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The Science Enterprise Challenge (SEC) was launched in 1999 and forms part of the Government's strategy to introduce a "third mission" for Higher Education, alongside teaching and research, to encourage transfer of science and technology innovation to the business sector (http://www.ost.gov.uk/enterprise/knowledge/sec.htm).  The initiative has led to the establishment of 12 Science Enterprise Centres in universities around the UK.  The centres focus on the teaching of enterprise and entrepreneurship to science and technology students.  The endeavour is based in part on the understanding that it is possible to design ‘entrepreneurship and innovation’ courses which provide graduates with entrepreneurial skills to enable them to exploit innovative ideas generated during their involvement with their university.  Over the last two decades, there has been a substantial growth in research into entrepreneurship and the Small/Medium Enterprise (SME).  Yet it has been argued that there has been a growth of ignorance alongside the growth of academic work and that many of the concepts underlying the relationship between academics, policy makers and other stakeholders may be interpreted in different ways, which can lead to confusion and difficulty in practice.  This paper reports a study which is intended to shed light on that potential tension in a particular context, through research with a group of third-year technology undergraduates  undertaking an entrepreneurship and innovation course (supported by SEC) as part of their degree.  The methodology for the study was underpinned by a qualitative, interpretive ethos which seeks to share frames of reference and understanding with participants in the research.  Therefore, students’ views on the nature of entrepreneurship and entrepreneurial success, the role of enterprise in society and the character of new technology businesses were elicited at the outset of the course, by means of a questionnaire and focus groups.  Their reasons for undertaking the course were also explored.  The viewpoints, which emerged from the study, informed the framing of conceptual material during the progress of the course.  The lessons drawn from this exercise could have pedagogic merit for similar endeavours in the future, and more generally, inform the policy/academe debate.

Keywords: entrepreneurship, innovation, education, technology transfer, innovation systems, community of practice

Introduction

The Science Enterprise Challenge (SEC) was launched in 1999 and forms part of the Government's strategy to introduce a "third mission" for Higher Education, alongside teaching and research, to encourage transfer of science and technology innovation to the business sector (http://www.ost.gov.uk/enterprise/knowledge/sec.htm).  SEC aims to achieve this by:

· teaching enterprise and entrepreneurship to science and technology students; 

· making ideas and know-how available to business to support competitiveness and wealth creation; 

· encouraging the growth of new businesses by supporting start-ups, including spin-out companies based on innovative ideas developed by students and faculty within the universities. 

The endeavour is based in part on the understanding that it is possible to design ‘entrepreneurship and innovation’ courses that provide science and technology graduates with entrepreneurial skills to enable them to exploit innovative ideas generated during their involvement with their university.  In other words, there is an expectation that the transformation represented in Figure 1 will take place.






C1, C2 = student choices

Figure 1
SEC transformation process

In Figure 1, the student is in the position of making two choices, C1 and C2  – a short term decision as to whether to opt for a particular course, and a longer-term career decision: how – or whether – they choose to participate in what is termed here an ‘Innovation System’.  

Over the last two decades, there has been a substantial growth in research into entrepreneurship and the Small/Medium Enterprise (SME).  Yet it has been argued (Gibb, 2001) that there has been a growth of ignorance alongside the growth of academic work and that many of the concepts underlying the relationship between academics, policy makers and other stakeholders may be interpreted in different ways, which can lead to confusion and difficulty in practice.  This paper reports a study which is intended to shed light on that potential tension, in a particular context, through research with a group of third-year technology undergraduates undertaking an entrepreneurship and innovation course (supported by SEC) as part of their degree, that is, going through the process outlined in Figure 1.  The methodology for the study was underpinned by a qualitative, interpretive ethos that seeks to share frames of reference and understanding with participants in the research.  Therefore, students’ views on the nature of entrepreneurship and entrepreneurial success, the role of enterprise in society and the character of new technology businesses were elicited at the outset of the course, by means of a questionnaire and focus groups.  Their reasons for undertaking the course were also explored.  The viewpoints, which emerged from the study, informed the framing of conceptual material during the progress of the course.  The lessons drawn from this exercise could have pedagogic merit for similar endeavours in the future, and more generally, inform the policy/academe debate.  It is suggested that Brown and Duguid’s (1991) notion of a community-of-practice may have value in the design and delivery of entrepreneurship courses intended to support technological innovation.  The background to this study is set out in the next section.

