalness of technology

Radical technologies are important for spin-off creation whilst single product
extension or incremental invention 1s suitable to license to established companies
(Shane 2001a; Shane 2001b; Shane, 2004). Radicalness is a measure of the number
of patent classes cited outside of a patent’s own patent class (Trajtenberg et al., 1997,
Shane, 2001a; Shane, 2001b; Nerkar and Shane, 2003; Shane, 2004). The assignment

4 Interview with TTO Director University of Strathclyde.
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of a patent to a particular patent class by patent office indicates that the patent
belongs to a particular technical field. When a patent cites previous patents in classes

other than the one it is in, that pattern suggests that the invention has been based
upon different technical paradigms from the one in which it is applied. A more
straight forward definition of a radical technology, suggested by Shane (2004:15) is
an invention that involves a step-change in the nature of the technology. This
definition is applied in this thesis. Radical technology has a tendency to exploitation
through licensing to spin-off companies because: 1) radical technologies cannibalise
existing assets; 2) radical technologies undermine existing organisational
competencies; 3) established firms tend to react to radical technologies with disbelief
(Shane, 2004:105).

° General purpose technologies

General purpose technologies or inventions that have multipurpose
applications tend to be exploited through spin-off companies because they offer
multiple market applications and established companies only focus on their core
technology and are not interested with multipurpose technologies (Thursby and
Thursby, 2004; Shane, 2004). Thus, these types of technologies are difficult to
license to established companies. Multiple market applications allow the founders to
change the first application if it fails. Furthermore it allows the company to spread

the risks and recover their costs across different market applications.
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vi. Industries where spin-offs occur

Spin-offs are claimed to be more successful in certain industries compared

with others. The most common industry for spin-off is biotechnology followed by
computer software. Between 1986 and 1996 more than half MIT spin-offs were
based on these sectors (Shane, 2004). This is confirmed by evidence from other
countries such as the UK (Smith and Ho, 2006), Switzerland and France (Lowe,
1993; Olofsson and Wahlbin, 1993; Dahlstrand, 1997; Mustar, 1997). Following Ku
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