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Objectives: The study was conducted to examine the criteria used by university Technology Transfer Offices (TTOs) in the choice of which technologies to patent, and subsequently the decisions on which route to commercialisation.

Prior work: The role of universities has evolved over the centuries, from its traditional teaching and research roles to the ‘Entrepreneurial University’ which emphasises the links between university and industry through various knowledge transfer practices and other efforts to commercialise their research results. This shift was first adopted by US universities and now replicated by universities in Europe, Australia and Asia.

One of the key features in the emergence of the ‘entrepreneurial university’ has been a sharp increase in patenting by universities. However, both the number and proportion of exploited patents is small compared to the total number of patents granted. Given the costs of patenting this represents a significant waste of resources.

Approach: The study uses qualitative methods incorporating a case study. Seven directors of technology transfer offices in universities in Scotland and England were interviewed to understand the general process of patenting and commercialization of intellectual properties (IP). Then the patent portfolio of the University of Strathclyde was used as the case study. Two samples of patents from the portfolio, comprising patents that were commercially exploited, and those comprising unexploited patents, were examined in order to understand the different outcomes. Exploited patents were grouped into those that were licensed to established companies and those that were used to start new spin-off companies.

Results: The findings indicate that most universities patent and commercialised their research based on motivations of the inventors, TTO or industries’ initiative. A new scoring system is put forward, to be utilised as a due diligence system, based on an existing system but was enhanced due to findings of this study.

Implications: The study suggested TTOs need to apply a due diligence system as a strategic tools in selecting which invention should be given priority to patent then which route is best to commercialise.

Value: By using this system, a better and more effective decisions on patenting and commercialisation of new technologies would be practiced by the TTO and the policy makers of the university.

1. Introduction

Recently the roles of universities in the US, Europe and Asia have changed from mode 1 to mode 2 knowledge acquisition. ‘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 systems in contrast to the previous system in which major corporations or academic institutions were less closely linked with other social institutions. These changes were due to several reasons: firstly, central governments reduced the amount of funding to their universities in real terms since the early1980s (Bower, 1992; Etzkowitz, 2002). Universities have been encouraged by their governments to raise funding from third party sources.

One of the effect of this policy is it has encouraged universities to review their R & D activities and aimed their efforts into increasing the exploitation of their intellectual properties through licensing to established companies or to new spin-off companies (Bower, 1992; Malecki, 1997; Lazzeroni and Piccaluga, 2003). Secondly, 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 be involved in their local regional development (Young, 2004). Thirdly, many governments provide special funding programmes for specific purposes, such as incubator facilities for new local enterprises and introducing patenting laws such as the Bayh-Dole Act in the US universities and the devolution of the rights from the state–agency British Technology Group (BTG) to facilitate commercialisation process. The UK’s University Challenge Funds and Scotland’s Proof of Concept Fund are given to universities to develop inventions up to prototype level (Etzkowitz, 2000, 2002; Lambert 2003).

In 1980, the US Supreme Court has allowed engineered micro organisms to be patented, resulting in an explosion of research activities in genetic engineering and biotechnology fields. These new laws also created a new phenomenon where universities got into patenting and commercialisation activities in a big way bringing them towards being entrepreneurial universities.

2. Patenting by universities

Governments recognise universities to be a central player in the national innovation system especially in the creation of new technologies. As such universities were also encouraged to be more actively involved in commercialisation of their technologies, such as 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). The new government policies has since increased the patenting activities in universities every year and the number of universities involved in patenting and licensing activities has also 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). This then results in patenting becoming an important tool for the measurement of the productivity of scientific research (Lazzeroni and Piccaluga, 2003).

As universities evolve to become more entrepreneurial, they must identify inventions that have commercialisation potential and seek patent protections as a preliminary step to exploiting them. However by no means all granted patents were 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 established firms or through spin-offs. This percentage is below the OECD (2002) which reported that 20% to 40% of patents are licensed.

In a more recent survey (2004) by the Association of University Technology Transfer Management (AUTM) it was reported that only 22.4% of the total of 27,322 active licenses earned any income (Pressman, 2004) and out of that, only a few licenses generate significant income. This bring a conclusion that only a few university licensed technologies bring in substantial income (Jensen and Thursby, 2001; Grafft and Heirman, 2002; OECD, 2002). These statistics questioned the effectiveness of the patenting activities in public universities.
Recent data from UK universities showed that the total number of License, Options and Agreements (LOAs) and income, increased in 2004. It was reported that 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; Lockett et al., 2005). OECD (2002) suggests TTOs just randomly filed and licensed their patents. Other views are that the TTOs’ decisions to commercialise are based on 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., 2005).

Thus, in this paper, the question asked is why are the number of university patents continue to increase but exploited patents are still small in number. Specifically, this study examined the criteria used by the TTOs in selecting inventions to patent and commercialise. From this study a proposal to enhance the effectiveness of the whole commercialisation process is put forward.

3. Why some universities patents are not commercialised and some are?

The reasons why most university inventions were not commercially exploited have not been studied intensively. Literature reviews revealed only few studies which mainly focused on industry, and why they were unwilling to exploit university technologies (Hsu and Bernstein, 1997;Henderson et al., 1998; Mowery, 2002; Thursby and Thursby, 2003). The reasons given by previous studies why some university technologies are not exploited and some are exploited are discussed below.

i. The roles of Technology Transfer Offices

· Evaluation and selection problem

TTOs have been found not to be too effective in their commercialisation efforts. It has been reported that TTOs have inadequate funding, lack due diligence systems, have inadequate staffing levels and have staff that lack experience in commercialisation activities (Colyvas et al., 2002; Lockett et al., 2002; Markman et al., 2005).

