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Abstract

This paper argues that in facilitating engineering students to be entrepreneurial, it is not enough to provide them with good entrepreneurship education. They must be surrounded by an environment which encourages the practice of entrepreneurship. At the University of Strathclyde, many different departments work together to provide this environment, and tangible results are evident. The number of student business startups is rising and interest is growing among major employers in Strathclyde’s “entrepreneurial” graduates.

Introduction
The provision of both entrepreneurship education for engineering students, and an environment within which entrepreneurial activity can flourish, is well-developed at the University of Strathclyde. Strathclyde has entrepreneurship as one of its core values. Indeed, the university’s motto is “the place of useful learning”, a phrase coined by its founder over 200 years ago. Engineering is central to Strathclyde’s self-image as a technological university. Indeed, more students study engineering at Strathclyde than at any other Scottish university.
In this paper I will outline the extent of Strathclyde’s entrepreneurship education offerings to engineering students, and then argue that it is not enough to provide entrepreneurship education if we want to produce entrepreneurial graduates. We must surround students with an exciting environment within which they can practise entrepreneurship, even before they graduate. After all, we do this already in many other forms of education. Many engineering students are encouraged to enter competitions to build machines or create software. At Strathclyde, we facilitate entrepreneurial behaviour outside the curriculum to complement education within the curriculum.
Let me start by defining what I mean by entrepreneurship. Entrepreneurship is the pursuit of opportunity beyond resources currently controlled. This is a conceptual definition, rather than a context-based definition, such as “starting a new business”. However, it is true that starting a new business is an entrepreneurial act, and in fact new venture creation is a great context for learning how to be entrepreneurial. This is because organisational constraints to entrepreneurial behaviour are by definition minimised in this context, and the feedback loop between action and results is very short. But entrepreneurial behaviour is appropriate in any context that is facing change. In today’s world, being able to act entrepreneurially is a key skill, whether one is business, the voluntary sector, or those parts of the public sector that must adapt to new circumstances.
Entrepreneurship Education at Strathclyde

At Strathclyde, we provide entrepreneurship education to those considering a university education in engineering, to engineering undergraduates, to engineering postgraduates, and we also have a full Masters degree course in Technology Entrepreneurship aimed specifically at those with a first degree in engineering or science.

At the pre-university level, school pupils attending our Headstart programme get a taster in entrepreneurship as part of the programme. Headstart is a one-week residential course for senior school pupils aimed at encouraging students of the highest ability to consider a career in technology-based industries. Students will normally be studying Mathematics and Science subjects, in particular Physics, and will normally have reached the end of year 12 (5th year in Scotland). Participants undertake hands-on practical experiments from different areas of Engineering and gain an appreciation of the various branches of Engineering and what they each involve. The Strathclyde course includes a seminar from the Hunter Centre for Entrepreneurship which encourages students to think as entrepreneurs and to consider how the results of technical projects can be turned into commercial success. To attract new undergraduate students, the undergraduate prospectus also stresses the university’s strengths in entrepreneurship education.

Undergraduate engineering students can choose to take several elective subjects outside their core subject area. The Hunter Centre for Entrepreneurship @ Strathclyde provides 11 different electives to this “internal market”. I will expand on this later in the paper. In addition, some departments provide their own classes and seminars in entrepreneurship, enterprise, or innovation. Students studying for the elite 5 year MEng degree can opt to study in parallel for a Diploma in Entrepreneurship, by taking 2 entrepreneurship electives each year from year 2 to year 5. Or students can opt for new degrees such as the BSc in Enterprise and Technology Management, or the BEng/MEng in Engineering and Enterprise Management run by the Department of Design, Manufacture and Engineering Management within the Engineering faculty, to which the Hunter Centre for Entrepreneurship contributes.
Postgraduate engineering students at Strathclyde benefit not just from a well-developed Technology Entrepreneurship programme (run by the Hunter Centre for Entrepreneurship) but also from being taught by entrepreneurial faculty, many of whom are spinning off firms to exploit their own research. Some postgraduate engineering degrees, for example the MSc in Construction Management and MSc in Construction Innovation, have entrepreneurship modules built in to the core curriculum. Other degrees, for example the new MSc in Digital Multimedia and Communications Systems, and the on-line-delivered MSc in Technology Management, offer entrepreneurship as electives. Some engineering postgraduate students opt to take postgraduate entrepreneurship electives in addition to their existing studies, purely out of interest. In that case, they receive a scholarship funded by Scottish Enterprise Glasgow, the local economic development agency, and a certificate of participation if they pass the course.
Finally, there is an MSc in Technology Entrepreneurship, with Diploma and Certificate options, which is aimed specifically at individuals with a first degree in engineering or science who wish to create a new technology-based venture. Students take 4 core modules in technology entrepreneurship, additional subjects taken from other Masters programmes in science, engineering or business that match a student’s particular needs, and finally complete a thesis, which could be based on a business plan. It is worth noting that very few students opt to take an MSc in Technology Entrepreneurship. Its main purpose is to enable us to offer fully accredited modules to other Masters level programmes throughout the university, thus ensuring that any student who wishes to study entrepreneurship can do so. 
In my view, this array of compulsory and elective classes in entrepreneurship, while impressive, is a necessary but not sufficient condition for students to discover their entrepreneurial potential. We must also provide the right environment outside the curriculum.
An Exciting Entrepreneurial Environment