Background

This section explores the SEC transformation process identified in Figure 1 above by discussing firstly some of the tensions apparent in the literature concerning the supply side of the system, that is the provision and character of entrepreneurship education courses.  This is followed by a brief review of what is understood so far about choice C1, that is the demand-side (for the student as consumer of education courses).  The third part looks at the particularities of the innovation domain, as distinct from entrepreneurship generally and examines what is meant by choice C2.  The final part explains the purpose of the study in relation to generating new knowledge and also in framing the educational experience of the participants in the study.

1.  Issues in Entrepreneurship Education

Echoing Gibb (2001), Matlay and Mitra (2002) note that the relationships between government, industry and higher education are not obvious, although it is acknowledged that the current socio-economic mix in the UK raises issues about developing a mind-set for pursuing entrepreneurship, in which the role of education and training is considered important.  Scott et al (1998) link enterprise and education in three ways:

1. education about enterprise (awareness as key agent of social/economic change)

2. education through enterprise (student-centred or real-world projects in the education process)

3. education for enterprise (training potential and existing entrepreneurs).

It has long been recognised in the entrepreneurship literature that raising awareness of entrepreneurship for students is relatively straightforward, conforming to academic norms through teaching examples, case studies, exposure to external speakers, and the supervision of student-centred projects (the first two categories identified by Scott et al).  However, it is also argued that experiential learning is essential to entrepreneurial learning more generally (for example, Gibb, 1987, 1997; Garavan and O’Cinneide, 1994, Gorman et al, 1997; Deakins and Freel, 1998).  Rae and Carswell (2000) note that whilst this seems to be a reasonable conclusion, there is as yet little research on how successful entrepreneurs have turned their experience into learning, essential knowledge if effective education and training programmes are to be developed.  Jack and Anderson (1999) argue that there are pedagogic difficulties in teaching the practice of enterprise, in part due to variability within enterprises, in part because entrepreneurship is about process rather than stasis.  Gibb (1996) also argues that the academic focus on understanding and critical analysis contrasts with the reality of the entrepreneur operating with incomplete information under time pressures.  Clearly, in the amount of time available to technology students for the study of enterprise, there is a limit to how much experiential learning could be built in – the possibility of placement or internship, where a student could participate in day-to-day decision-making in an entrepreneurial setting, is unlikely to be realistic in this context.  The focus on entrepreneurship as a process, as well as a topic of knowledge assimilation in the light of academic debates was key to the design of the student experience reported in this study and is explored further in the final part of this section.

2.  The issue of choice

Concerning choice C1, Young (1997) suggests that students want to study entrepreneurship, either because they want to set up their own business, or because they wish to deploy entrepreneurial skill-sets in a large organisational setting (which could be termed an interest in intrapreneneurship).  However, Henderson and Robertson (1999) suggest that generally positive images of entrepreneurship are hampered by a lack of identifiable role models, poor media presentation of individuals or small firms, and a lack of encouragement from influencers of career choice, such as teachers and careers guidance specialists.  Their outcomes resonate with the earlier work of Scott and Twomey (1988) and Gibb Dyers (1994).  Henderson and Robertson (1999) identify three theoretical approaches which have been useful in shedding light on the choice of enterprise as a career: trait theory, which seeks to find commonality at the individual level; the social development approach, which recognises the influence of external influences and constraints as isolated factors; and the structure opportunity model which rejects the two previous approaches for their insufficient emphasis on the complexity of interacting social factors, such as family, neighbourhood, school, peer group and general work situation.  Whilst Henderson and Roberts acknowledge that all these viewpoints may add insight, Gibb Dyers (1994) takes a more comprehensive view in attempting to develop a more integrative model.  This seeks to describe not only the pathways taken by individuals and the factors which led to that choice, but also the dynamics of entrepreneurial careers, based not only on career choice and orientation, but also career progression.  Gibb Dyers’approach adds value in that it tends to a more process view of the entrepreneurial transition, rather than a snapshot of an all-or-nothing one-off decision.  In conclusion, students’/young people’s perceptions of entrepreneurship as a career choice are somewhat ambiguous, and not well understood, hence the interest in exploring this further for the SEC students in this study, with particular reference to the innovation domain.