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) to evaluate the impact of newly disclosed technologies and their commercial potentials. 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 little commercial value. Some universities 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). Meseri and Maital (2001) suggested evaluations on 20 criteria for selecting a project for further action by the technology transfer offices in Israel. The selection criteria are in accordance to the practice being used by MIT and private sectors in the USA. The six main 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 score marks for university projects, which looked at a various aspects as practiced by private sector assessments. But the calculation of the score is not straight forward and is a complicated exercise. This system itself is 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 the motivation to commercialise their inventions.
· TTO’s resources and expertise 
Some universities support more spin-offs than licensing to established companies and other universities have reverse strategies. How supportive TTOs are in these commercialisation ventures always relates to the level of resources available (Shane, 2004), and how helpful the TTOs are (Audretsch et al. 2006). These factors are related to each other.

First is the availability of resources. Some universities invest a lot of money in their TTOs to promote spin-off companies. A company formation needs high investment. TTOs have to spend an additional amount to the Patent Agents, conduct market research and negotiate an exclusive licence, which takes more time. With these activities and given budget constraints, many universities lack sufficient staff to undertake the extra activities adequately and have lower rate of spin-off formation than others (Wright et al., 2006) and prefer to license to established companies. Lockett et al. (2003b) in a survey of 57 respondents in the UK universities found that new entrant universities prefer licensing to established firms due to a lack of clear strategies and resources. TTOs prefer to license to established companies to generate ‘instant’ cash and royalties compared with spin-offs (Siegal et al., 2003a; Siegal et al., 2003b; Siegal et al., 2004; Markman, 2005) which they considered risky and requires special skills and expertise from them.

The second factor is whether inventors perceived TTOs as helpful or otherwise, which is based on the perceived adequacy of their resources and their capability. It discourages inventors from disclosing their quality inventions if the inventors perceived that the TTOs have inadequate resources and capabilities (Jensen et al., 2003).

TTOs staff need business development capabilities in spin-off formation which should focus on: i) a clear process for conducting intellectual property evaluation and due diligence to ensure IPR is identified and fully evaluated before commercialisation process could commence, ii) an absolute requirement for clear policies, processes and routines for creating and developing university spin-outs. The creation of USO included legally protected intellectual properties and the managerial and marketing skills, premises and financial resources to enable spin-off to prosper and iii) enhancing experience and the expertise of TTO personnel (Lockett and Wright, 2005).

ii. Characteristics of university technologies

· Non- commercial value

Unexploited patents are viewed to be early stage technologies with weak patent protection and the technologies did not show any sign of significant technological advance or significant potential economic value. These characteristics inhibit them from being commercialised. Most university technologies in the US since 1980 have decreased in importance and in their value and were less cited compared to mid 1980s (Trajtenberg et al., 1997; Hsu and Bernstein, 1997; Henderson et al., 1998). Hsu and Bernstein (1997) reported that unexploited technologies are due to insufficient maturity in the proof of concept, or a lack of apparent commercial value. Similar findings have been reported by Jensen and Thursby (2001). University technologies were claimed to be too basic and thus, are still far away from market applications and so uncertain to succeed in the market (Shane, 2004; Strandburg, 2005).

· Early stage, radical technologies, general purpose technologies and broad scope of patents.

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 1.1.

Table 1.1:
The characteristics of technologies that were licensed to spin-offs and established companies

	Spin–off firm
	Established firm

	1. Early stage
	1. Late stage

	2. Radical, significant customer value and major technical advance
	2.Incremental, moderate customer value and minor technical advance

	3. Tacit knowledge
	3. Codified knowledge

	4. General purpose
	4. Specific purpose

	5. Strong IP protection
	5. Weak IP protection


Source: Shane (2004:103) with modification.

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 (Tornatzky et al., 1999; Thursby and Thursby, 2003; Shane, 2004; Markman et al., 2005). 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. 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 (Tornatzky et al., 1999; Thursby et al., 2001; Thursby & Thursby, 2003; Thursby and Thursby, 2004; Laursen and Salter, 2004).

Radical technology is an invention that involves a step-change in the nature of the technology. It has a tendency towards exploitation through licensing to spin-off companies because: 1) radical technologies would cannibalise existing assets; 2) radical technologies would undermine existing organisational competencies; 3) established firms tend to react to radical technologies with disbelief (Shane, 2004;105).

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 technologies 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.

Shane (2001a; 2001b; 2004) suggests that industries prefer to exploit patents that have broad scope. On the other hand, if patents are too broad or too narrow, it is difficult for the inventors to identify the specific market that needs or wants to utilise their inventions. The recognition of the market is very important factor in the exploitation efforts of the patented inventions. Lerner (1994) cited in Shane (2001a: 211) gave evidence that venture capital backed-biotechnology firms with broader scope of patents, as measured by the count of four digits international patent classes received higher valuation. Similar regression results reported by Shane (2001a: 216) showed that in a survey of 1397 MIT patents, the more radical the patent, and the broader the patent scope, the higher the chances that they would be exploited through spin-off formations. Shane (2001a, 2001b, 2004) further said that technological opportunities with broader intellectual property protection are more commonly commercialised through company formations or spin-offs and the narrow scope patents will be licensed to established firms.
iii. Motivation 

Previous research suggests that university spin-off companies or new venture creations are founded by inventors or entrepreneurs who have certain psychological and motivational characteristics such as a disposition to act, are willing to take risks, energetic, willing to give full commitment to the venture and are of extrovert characteristics that make it easy to network with others (Khilstrom and Laffont, 1979; Shapero, 1984; Oakey, 1984; Doutriaux, 1987; Olofsson et al., 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 crucial parts in shaping inventors to be entrepreneurs. The desire to see their inventions being exploited led most of the inventors to license their technologies either to spin-offs or to established companies. Their main motivation was the desire to see their inventions developed into useful products and achieves commercial viability. Money was a secondary reason to license the inventions, which is consistent with studies done by Shapero (1984), Olofson et al. (1987), Blair and Hitchen (1998) and Shane (2003, 2004). However, inventors who licensed their patents to established companies were more risk averse and it suggests they were not interested in entrepreneurial and commercialisation activities.