At Strathclyde, we have found that students do not flock automatically to our entrepreneurship electives, no matter how good we might think they are. Scotland has a low background rate of new business activity, and many students simply have no connection with entrepreneurial individuals. We need to constantly battle against apathy, indifference, and alternative calls on student time. That means that we need to keep entrepreneurship as visible as possible thoughout the academic year. We also need to ensure that, having helped students to understand their own entrepreneurial potential, we do not just wave them goodbye as they leave the classroom. For these two reasons, we have built several initiatives over the past 5 years that both maintain the profile of student entrepreneurship and offer structured facilitation, finance, and networks to students who wish to take the next step in their entrepreneurial career. Examples of these initiatives include our annual Celebration of Entrepreneurship Day, Strathclyde Students Into Business, and Upstarts. These initiatives stem from many different departments of the university, both academic and service, working together. In the next section, I will describe Strathclyde’s Entrepreneurial Community of Practice, as we call it, before providing some more detail on these cross-university initiatives.
Strathclyde’s Entrepreneurial Community of Practice

As the “virtuous circle” diagram below shows, at least nine different groups assist Strathclyde entrepreneurs through research-based education and training, commercialisation support and formal and informal networking. Not all of them interact with engineering students specifically, but all have a part to play in making Strathclyde an entrepreneurial place.
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Figure 1: Strathclyde’s Entrepreneurial Community of Practice


Entrepreneurship education and training 
Strathclyde is developing entrepreneurial skills in students in all faculties. The former National Centre for Work and Enterprise, now Enterprising Careers, has trained nearly 4,000 primary schoolteachers in enterprise in education. For other Strathclyde students, more than 20 for-credit classes are offered by the Hunter Centre for Entrepreneurship @ Strathclyde, one of the largest university entrepreneurship centres in the UK. Whether a student is a first year engineer, an experienced manager reading for an MBA, or a final year science PhD candidate, there is a class to suit. These are intellectually rigorous yet highly practical and introduce students to real business situations, enabling them to interact with both entrepreneurs and their resource providers. Several other teaching departments also offer entrepreneurship classes to their own students.

Commercialisation Support

Support for Strathclyde entrepreneurs is provided in various forms by all the organisations in Strathclyde’s entrepreneurial community of practice, but for most people the main point of contact will be Research and Consultancy Services. Alasdair Mackay, Commercialisation Practitioner, commented in the University’s 2003 Review: “In 2003, we have seen growth in entrepreneurial activity among staff and students. Alumni too are getting the message that there are things that we can do to help them, such as introducing them to leading edge researchers or exciting technologies with commercial application.” The experienced and highly successful Strathclyde University Incubator (SUI), and the new Kelvin Institute, which specialises in a small number of niche high tech areas, offer space and advice to new ventures. The University’s Business Ventures Group oversees its equity investments in more than 30 university spinouts. 

Networking

On 20 May 2003, over 120 alumni gathered for the launch of Strathclyde 100, an international forum for networking, mentoring and investment. It brings together Strathclyde students, staff and alumni who have good business ideas with more experienced alumni and friends of Strathclyde who are in a position to offer help, advice and expertise. At the launch, three new ventures were presented to the invited audience, and each received crucial help in the form of orders and market contacts. This success has been repeated in subsequent Strathclyde 100 meetings, rewarding the hard work of Alumni Affairs and Development, the Hunter Centre for Entrepreneurship, and Research and Consultancy Services who worked together to create Strathclyde 100. Strathclyde students have their own networking organisation, Strathclyde Entrepreneurial Network (SEN). Under the energetic leadership of 3rd year student Gordon Pearson, who became the university’s first Student Enterprise Champion in October 2003, SEN’s registered membership has grown to almost 150.  