3.  The nature of the destination

Concerning the SEC, the expectation is that student will not just become entrepreneurs in low value-added new ventures, but more specifically, that they will work in the innovation domain, with its expectations of fast growth and high profits.  One distinguishing feature of this domain is its interconnectedness.  Successful innovation is now generally seen as the result of interactive processes between collectives of key players, rather than the province of individuals or separate organisations.  These key players include geographic concentrations of interconnected companies, specialised suppliers, service providers, firms in associated industries and associated institutions in particular fields that compete but also co-operate.  Such interconnectedness is argued to be particularly important in knowledge-based, innovative sectors such as the biotechnology industry, in that the type of knowledge that creates competitive advantage often requires proximity or regular face-to-face interactions to establish trust (Prevezer, 1997).  Manley (2003) identifies four frameworks for conceptualising innovation that have achieved a high profile in both the academic and the business literature: innovation systems approaches, network approaches, value chains and clusters (after Porter, 1990).  Manley concludes in an integrative vein, arguing that an innovation system can be thought of as a complex macro-network that focuses on innovation and contains sub-networks, of which value chains and clusters are two key types.  Manley notes however, that the network and system metaphors serve only to shift attention from individual firms to groups of firms/organisations, the relationships between them and their impact on economic activity.  The focus is on the morphology of aggregation, rather than how such aggregation takes place – which includes how new (or potentially new) members of the community are assimilated and contribute to emergent properties overall.

The degree of complexity of the intended destination environment for the SEC students again presents educational challenges.  As noted earlier, Gibb (1996) and Jack and Anderson (1999) have highlighted the tensions between the academic setting and the realities of the entrepreneurial world.  It could be argued that modular degree courses are likely to exacerbate these tensions, with their focus on discrete blocks of understanding clashing with the interconnected nature of the ‘innovation system’ overall.  Study of the SEC students’ attitude towards the innovation domain (i.e. choice C2) should generate knowledge that enables better framing of the conceptual material presented in their courses.

4.  Summary

Two modules were allocated in the timetable to the SEC students, delivered sequentially in semesters 1 and 2 of the final year.  The modules were available as options to a range of technology students on campus (it was not available to all because of timetable constraints in some of the students’ ‘home’ faculties).  Taking Scott et al’s (1998) categories as a guide for the content of these module suggested a mapping for categories 1 and 2 that was relatively easy to address.  Semester 1 concentrated on Scott et al’s first category – a ‘traditional’ theory-based unit on the conceptual underpinning of entrepreneurship, innovation and small business planning, start-up and operation, supported by teaching examples, cases and external speakers.  Semester 2 focused on the second category, that is, teaching through enterprise.  Following some introductory workshop settings, students formed into groups to undertake a business planning exercise in a setting of their own choosing, with guidance from an academic supervisor.  The third category, bearing in mind the tensions highlighted by Gibb (1996) and Jack and Anderson (1999) in the pedagogic difficulties concerning the teaching of ‘practical entrepreneurship’ is less straightforward, particularly given the limited understanding of students’ own perceptions of entrepreneurship as a career, as evidenced by the conclusions of Henderson and Robertson (1999) and earlier researchers.  The approach taken here was informed by Brown and Duguid’s (1991) notion of a ‘community-of-practice’.  Brown and Duguid argued for a community-based analysis of learning, which sought to support a unified view of learning and innovation.  They question the use of didactic approaches that have a tendency to separate learners from the target community and authentic work practices.  Instead, it is argued that learning is best achieved through supporting access to and membership of the target community-of-practice, not by explicating abstractions of individual practice.  Brown and Duguid expound further on the informal, non-canonical nature of such communities – that is, they are reflexive, socially constructed and emergent, existing outside formal organisational structures.  For learners, a position on the periphery of practice is important, with access to formal and informal meetings, picking up ‘know-how’ – information, manner and technique – from being on the periphery of competent practitioners going about their business.  Further, they argue that innovating and learning in this way, through daily activity, lies at one end of a continuum of innovating practices that stretch to radical innovation cultivated in research laboratories at the far end.  Although Brown and Duguid were researching organisations, rather than networks, the resonance with the importance of face-to-face interaction found by Prevezer is clear.