The inventors of unexploited patents were found to be unwilling to go out to market their technologies to industry because of the technologies are at embryonic stage and they are too busy with their university workloads. This is one of the reasons why their inventions were not exploited.

iv. Opportunity recognition

Who first recognised the opportunity is crucial in patent exploitation. Academic inventors, the university (through the TTOs), potential surrogate entrepreneurs or some external private sector organisation were identified to have recognised the opportunities (Franklin et al., 2001; Lockett et al., 2002; Lockett et al., 2003a; Lockett et al., 2003b; Wright et al., 2006). Normally academics and TTOs jointly recognise the opportunities, define and target their exploitation. University partnership with corporations will also help inventors recognise opportunities. A company that has sponsored research or contract research with universities usually recognises opportunities, thus normally intends to license the technology (Thursby et al., 2001; Colyvas et al., 2002; Thursby and Thursby, 2004).

Ideally the TTOs are the party who should first recognise the opportunities before other external parties (Lockett et al. 2003a; 2005). However, in particular fields the skills of the TTO staff and of the inventors may not be enough to recognise any opportunities. In some cases opportunities are imprecisely or ambiguously defined, or targeted at a wrong market, would in turn makes the technology non-viable (Vohora et al., 2003). The TTO and academics lack understanding of how best to maximise returns and create commercial values from the technologies that they patented (Vohora et al., 2003).

Prior industrial experience is important to validate technologies and enable entrepreneurs or academic staff 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 new products, more developed necessary technologies, and greater managerial capabilities.

v. Research funding and spin-off funding

Industry funding for research projects is claimed to increase the chances that patents from the projects will be exploited compared with government-funded research. Industry funding is easier to obtain when ties with industry exist and this normally leads to patent exploitation. It also increases contract research, consultations and publications, (Robert and Malone, 1996; Etzkowitz, 1998; Shane and Stuart, 2002; Shane and Cable, 2002; Shane, 2004; O’Shea et al, 2005; Powers and McDougall, 2005).

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 and/or marketing strategy, of which only be provided by established companies. The money for product development is also normally be borne by the licensee.

On the other hand sufficient financial resources is needed from the beginning for a new start-up to fund further R&D, then to launch the product, to cover operating costs and to upgrade 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). But the promise of protected market with the inherent higher return makes new spin-off attractive. The funding for the new spin-off may come from external sources such as venture capitalists, business angels, or government seed money.

vi. Inventor involvement in product development and networking

Product development is an important stage that needs both the inventor’s involvement and commitment. A reduced commitment on the part of the inventors to bring their products to the market will lessen the prospect of exploitation of the inventions.

Networking by the inventor is an important influence and can increase the chances of patent exploitation. From the start of the research project networking with industry helps university researchers identify commercial opportunities for their technologies. Less contact with industry leads to inventions not being exploited (Colyvas et al., 2002). Social ties, which include direct and indirect ties, also help inventors get funding for their projects, and the resulting inventions would be easier to license, and spin-offs are easier to create. Thursby et al. (2001) proposed that part of the reasons that patents are not exploited is because of little networking by the inventors. Indirect ties as a source of referral to investors also helps to reduce information asymmetry problems (as suggested by Nicolaou and Birley, 2003; Shane and Stuart, 2001; Shane and Cable, 2002) and reduce the chances of failure of any commercialisation effort. Some TTOs also suggested that inventors’ networking is useful in marketing their inventions. Thursby and Thursby (2004) found that personal contacts between companies’ R&D staff and faculty staff were extremely important in identifying technologies to license. The closer the relationship the higher the likelihood that the firm will license in lieu of sponsored research. Another study reported that the top ten universities in the UK have external networks that facilitate the process of spin-off formations (Lockett et al., 2003b).

4. Methodology

The study uses qualitative method with case study approach. Initially interviews were conducted with seven Directors of Technology Transfer Offices in universities in Scotland (University of Glasgow, University of Heriot Watt and University of Edinburgh) and England (University College of London, University of Warwick and university of Southampton) to understand the general process and management of the commercialisation of university intellectual properties.

Then the patent portfolio from the University of Strathclyde was used as the case study. Two samples of patents from the University patent portfolio, one comprising patents that were commercially exploited, and the other comprising unexploited patents, were examined. Exploited patents included both those that were licensed to established companies and those that were used to start new spin-off companies.

A total of 21 inventors (of 22 patents) from the University have been interviewed covering the two categories of patents. These include 10 inventors (of 10 patents) whose patents were not exploited, 6 inventors (of 6 patents) whose patents were exploited through spin-off formations and another 5 inventors (of 6 patents) whose patents were exploited through licensing to established companies. The interviews were recorded and transcribed and NVivo software package was used to assist in the data analysis. Single case and cross cases analysis were used in analysing the data. The data were finally clustered into eight main themes which are: background of the inventors; motivation factors, opportunity recognition; the decision to patent and to commercialise, the role of the TTO; the role of the inventors; and sources of funding. Other documents such as granted patents documents, a list of granted patents, web sites of universities and companies, and newspaper cuttings were used as triangulations for the data.

5. Findings

5.1 The roles of the TTOs in the selection process of the inventions

The findings showed some evidence that different universities practice different procedures to patent and to commercialise their technologies. The differences are due to the supportiveness and selectivity of the TTOs, and who are involved in the patenting process (see Table 1.2). The resources available, and the skills and experience of the TTO’s staff also influence the selection.