Cross-university initiatives

Celebration of Entrepreneurship Day

Strathclyde has held an annual Celebration of Entrepreneurship day each year for the past 3 years. This has evolved from being primarily run jointly by the Hunter Centre for Entrepreneurship and the Department of Design, Manufacture and Engineering Management to being run by students themselves through the Strathclyde Entrepreneurial Network (SEN). This October, SEN have booked out all 5 floors of the Student Union building for a whole day. On each floor, different activities will take place that celebrate entrepreneurship, with elevator pitch competitions, presentations from successful entrepreneurs, auctions, business simulations, clinics for want-to-be entrepreneurs, and lots of prizes.
Strathclyde Students Into Business

Strathclyde used to run its own student business plan competition, with £50,000 worth of sponsorship from Scottish Enterprise (the national economic development authority) and Bank of Scotland Corporate Banking. However, with the emergence of a major Scotland-wide student business plan competition, we decided to do something more imaginative. We wanted to provide any student with the funding they needed to advance their business idea, rather than provide a fixed sum of money to the winners of a competition, whether they needed it or not. The concept, developed jointly by Research & Consultancy Services and the Hunter Centre for Entrepreneurship, was to put the sponsors’ money into a Pre-Seed Fund, available for expenses incurred in market research, prototype development, and initial sales activity, and an Intellectual Property Protection fund, available to cover the cost of initial patent registration or design registration. Access to these funds is rapid but conditional on students working through a programme of structured facilitation with the student commercialisation practitioner. The sponsors loved this concept and it has proved very successful at Strathclyde, helping 16 new startup businesses in the past 18 months alone. It is now being rolled out nationally through all Scottish institutes of higher education with an initial £100,000 fund and a new brand: Scottish Students Into Business. The grants are not repayable but students know that if they are successful, they have a moral duty to give something back. Thus the programme should become self-funding over time. Using techniques developed with an experienced American entrepreneurial coach, the Hunter Centre is training commercialisation practitioners throughout Scotland in the structured facilitation process that is key to this programme’s success.
Upstarts

This programme was devised by the Strathclyde University Incubator to link research students or staff with commercialisable technology with Strathclyde graduates to create new businesses. In 2003, it secured its first client, Cascade Technologies, started by a PhD student who had been through the Hunter Centre’s Technology Entrepreneurship programme and who benefited from Strathclyde Students Into Business. Upstarts linked the student to experienced alumni of Strathclyde who had relevant sectoral business experience. Upstarts took an equity stake in the business and loaned the business survival money while it went about raising its first round of financing. In April 2004 Cascade Technologies successfully closed a £1.1 million funding round. 
The Hunter Centre for Entrepreneurship @ Strathclyde
The Hunter Centre for Entrepreneurship provides the bulk of entrepreneurship education in Strathclyde, and is a major player in most entrepreneurial activities in the university. It is doubtful that so much entrepreneurship education and support activity would have emerged at Strathclyde if there were no identifiable department championing it. The Hunter Centre started life as the Strathclyde Entrepreneurship Initiative in 1996, and was an initiative of the principal’s office rather than the engineering faculty or the business school. This ensured that it survived the early years when academic credibility was low and the unit was a drain on resources. Now, however, the renamed Hunter Centre for Entrepreneurship @ Strathclyde – following a £5 million donation to the university by entrepreneurial alumnus Tom Hunter in 2000 – has a strong international reputation in education, research and outreach and is a net contributor to the faculty and the university. Its vision is to become a world class entrepreneurship centre and its mission is three-fold:
1. To raise the entrepreneurial capacity of  Strathclyde students, staff and alumni

2. To lead in entrepreneurship research in Scotland
3. To promote entrepreneurship as a career and as a profession

The Hunter Centre has 7 fulltime faculty, 6 support staff, and 6 PhD students, with 3 more due to join us in October. This, together with our network of entrepreneurs and entrepreneurial resource providers, enables us to offer a wide range of electives to undergraduates. Electives typically provide around 30 hours of class contact time and range from personal development modules such as personal creativity to modules that enable students to create their own careers, such as new venture creation and entrepreneurial finance. Figure 2 provides a full list of electives.