Drawing on Duguid and Brown, throughout semesters 1 and 2 an ethos was defined where the students were not treated as if they were learning about practice, as a basis for choosing at some point in the future whether to engage in the innovation domain in an entrepreneurial manner – or not.  Rather, the emphasis was on the student as already being a practitioner at the outset, albeit at the periphery, through their possession of ideas and the potential to develop them.  This ethos was supported by:

· Introductions to the University’s innovation support staff, in particular the dedicated Student Enterprise Manager, who operates an ‘open door’ policy.

· Information about local events and structures, such as Business Planning competitions, Innovation fairs, Innovation fellowships, the University’s Innovation Centre

· Participation in the Students Enterprise Forum, which meets twice a semester, where students can meet entrepreneurs from the local community (open to all university students).

· Introduction to ex-students (via the Forum, or through workshops) who run spin-out companies, or who work in related areas such as venture capital.

· Business Planning supervisors with entrepreneurial background.

· A general proactive approach where information was to be gleaned from the community, not just texts and tutors.

In other words, the students were introduced to the local ‘innovation system’ as a community of scholars and practitioners where they were free to form and re-form self-constituting relationships and groups to suit their own needs and as opportunities arose.  In this way, the knowledge they were gaining from a range of sources, including the teaching settings would take on significance in the target community, albeit at the periphery.  The notion of the community-of-practice was designed into the course at the outset, with a view to reinforcing or modifying it as a result of surveying student perceptions, as discussed in the next section.  

Methodology

Students were introduced to the idea of the community of practice, once the survey to gain insight into their perceptions had taken place.  A survey questionnaire was developed to explore 3 areas:

a) The characteristics of students opting for the course – their age, gender, nationality, course and family background (with regard to small business)

b) The reasons behind their choice of module

c) Their perceptions of entrepreneurship and innovation.  Five open questions were presented in this section, focusing on the individual, the firm and the broader environment.  The first two questions explored what it meant to be an entrepreneur and what might contribute to success.  The next two questions sought to place entrepreneurship in a broader context, asking who benefits from entrepreneurship and the value of using public money to support entrepreneurship.  The final question, reflecting the SEC context, examined students’ perceptions of new technology businesses.

The survey questionnaire was issued to 78 students during the first session of the first module.  Half an hour was allowed for completion.  Students were requested not to discuss their responses with their neighbours.  After the half hour period, all students returned the questionnaires.  Areas (a) and (b) above provided ‘tick boxes’ for responses.  Percentages calculated from these responses were tabulated and are presented in the next section.  Area (c) required a qualitative response; here the tabulations are based on categories derived from the responses given by the students.  The categories were cross-checked against feedback from class focus groups which were formed after the individual questionnaire activity.  Each group was given a particular question from area (c) to discuss for 20 minutes, prior to making notes and giving verbal feedback to the rest of the group.  The notes were collected for reference after the focus group sessions.