Table 1.2:
Comparison of who are involved in the selection process of disclosed inventions and the commercialisation routes at different universities.

	Universities
	TTO
	Inventors
	Board of committee
	Venture capital com.
	Do market Research
	Licensed to established companies
	Spin-offs formation

	Glasgow
	√*
	
	
	
	
	√**
	√

	Southampton
	√*
	
	
	
	√
	√**
	√

	Warwick
	√*
	√
	
	
	√
	√**
	√

	Uni. College of London
	√*
	√
	
	√
	
	
	

	Herriot-watt
	√
	√
	√
	
	
	√**
	√

	Edinburgh
	√
	√
	√
	
	
	√**
	√

	Strathclyde
	√
	√
	√
	
	
	√**
	√


Note:
*
= very selective in patenting process

**
= first choice in their commercialisation route

The study also found that the inventions will be evaluated for potential applications and patent potential in all universities. At this level, the personnel who are involved in the decision to proceed to patent filing or otherwise and how to conduct market research differ between universities. Initially and generally, inventors and the TTO Directors or the TTO Directors alone will decide whether or not to patent the invention. For example, in the University of Edinburgh the initial discussion is almost always between the inventors and the business development managers of the TTO. These people would decide whether the invention should be patented. They would also discuss the initial possible applications and markets for the inventions. Their decisions are then reported to the Director of the TTO and the Director would decide whether to patent the invention and whichever route to exploit it.

Basically, for all the universities the decision as to whether to file a patent application is generally based on at least three main questions, which are similar to US universities (CORG, 2000; Rootner, 2004). They are;

i)
The inventions have prior art or not?

ii)
Does the invention have commercial value to attract the commercial investments?

iii)
Are there funds available within the institution or prospective licensee to pay for the patenting cost?

If the invention fulfils these criteria, universities will normally take positive steps to patent the inventions, even though at that time they have to make a difficult decision due to the uncertain market for the technology. Delaying the decision to patent will affect publications, and competitors might be the first to file the inventions for patents. The University of Strathclyde files patent applications as quickly as they can after having a meeting with the inventors or immediately after a board meeting. Prospective licensees are sought immediately after patent applications are filed.

In the selection process, the University of Warwick has the most systematic system and is very selective with regard to the characteristics of the inventions that they want to file for patent. The University also has a special and comprehensive evaluation form compared to other universities. It uses a scoring system to identify the market potential of the inventions. At the university the inventors that have inventions or ideas to disclose will contact the TTO. They are then given a copy of COAP (Commercial Opportunity Appraisal Process) to fill. This system is used for managing commercial opportunities arising from research results. It is to ensure that all commercial opportunities are systematically recorded, and to ensure that the decisions to pursue or to drop the disclosed inventions are made in an open, consultative manner, which can subsequently be properly justified. The Scoring system is based on a 10 dimensional rating scale: 
i)
Uniqueness of the technology

ii) Readiness of the technology for production

iii) Value of the market

iv) Anticipated profit margin

v) Intensity of competition in the market

vi) Competitive edged of the product or service

vii) Ease access to the market

viii) Customer conservatism

ix) Commitment of the team

x) Commercial experience of the team.

Each invention disclosure would be scored from 5 (excellence) to 0 (very poor) on each dimension. Scores on each of the ten dimensions are then totalled and doubled to give a score out of 100. If the marks scored were more than 56%, the inventions were judged to have enough commercial potential and thus were considered worthy of patent applications.

Nevertheless, the University of Southampton and Warwick University for example, patent the inventions that really have potential value and only after thorough market research
 have been done. The other universities totally rely on their inventors for market information on the invention. University of Southampton and Warwick University have done thorough market research and identified market size and value of the inventions, and identified who are the players in the field and their potential customers. Only inventions that have commercial value and need protection are patented. 

The case study result from the University of Strathclyde patents indicates that the TTO have insufficient skills to evaluate all technologies. An inventor of one unexploited patent claimed that the TTO did not have any systematic policy in commercialisation process. One of the inventors commented;


“… they don’t have policies that are written anywhere ... there is no written policy that I know about. But [they, the University/the TTO] try to encourage innovation and activities …”.

5.2 The case study findings

· The decision to patent and to commercialise

The case study findings show that the decision to file for a patent for a newly disclosed technology normally involves the inventor, the TTO or the industry individually, although the decision could be made jointly by more than one of the parties mentioned. Generally, the data show that the TTO had a greater involvement in the decisions to seek patent protections in the case of unexploited patents.

On the other hand the patents that were licensed to spin-off companies the inventors were more influential in the decision to patent. The inventors decided to seek patent protection in three cases (50%), the TTO decided on two (33%) and both the TTO and the inventor decided on one.

The patents that the University licensed to established companies showed a slightly different pattern. Half of the decisions (3 patents) to seek patent protection were made by the TTO, and another half by the research teams and their industry partners. In the decision to commercialise through licensing to established companies, half of the cases were initiated by then research team and their industry partners.

· The stages of technologies

Literatures mostly concluded that patented technologies that were licensed were at the embryonic stage, but the findings of this study showed that some were exploited at the later stage of technology cycle. One of the inventors commented:

“…They [venture capitalists] won’t look at anything that’s proof of concept. They don’t want to put a lot of money in, taking it to the product stage ... but they all said ‘if the product existed and if there is a good market for it …’

As such from the financing point the commercial exploitation has to come at later stages. Half of the patents that were exploited through spin-off companies were at prototype stage. 

All the inventors in this study claimed their patents covered broad scope of the technology such that their technologies should be suitable for exploitation by new companies. This study confirmed this conclusion as all the technologies exploited through spin-off companies could be considered to have wide scope of patent protection.