Figure 2 Undergraduate electives provided by the Hunter Centre for Entrepreneurship @ Strathclyde

· Introduction to Entrepreneurship

· Personal Creativity

· New Venture Creation

· Knowledge, Science & Technology - based Businesses

· Venture Management

· Entrepreneurial Finance

· Starting an Internet-based Business

· Personal Effectiveness

· Implementing Entrepreneurship

· Social Entrepreneurship

· Enterprise Idea Generation and Assessment

Most of the electives operate with relatively small class sizes of around 40. This enables us to employ learning techniques that facilitate deep learning by students of varying academic ability. Without the endowment, and income from our outreach programmes, we would not survive with class sizes this small, given the current Government funding regime for higher education provision. The learning techniques we use include class discussion, team projects, live case studies with entrepreneurs in the classroom, and student presentations in class to entrepreneurs and entrepreneurial resource providers. All electives are assessed through continuous assessment and there are no exams. Students from all faculties and all years join these classes and we deliberately mix them up into teams of students with different backgrounds. Amongst other benefits, this helps engineers to appreciate that business students have their uses! 

These electives are expressly “for entrepreneurship” rather than “about entrepreneurship”. That is not to say that no theory is taught. Indeed, theory can be extremely useful to entrepreneurs. When we teach entrepreneurship theory to engineering students, it is theory that enables the successful practise of entrepreneurial management, rather than theory about entrepreneurs. 
Figure 3 shows the growth in numbers of undergraduate students taking entrepreneurship courses. The number of science and engineering students has slowly grown over the past 8 years. Now, about 10% of engineering undergraduates take an entrepreneurship elective each year. In 2001, entrepreneurship became integrated into the core curriculum of the main undergraduate business degree, and this accounts for most of the rise in overall numbers in 2001/02. In engineering and science, the number of credits that undergraduate students can take from outside their core subject area has recently been reduced, effectively cutting the internal market that provided the opportunity for entrepreneurship to enter the engineering curriculum. On the other hand, new engineering programmes have been developed that have built in entrepreneurship options. In the future, it is likely that entrepreneurship will be more integrated into the core curriculum.
Figure 3: Number of Undergraduate Students taking entrepreneurship courses


Undergraduate Case Studies

In this section, I describe two businesses started by engineering students at Strathclyde. I have chosen these because they illustrate two different paths to business creation, one utilising the education provision and the supportive environment, and one utilising the supportive environment only.

AWE Outdoors

AWE Outdoors, an internet business selling outdoor clothing and equipment, was developed by Kevin Dickson and Colin Weir in 2002/03. Both were 3rd year Electrical and Electronic Engineering students and both had attended a “Science, Technology and Knowledge-Based Business” elective in semester 1 that year, and they decided to take the “Starting an Internet-Based Business” elective in semester 2 to learn more about how to develop their business idea. Kevin was a reservist in the army, and recognized a gap in the market for all weather endurance equipment. This is how they described the idea:
“AWE Outdoors is a service provider to military and civilian customers of outdoor clothing and equipment.  We set out to make our prices lower and challenging to other providers of the products.  We aim to sell both army surplus and new products to our customers at an affordable price.  Our mission is to be one of the big names in outdoor wear in Scotland and to continue to provide goods at a competitive price.

Our two markets are the civilian population and the armed forces.  In the civilian side of the company, we supply an excellent service to hill-walkers, ramblers and workmen.  The armed forces will benefit from using our service to purchase boots and clothing.”

By the end of the second elective, they had a business plan and a website (created by another student in the class) and had got valuable feedback from experienced internet entrepreneurs at their final presentation. They used the Strathclyde Students Into Business Programme to get started and found business partners though the Strathclyde Entrepreneurial Network. In 2003/04, Kevin Dickson, now in his final year, took the Entrepreneurial Finance elective, as the business was now making sales and he urgently needed to know how to manage cashflow. They won a British Telecom/Princes Scottish Youth Business Trust award for best E-Commerce Website in late 2003. Sales were slow for the first year but following a search engine optimization of the website in June 2004, sales took off. Kevin graduated in July and moved into the business fulltime. Since then, sales have doubled each month, the business is profitable, AWE Outdoors have customers throughout the world, and are bidding with other members of the Strathclyde entrepreneurial business community for large export tenders.