Results and discussion

The results of the survey are presented in accordance with categories (a) – (c) above.  Questions 1 – 6 dealt with population demographics.  Question 7 addressed the reasons behind the choice of the module.  Questions 8 – 12 addressed perceptions of entrepreneurship and innovation.

a) population demographics

Of the 78 students, 77% were male.  96% were from the UK, with a small number from overseas on Erasmus/exchange programmes.  The age distribution was typical of a full-time undergraduate group, 29% under 21, 68% between 21 and 30, no representatives of the 31-40 age band, and just 3% over 41.  In terms of their experience of a small business environment, three questions were posed; 32% reported that someone in their immediate family (parents, siblings, children) owned a small business.  29% reported that someone in their immediate family worked in (but did not own) a small business).  51% had worked in a small business themselves.  Only 6% of students answered yes to all three questions, whereas 33% reported no close family or personal experience of a small business environment.  As to course, 74% were drawn from two areas – Industrial Design and Technology, and Computing and Management.  The rest came from a broad range of mathematics, manufacturing and physics combinations.

b) choice of module

This was explored in question 7.  The responses are presented in Table 1:

Table 1

	Q7 Please indicate why you chose this course (please tick as many reasons as apply)
	%

	I want to know more about entrepreneurship and innovation
	79

	I want to become more entrepreneurial and innovative
	59

	I may want to start a small business when I graduate
	32

	I may want to start a small business later in life
	60

	I have an idea I want to market when I graduate
	15

	It will look good on my CV
	28

	Any new business skills will benefit me in whatever career I choose
	69

	I wanted to do something different from the rest of my course
	46

	It was the ‘least worst’ choice of the options available to me
	9

	Other
	*


* other reasons given included a liking for the assessment strategy (2), useful background to a future MBA (1), learn how to make money (1), a requirement for Erasmus students (1).

The results in Table 1 show that students had made a positive choice of the module, with only 9% suggesting it was the ‘least worst’ possibility, although just under half were looking for a contrast from the rest of their course.  It is not surprising that a high percentage (79%) wanted to learn more about entrepreneurship and innovation, but fewer, 59%, saw this in terms of a behavioural change.  In terms of the SEC objectives of commercialising research through spin-out companies, a healthy 32% were considering starting a business on graduation, but only 15% claimed to have an idea they were considering marketing, which is perhaps less optimistic.  60% looked to starting a business in later life, but whether this was a positive choice of entrepreneurship, or a labour market insurance tactic is not clear.  A ‘skills portfolio’ mindset was evident with 69% seeing business skills as valuable in any career and 28 considering it valuable on their CV overall.

c) perceptions of entrepreneurship and innovation

As noted earlier, questions 8 – 12 were open questions, allowing the students to generate their own responses.  Categories for tabulation were developed from the responses given, and the outcomes are shown in Tables 2 – 6 below.  The categorisations were cross-checked against the notes taken from the focus groups carried out subsequent to the questionnaire.  No significant alterations were made to the initial categorisations.

Table 2

	Q8 What is an Entrepreneur?
	%

	Someone who starts-up/runs a small business
	35

	Inventor who gets a product to market
	14

	Economic/market opportunity
	41

	A ‘special person’
	44


The results in Table 2 show that students had strong small business/economic perspective associations with the term ‘entrepreneur’.  The notion of a ‘special person’ was very powerful, with terms such as ‘proactive’, ‘loner’, ‘motivated’ and ‘risk-taker’ frequently repeated.  In terms of the SEC endeavour, only 14% saw an entrepreneur as someone developing an idea to the market.

Table 3

	Q9 What makes an entrepreneur successful?
	%

	Personal characteristics
	76

	Networks/contacts/teambuilding
	10

	Luck/timing with an idea in the market
	54

	Business skills and financial planning
	29


The results in Table 3 show that success was most strongly linked with personal characteristics, echoing the ‘special person’ association found in Table 2.  Being able to cope with unpredictability in markets, through luck or innate ability was also seen as important.  However, business skills that could be acquired were seen as less important.  The networking aspect was only remarked on by 10%, which is significant given the interconnectedness of the innovation domain.