· Sources of research funding and spin-off funding
The findings show that almost 80% of unexploited patents were the result of government funded research projects, and all the patents that were exploited through established companies were the result of industry funded research projects. Patents that were licensed to spin-off companies were divided equally between those funded by government and those funded by industry. 

For spin-off creation, both government funding and external funding are important. Government funding could be used by the companies for early stage product development as none or little returns were expected, whereas private external funding would be used to manufacture the product to bring it to the market.

6. Discussion

The findings show that many university TTOs in the UK did not have any systematic due diligence system in selecting inventions that they would file for patent protections and then work towards commercialization of the technologies. Many depended on the motivation of the inventors in their decision to file for patent resulting in most patents not being exploited, or are only in low value commercial applications. It was also found that the decision to commercialise those technologies through spin-offs were initiated by the inventors.

Another conclusion that could be drawn is that if inventors have industry experience it is more likely that their inventions would be filed for patent and then commercialised. The inventors that have industrial experience either through consultation works or as an employee have an advantage as they would be more able to recognise opportunities for their technologies thus would have better chance for patent exploitation. Industry also plays important roles in the decision to patent when they funded research projects and, if any patent were granted, they would normally licensed them. Industry researchers’ also play important roles in recognising commercial opportunities of the patented technologies, as they know the market better.

Only Warwick University has a good practice and clear policy in the selection process. The disclosure form that is used to evaluate the inventions in the University of Strathclyde is just a form to report the background of the inventions. The Warwick TTO uses a quite comprehensive scoring system (the ten dimensions as mentioned in Section 5.1) in appraising any new technology disclosures. This is named here as the Warwick model COAP, and together with a clear policy in commercialisation, they were able to choose which project should be given priority in their efforts to seek patent protections and to exploit the patents.

This scoring system was also found not to be exhaustive as it does not include opportunity recognition, source of funding, business and industry experience of inventors, uniqueness of the technology and broadness of its patent, and the stage and readiness of the technology for production or product applications. These additional concerns are added into the appraisal system and the resulting system is named as the Warwick-Ismail Appraisal System. This can be found in the appendix of this paper.

Many universities technologies are at embryonic stage when the inventors disclosed the inventions. This supports the study by Thursby e al. (200) which might explain why most universities did not adopt any due diligence system. Technologies that were too embryonic would mean that it would be difficult to identify their applications. Another possible reason which came out of this study is the lack of expertise in the TTO to help the inventors, resulting in the strategy of ‘patent first and exploit later’.

Another important factor is the route through which the patents were commercially exploited. In this study it was categorised into two namely commercialisation through established companies and through new university spin-off companies.

The stage of the technology, how broad the scope of patent protection is and is the technologies multipurpose would influence the decision of which route to commercialisation. Patents of early stage technologies, with broad patent scope, radical and multipurpose technologies would be exploited through spin-offs creation as suggested by Shane (2001a, 2001b, 2004). However, the data in this study showed that both early and later stage technologies were exploited through established companies which contradicts Shane’s conclusion, but supports Markman et al. (2005). In this study even though the technologies were in their early stages, they have shown market potential and clear opportunities that were to be exploited. This resulted in the industry willingness to exploit the technologies and they increase their chance of licensing them through sponsored research. Through this method of exploitation, the industry paid upfront fees to conduct further research and will pay royalties to the university when the technologies are transformed into the commercial products, or they were utilised in existing products.

The involvement of the inventors in networking and product development is the third criteria in the decision of the route to commercialisation. The finding confirmed that personal contacts of the inventors with industry give more opportunities for patents exploitations. The evidences are consistence with studies by Colyvas et al. (2002) and Shane (2004). Personal contact with industry would mainly reduce any information asymmetry problems and thus reduce any barriers for industry to invest in the technology development projects in the universities.

Finally, the finding confirms that the sources of funding influence the patent exploitation. Industry funding would usually lead to patents being exploited through licensing to established companies. Industry is more expert and sensitive about the future market of the technologies, and they would fund further development of the technologies and license them once they are ready to be commercially utilised.

7. Suggestions

Given the costs, efforts and time spent of patenting, any unexploited patents represent a significant waste of resources. They are also considered opportunity costs to the university efforts to diversify its sources of income. Thus it is prudent to reduce the number of unexploited patents and enhance the effectiveness of the patenting process practiced by the TTOs. The following proposals are to streamline and increase the effectiveness of the patenting and commercialisation process undertaken by university TTOs starting with the appraisals of any disclosure of new technologies to the TTOs.
Table 1.3
Scoring results from the data (based on the Warwick Ventures scoring system)

	Types of Patents
	Criteria 1
	Criteria 2
	Criteria 3
	Criteria 4
	Criteria 5
	Criteria 6
	Criteria 7
	Criteria 8
	Criteria 9
	Criteria 10
	Scores
	Total score

	Unexploited Patents
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	1
	2
	3
	2
	3
	3
	3
	3
	1
	2
	0
	22
	44

	2
	2
	1
	0
	0
	0
	0
	0
	0
	0
	0
	3
	6

	3
	2
	3
	3
	2
	4
	1
	2
	1
	2
	3
	23
	46

	4
	4
	3
	2
	3
	2
	3
	1
	1
	2
	2
	23
	46

	5
	4
	3
	2
	3
	3
	4
	3
	1
	3
	2
	28
	56

	6
	4
	5
	3
	3
	1
	4
	2
	1
	2
	0
	25
	50

	7
	4
	3
	2
	3
	3
	3
	3
	1
	3
	1
	26
	52

	8
	4
	3
	2
	2
	2
	1
	1
	1
	2
	0
	18
	36

	9
	5
	3
	4
	3
	5
	3
	1
	1
	3
	0
	28
	56

	10
	3
	3
	2
	2
	2
	3
	3
	0
	0
	0
	18
	36

	License to Spin-off companies 
	 
	 
	 