Red Paint Multimedia

Andy Watson and Alastair McDonald, two Design, Manufacture and Engineering Management students, entered the 2001 Hunter Centre business plan competition, with an initial idea to develop a range of hand held devices (Handitours), as an alternative to guidebooks, to advise business and leisure tourists on the availability of attractions. They won the competition but focused on their studies in their final year. They did not take any entrepreneurship electives. They graduated in 2002 and used the Strathclyde Students Into Business programme to help start a different business:

“As Red Paint Multimedia, we develop high impact database driven websites and began trading in late November 2002.  Red Paint moved into their first business premises in December 2002 and by 2004 had 17 clients, from pioneering start-ups to multinationals.”

Red Paint are now housed in the Strathclyde University Incubator, and count several young Strathclyde startups among their clients. Red Paint also designed the website for the Upstarts programme.

Entrepreneurship Education for Postgraduates

In 1999, the Strathclyde Entrepreneurship Initiative (as it was then) launched a Technology Entrepreneurship Programme for Postgraduates. This was aimed at engineering and science postgraduate students and researchers who were interested in starting a technology-based business. The programme has grown from 2 modules in the first year to 13 for the coming academic year, as shown in Figure 4.

Figure 4: Postgraduate entrepreneurship classes offered by the Hunter Centre

· Introduction to Commercialisation of Technology

· Opportunity Recognition

· Accessing Resources

· Technology Venture Management

· Company-Based Investigation

· New Venture Creation (for MBA students only)

· New Venture Creation (for MBM students only)

· Entrepreneurial Finance (for MBA students only)

· IT in Business (for MCIT students only)

· E-Commerce Business Models (for MCIT students only)

· Entrepreneurship (for MSC Construction Innovation students only)

· Technology Venture Creation (for online MTM students)

· Technology Venture Management (for online MTM students)

These courses are more specifically aimed at providing the skills necessary to start a business, in comparison to the undergraduate classes which are more focussed on awareness and confidence building.  We expect that each year more MSc programmes will offer either some of these electives or custom-made classes to their students in future. I will provide one example of a business started by an engineer that has emerged from the first year of the programme.
PAL Technologies

PAL Technologies was started by a research fellow, Dougie Maxwell, in the Bioengineering Department directly as a result of attending Opportunity Recognition and Accessing Resources in the 1999/00 academic year. His business plan team won a prize to an entrepreneurship summer school in San Diego, where he began to develop his own business idea in earnest. On his return from San Diego, he secured a one year Enterprise Fellowship from the Royal Society of Edinburgh to develop the business. He persuaded two professors to join him in starting PAL Technologies, which is based on technology developed in the Bioengineering Department. PAL develop miniature physical activity loggers, which have applications in the medical, fitness and veterinary markets. During the winter of 2000/01, PAL raised a total of £100,000, comprising equity from the university, loans and a SMART commercialisation grant. It moved to the Strathclyde University Incubator, made its first sales in May 2002, and Dougie presented his plans for growing the company at a Strathclyde 100 meeting in April 2004.

Conclusion

Entrepreneurship education has different effects on different students. A few students like Kevin Dickson realise that this is what they want to do, now. Many students, particularly males, find through our classes that starting a business is not as simple as they thought, and realise that they need more industry experience before taking the plunge. Some females, on the other hand, who would never have considered starting their own business, now realise that they can, and they benefit particularly from the networking events run by the Strathclyde Entrepreneurial Network.  A few students realise that they should never try to start a business. That is an equally good result, in my view. 

Students are also realising that having entrepreneurship electives on their CV makes them particularly attractive to employers such as Proctor and Gamble, who part-sponsored our Celebration of Entrepreneurship Day this year. Companies like P&G are desperate for graduates who display initiative and flair. We are now seeing some of these graduates who took great jobs in multinationals in England quitting after a few years and coming back to Scotland to start their own business. 

There is still work to be done to persuade MSc programme directors that offering entrepreneurship electives is worthwhile, although this is getting easier as the value of these classes in developing the entrepreneurial potential of students becomes better understood. For some time now, we have been inviting former students of ours who are now in business for themselves back to the classroom. This, more than anything else, brings home to students the reality of entrepreneurship as a career. We have ambitious plans to provide an entrepreneurial environment not just for our students but also for our many alumni who, a few years out of university, are ready for the challenge of starting a new venture. 
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