Table 4

	Q10 Who benefits from entrepreneurship
	%

	The entrepreneur
	71

	Company stakeholders (employees/investors/shareholders)
	37

	Customers
	62

	Society/region/community
	60


The results in table 4 suggest that the students have a generally positive view of entrepreneurship, with 60% seeing it as a general benefit for society or the local community.  However, most responses favoured the benefit to the entrepreneur (71%), possibly suggesting that entrepreneurship is seen asa selfish activity. 

Table 5

	Q 11 Should public money be used to support entrepreneurship? If so, in what ways*
	%

	Directly, as grants, loans, tax breaks
	43

	Indirectly, through advice, education, network support
	17

	Only if targeted towards economic success
	12

	Only if a social/community dimension is considered
	19


*Just 3 students said no, 3 students did not answer this question

The responses towards this question again suggest a positive view of entrepreneurship, with 19% taking an altruistic view, ranging from comments that entrepreneurs should pay loans back once they are successful, to comments that suggested that only social/civic entrepreneurship should be supported in this way.  Slightly more students (17%) highlighted the importance of networking in this question than in Question 9.

Table 6

	Q12 What is distinctive about ‘new technology’ businesses (challenges and opportunities)
	%

	High risk, ‘unknown’ aspect of R & D
	31

	Volatile competitive markets
	27

	Potential for high growth/profits
	17

	Cash intensive
	15

	Exciting, freewheeling dynamic work environment
	6

	High skill
	5

	Potential for global impact
	3

	Complex legal/Intellectual property issues
	2

	Don’t know/no answer
	21


The responses summarised in Table 6 suggest that students perceive the innovation domain as quite challenging with risk and volatile markets providing the most responses (31 and 27% respectively), and the need for large injections of cash also highlighted (15%).  The main opportunity perceived by students was the potential for high profit.  Notwithstanding the highly publicised successes of Silicon Valley and Route 128 (with Bill Gates as the archetype), the ‘excitement factor’ and the ‘high skill’ factor, which might have been expected to score highly, featured rarely.

Summary
Concerning the overall success of the SEC, these results suggest several sources of optimism, with high proportions of students:

· positively opting for the subject

· having positive perceptions of entrepreneurship in society

· wishing to adopt/develop entrepreneurial behaviour/skill sets

· seeking to start their own businesses, now or later in life

Further to the above revealed by the survey, participation in the ‘community’ events was high, with university staff and entrepreneurs informally reporting a range of approaches and discussions from interested students, including a large number of requests for information concerning a future Business Planning competition.  Attendance at forum meetings was good, and formally collected feedback on these events was positive.

The more challenging outcomes of the study were that:

· quite low numbers of students with existing ideas to develop for the market

· persistence of a ‘born not made’ stereotype

· perceptions of the innovation domain tending to the risky/volatile rather than the exciting/rewarding.

· Low awareness of the importance of networking.

Conclusion

As academics, we recognise the importance of enabling students to encounter and critique theoretical knowledge concerning entrepreneurship and innovation; however, it is necessary to acknowledge the difficulties of engendering an understanding of the everyday realities of an entrepreneurial career.  In building students into a community of practice, they are able to exercise choices as to how they wish to participate in the innovation domain, which includes taking an innovative idea to the market in full-blown entrepreneurial mode, but does not exclude a wider range of participation possibilities.  Concerning the overall success of the SEC, entering into the innovation community at an early stage reinforces the potential for a positive outcome, building on the existing aspirations and perceptions of the students as identified in the survey.  Also, the less optimistic perceptions can be challenged -- the ‘born not made’ stereotype can be undermined by interactions with entrepreneurs who were recently students. The realities of living with risky situations over prolonged periods can be assessed, and coping strategies identified – or, and this is equally valid – the student can decide it is not for them, a decision which might lead to better quality entrepreneurship overall.
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