	 
	 
	 
	 
	 
	Average
	42.80

	Co. A
	4
	5
	3
	5
	5
	4
	3
	5
	2
	4
	40
	80

	Co. B
	3
	4
	2
	4
	3
	3
	3
	4
	3
	4
	33
	66

	Co. C
	2
	5
	3
	4
	3
	3
	3
	5
	3
	1
	32
	64

	Co. D
	4
	5
	4
	4
	5
	4
	5
	5
	4
	3
	43
	86

	Co. E
	4
	3
	4
	4
	5
	5
	5
	4
	4
	4
	42
	84

	Co. F
	5
	3
	3
	4
	5
	5
	4
	4
	4
	4
	41
	82

	License to established companies
	 
	 
	 
	 
	 
	 
	 
	 
	Average
	77.00

	1
	3
	3
	2
	4
	4
	4
	3
	2
	4
	4
	33
	66

	2
	3
	3
	2
	4
	4
	4
	3
	2
	4
	4
	33
	66

	3
	5
	2
	3
	4
	5
	5
	3
	2
	4
	3
	36
	72

	4
	4
	3
	3
	4
	3
	3
	3
	2
	4
	3
	32
	64

	5
	4
	4
	3
	4
	5
	5
	4
	2
	4
	4
	39
	78

	6
	4
	2
	3
	4
	5
	5
	3
	1
	4
	1
	32
	64

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Average
	68.33


7.1. Suggestions to TTOs

· Have a due diligence system in patent selection process.

Warwick scoring system has been tested using the interview data and information of the three categories of granted patents in the portfolio of the University of Strathclyde. The combined results are shown in Table 1.3. The scores on each of the ten scales were then totalled and doubled, to give a score out of 100. The Warwick University TTO would file for patent if the marks scored were more than 56%. The results show that only two unexploited patents passed the score. The highest scores (more than 80%) are for patents that were exploited through spin-offs formations. Patents that were licensed to established companies have score marks in between the two groups above.

This result showed that the scoring system is quite accurate in determining the potential of a new technology, and thus could be adopted as strategic tool in a technology appraisal system. Any other institutions may set their own cut-off point if using this appraisal system, thus adjusting it to the local conditions and requirement.

· Identify the motivation, opportunity recognition, business and industrial experience of the inventors and the source of project funding.

Beside the ten elements as suggested in Warwick scoring system, the motivation of the inventors to see their invention be exploited and the involvement of the inventors in networking and product development should be considered in the disclosure appraisal process. Business and industrial experience of the inventors also could help them to recognise the opportunity for their inventions. If opportunities are recognised by industry, then the chances that the patents will be licensed to established companies will be increased. If the inventor became a consultant to industry, their patents are more likely to be exploited through spin-off creation. Sources of funding are also a crucial element in determining the potential of a new technology. Industry funding would normally link the technology with higher potential for commercialisation.

All these factors are considered and are included in a modified appraisal system called the Warwick-Ismail Appraisal Model. This new model is attached to the appendix of this paper.

7.2. The suggested Warwick-Ismail Appraisal Model

Warwick scoring system is presently the best tools among other universities. However, from the findings, the Warwick system is missing some important dimensions, which influence the likelihood that a patent will be commercialised. Refinement of the Warwick appraisal system could be made to increase the effectiveness of the selection process any new disclosed technologies. It is suggested that another three new dimensions be added under separate headings and two of the existing dimensions be modified. The suggested new dimensions are:

i. Who first recognised the opportunity. If the industry first recognised the opportunity, then the patent might be better exploited through licensing to established companies rather than through spin-off companies.

ii.
The source(s) of funding for the research projects. An industry funding might point towards the closeness of the research team to industry. The industry connections might help the exploitation of the patent through the initial funders or their associates.

iii.
The management experience of the inventor of running a business. Business management experience should also be given priority as commercial exploitation experience would be an advantage, which COAP already included in its scoring system. A person with more management experience could steer new spin-off into broader markets and networks.

For the two existing dimensions that should be modified, the first is the element of the uniqueness of the technology for the market. This study suggests that the scope of the patent and its potential utility (single or multipurpose) influences the likelihood of commercialisation. The second element is the readiness of the technology for commercialisation. Scoring on these two elements would help the TTO to decide the course of action after disclosures of any new technologies. These changes have been made to the original COAP system, which is now called the Warwick-Ismail Model (see Appendix 1).

8. Limitation of this study

This study involved a case study and interviews with the inventors, inventor-entrepreneurs and with other key informants. The TTO staff selected the patents and the corresponding inventors were interviewed. This situation may provide unknown sample selection bias.

There is also a potential non-response bias as many inventors that licensed their patents to established companies refused to be interviewed as they feared the projects would be known by other parties. In addition, many of the inventors were too busy to be interviewed. Thus, the data are limited to those who were willing to be interviewed and thus were not really a random selection.

Another limitation is that ONLY one individual in a company or a research group has provided the data. Thus a common response bias inflating the findings of the study cannot be ruled out, although the respondents are inventor-entrepreneurs and/or heads of the research groups, who were responsible for the management and development of the firm and the projects.

9. Future research

Future research can be extended to inventors and their patents from other universities in order to make the sample bigger. Thus the different selection process may deepen the understanding of the process.

The effectiveness of the new appraisal system (Warwick-Ismail Appraisal Model) could be compared to the present Warwick model. Patent from private companies could also be tested.

10. Conclusions

Unexploited patents are wastage and are part of the opportunity cost to a university commercialisation programme. Universities should practice selective process to identify which inventions should be patented and concentrate their efforts towards worthy technologies in their commercialisation efforts. Towards enhancing the effectiveness of the selection and management process, a due diligence system should be considered. The system may overcome the selection process biases which were normally based on judgments and motivations of the inventors, or any other individuals. This would help the university choose only the technologies that really have potential to be commercialised. This would also enhance the effectiveness of TTOs and save the patenting cost.

Other factors such as motivation and the involvement of the inventors, who first recognised the opportunities, commercial and industrial experience of the inventors, and the source of funding influence the selection process of the patenting and commercialisation of newly disclosed technologies. These characteristics should thus be taken into account in the selection stage as is suggested in the Warwick-Ismail model of the appraisal system.
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APPENDIX 1: WARWICK-ISMAIL MODEL: COMMERCIAL OPPORTUNITIES APPRAISAL PROCESS 
This is the suggested new Commercial Opportunities Appraisal Process based on 13 dimensions (named as WARWICK-ISMAIL MODEL). These 13-dimensions rating system is the amended COAP scoring system used by Warwick University)
The 13 dimensions chosen are:

A. Opportunity Recognition*

B. Sources of funding*
C. Uniqueness and the broadness of the technology**

D. Stage and readiness of the technology for production**

E. Value of the market

F. Anticipated profit margins

G. Intensity of competition in the market

H. Competitive edge of the product or service

I.  Ease of access to the market

J.  Customer conservatism

K. Commitment and motivation of the team

L. Management and Commercial experience of the team

M. Business Management and industry experience of the team*

Note: * New elements
A:
Opportunity Recognition


B:
Sources of funding


M:
Business Management and industry experience of the team

** Amended elements: 
C:
Uniqueness and the broadness of the technology


D:
Stage and readiness of the technology for production

This work is directly related to Dimensions A, B, C, D and M. Dimensions A, B and M are additions and Dimensions C and D are amendments to COAP as practiced by Warwick University. These additions and amendments are put forward to include influences or factors, which were found in the course of this work, to affect the overall appraisal for technology disclosures.

Each Project should be scored from 5 (excellent) to 0 (very poor) on each dimension. The scores on each of the thirteen dimensions can be totalled to give a score of 65. The total score needs to be converted to percentage by multiplying by 100 and dividing by 65. This can be useful in prioritising.

WARWICK-ISMAIL MODEL THE 13 DIMENSIONS COAP

A. Opportunity Recognition *

Score 5:
The opportunity is recognised by the inventors or members of the team.
Score 4:
The opportunity is recognised by the inventors/ members of the team or jointly by the TTO or by industry

Score 3:
The opportunity is recognised by the industry
Score 2:
The opportunity is recognised by the TTO.

Score 1: 
The opportunity is recognised by the inventors but difficult to convince.

Score 0:
The opportunity is not recognised by either inventors; TTO nor industry.

B. Sources of Funding*

Score 5:
The project was funded totally by industry
Score 4:
The project was funded by various sources of funding such as government, charity organisations and industries.

Score 3:
The project was totally funded by the government

Score 2:
The project was funded by internal University fund
Score 1:
The project only used petty cash to buy simple equipment.
Score 0:
The project only used the existing sources of equipments or recycle resources.
C. Uniqueness of the technology**

Score 5:
for a broad scope, family of patents, granted worldwide, which covers several interlinked aspects of the technology

Score 4:
for a broad scope, single patent, granted worldwide, which covers the fundamentals of the technology, or for a very major suite of softwares that would take many years to duplicate

Score 3:
for a broad scope, strong patent application, or for an incremental technology or significant new development of existing technology

Score 2:
for narrow scope of patent, less significant development of the existing technology, or extensive know-how

Score 1:
for an interesting research result which might be protectable

Score 0:
for a bare idea, with no evident uniqueness or protectability

D. Readiness of the technology**

Score 5:
the technology is well proven and bug free, and a process for volume manufacture has already be proven by manufacture of significant quantities (or is trivial, as for example, with software duplication)

Score 4:
the technology has a prototype, successfully completed beta-testing (i.e. field testing with real customers) and is thus relatively bug-free, and a small-scale manufacturing process has been demonstrated.

Score 3:
the technology a prototypes stage, works well in the laboratory, but has not yet been tested by customers. Manufacture seems to be relatively straightforward in theory.

Score 2:
the technology has proof of concepts stage, can be made to work sometimes in the laboratory, though this is still considerable "black art" in doing it repeatedly. Not much thought has yet been given to larger scale manufacture.

Score 1:
closely related technologies have been made to work in this lab, and there seems to be no theoretical reason why this one shouldn't work too

Score 0:
the technology should work in theory, but hasn't yet been tried

E. Value of the Market

Score 5:
the worldwide market for this product and its direct competitors is likely to be in excess of £1 billion p.a

Score 4:
the worldwide market is likely to be in excess £ l00 million p.a

Score 3:
the worldwide market is likely to be in excess £30 million p.a

Score 2:
the worldwide market is likely to be in excess £ 10 million p.a

Score 1:
the worldwide market is likely to be in excess £3 million p.a

Score 0:
the worldwide market is likely to be less than £3 million p.a.

F. Anticipated profit margins (if considering a license, score on the anticipated royalty rate)

Score 5:
the gross profit margin per sale is likely to be over 70% (royalty >7%)

Score 4:
the gross profit margin per sale is likely to be over 50% (royalty >5%)

Score 3:
the gross profit margin per sale is likely to be over 30% (royalty >3%)

Score 2:
the gross profit margin per sale is likely to be over 20% (royalty >2%)

Score 1:
the gross profit margin per sale is likely to be over 15% (royalty >l%%)

Score 0:
the gross profit margin per sale is likely to be under 15% (royalty <l %%)

G. Intensity of Competition in the Market

Score 5:
this is a brand new market, and there are currently no actual or potential competitors

Score 4:
the market is relatively new, and the competitors are very small firms which have no current technological or marketing lead.

Score 3:
the market is relatively new, and the competitors are still relatively small, though some may have a small lead in some areas, or have access to significant venture funding.

Score 2:
the market is becoming established, and competitors have grown to medium size (£5m plus sales p.a.) and gained a reputation as market leaders.

Score 1:
the market is well established, and the competitors are already substantial companies with the ability to quickly adopt or duplicate new technologies.

Score 0:
the market is mature, and is dominated by a few multinational companies with major research capabilities, marketing reach and financial muscle.

H. Competitive Edge of your product or service

Score 5:
the product service is several times as good as the competition in one or more customer-critical areas, and is not worse in any other areas.

Score 4:
the product or service is significantly better than the competition in at least one customer-critical area, and is not worse in other areas.

Score 3:
the product or service is marginally better (e.g. 25% better in at least one customer-critical area), and is not worse in other areas, or is significantly better is one area, hut has minor disadvantages in other less critical areas.

Score 2:
the product or service is marginally better (e.g. 25% better) compared to the competition in at least one customer-critical area, but has disadvantages in other less critical areas

Score 1:
the product or service has advantages over the competition in one or more areas, but they do not appear to be areas that are critical to the customer

Score 0:
the product or service has no evident advantages over the competition

I. Ease of access to the Market

Score 5:
the potential customers worldwide have already been listed (or can very easily be listed) and sales contacts can be initiated as soon as the product is completed, or well-established worldwide distributors are enthusiastic.

Score 4:
the potential customers or enthusiastic distributors can be easily listed in some territories, and it appears that with enough work, other territories can be brought up to the same level.

Score 3:
the potential customers and distributors can be described in general, and there are no evident barriers to accessing them, though generating the lists would he significant work

Score 2:
it is still fairly unclear what the profile of the potential customers is, or the profile is clear hut there are some significant barriers (e.g. regulatory approval) to reaching them.

Score 1:
some potential customers can be described, but there are substantial barriers (e.g. regulatory approval) preventing short-term access to them

Score 0:
some potential customers can he described, but the barriers to reaching them are very substantial.

J. Customer conservatism

Score 5:
the customer group is very innovative and experimental, buying new products or services just to try them out

Score 4:
the customer group is fairly innovative, and are willing to try out new products and services which seem to have some advantages

Score 3:
the customer group is not especially innovative, but is willing to give a fair hearing to any product or service that seems to offer clear advantages

Score 2:
the customer group is relatively conservative, preferring to stick to established methods unless new ones offer a strong advantage

Score 1:
the customer group is very conservative, tending to prefer "tried and trusted" methods and resist new ones for years even, though they offer strong advantages

Score 0:
regulatory, legal, moral or religious reasons lead to new methods being rejected irrespective of their advantages

K. Commitment and motivation of the team

Score 5:
the inventors and other members of the team are willing to take risk to leave their current jobs, invest their life savings and mortgage their houses in order to see the commercial opportunity realised.

Score 4:
the inventors and other members of the team are willing to take full-time leave of absence from their current jobs, and invest meaningful sums (e.g. 25% or more of their annual salary).

Score 3:
the inventors and other members of the team are willing to spend 50% or more of their time on the commercial opportunity, on an agreed split with their current jobs, and to invest modest sums (over £1,000).

Score 2:
the inventors and other members of the team are willing to spend a small portion of their time (20% or less) on the commercial opportunity, but are not willing to make even a modest investment.

Score 1:
the inventors and other members of the team are willing to act a consultants, in addition to their normal jobs, providing they are paid consultancy fees, but are not willing to make even a modest investment.

Score 0:
the inventors and other members of the team believe that their job is now finished, and are unwilling to spend any further time on the opportunity.

L. Commercial experience of the team

Score 5:
the inventors and other members of the team have a previous, very! successful, experience in the commercial exploitation of a new technology. 

Score 4:
the inventors and other members of the team have a previous, not very successful, experience in the commercial exploitation of a new technology, and feel that they have learnt to do it better this time.

Score 3:
the inventors and other members of the team have worked for commercial companies in a management role, though this role was relatively narrow (e.g. managing a research team, rather than general management).

Score 2:
the inventors and other members of the team have worked for commercial companies, though not in a management role, and have maintained good contacts with various commercial companies since joining the University.

Score 1:
the inventors and other members of the team have not worked for commercial companies but have had regular contacts with a number of commercial companies through, for example, joint or sponsored research projects

Score 0:
the inventors and other members of the team have not worked for commercial companies and their University research has almost all been publicly funded.

Business Management and Industry Experience 

Score 5:
the inventors and other members of the team had a previous, very successful experience in the management of business (s) in new technology and have broad industry contacts

Score 4:
the inventors and other members of the team had previous, not very successful, experience in the management of business of a new technology, but have strong industry link and feel that they have learnt to do it better next time.

Score 3:
the inventors and other members of the team had experience in management of business (s), but the role was relatively narrow (e.g. managing a department, rather than general management) and do not have strong industry contact.

Score 2:
the inventors and other members of the team had very little experience in management of the business, ( ie, as an employee) and limited industry contact.

Score 1:
the inventors and other members of the team had limited business experience and industry contact 

Score 0:
the inventors and other members of the team had no business management experience and industry contact at all.

� 	Based on Interviews with Technology Transfer Officers in Scottish Universities


� Interview with Dr. Tony Raven the Director of TTO University Southampton on 9/9/04
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