Session 2354

Engineering Entrepreneur ship:
Does Entrepreneur ship Have a Role in Engineering Education?
Steven P. Nichols, Neal E. Armstrong

College of Engineering
The University of Texasat Austin

Proceedings of the 2001 American Society for Engineering Education Annual Conference & Exposition
Copyright 2001, American Society for Engineering Education.

T'2st'9 abed



Engineering Entrepreneur ship:
Does Entrepreneurship Have a Role in Engineering Education?

Steven P. Nichols, Neal E. Armstrong

College of Engineering
The University of Texasat Austin

Abstract

Many engineering programs have recently added courses and material on “Engineering
Entrepreneurship”. These programs represent a diverse understanding of what engineering
students should receive in the way of instruction in the area of entrepreneurship. This paper
examines various definitions of engineering entrepreneurship and also examines the
pedagogical justification for including entrepreneurship in engineering education.

The authors use as a context the engineering programs at The University of Texas at Austin,
particularly the Department of Mechanical Engineering. The paper examines educational
objectives and criteria discussed in documents produced by the National Science Foundation,
the American Society of Mechanical Engineering International, the Accreditation Board for
Engineering and Technology, and other sources to develop one approach for
entrepreneurship education.

|. Introduction

Thelast 50 years have seen significant improvement in the education of engineering students.
Since the Grinter report in 1952, 2 engineering education programs across the United States
have undertaken to improve the educational experience of engineering undergraduates by
seeking a rational mix of courses and educational experiences in science, engineering
science, engineering analysis and engineering design. Prior to the Grinter report engineering
education in the United States emphasized design with an insufficient mixture of science,
engineering science, and engineering analysis®  Engineering programs significantly
increased the content of science and analysis courses over the last 50 years to provide a
stronger analytical base for engineering practice.

Literature in the 1980's and 1990's includes articles recommending increased exposure for
undergraduate engineering students in the area of design and creativity.” Peterson argued
that engineering sciences and engineering analysis had been segregated from engineering
design to the extent that graduates are unable to apply their analytical skillsto real problems.”
Engineering faculty have examined not only what and when topics and areas are taught to
undergraduates,® but also how these topics are taught.’
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As part of this examination and evolution of engineering education, some engineering
programs are offering course material and curriculum in Entrepreneurship.® The remainder of
this paper examines the pedagogical justification for including entrepreneurship in
engineering education.

1. Definitions

When examining this question, it is critical to define terms. The authorswill start with the
definition of "Entrepreneur”. Merriam Webster's Dictionary defines entrepreneur as follows:

Definition 1. " Entrepreneur--- one who or ganizes, manages, and assumes the
risks of a businessor enterprise”.

Starting with this definition, it is difficult to conclude that the study of Entrepreneurship
should take place in a college of engineering as opposed to a college of business
administration. Topics of personnel and asset management, accounting, finance, marketing,
advertising, asset management and faculty better handles related topics in business.
Furthermore, it is not immediately clear what engineering topics emerge from general
entrepreneurship. Therisks and challenges of starting and operating a dry cleaning business
or a sporting goods store does not appear to fit into an engineering educational program.

One may, however, come to a different conclusion if one examines an altered definition.
Definition 2. Endineering (or Technology) Entrepreneur: One who organizes,

manages, and assumes therisk of an engineering (or technology) business
or enterprise.

The second definition may require engineering research, analysis, development, design, and
assessment that could reasonably be offered in a College of Engineering. The reader will
note that the second definition also requires a broad range of background not normally found
in engineering curriculum. Now the question becomes, should an engineering education
program offer specific material in support of "one who organizes, manages, and assumes the
risk of an engineering (or technology) business or enterprise’? One way of examining this
guestion is to question whether "Engineering Entrepreneurship” is consistent with the
educational mission of an engineering college.

The authors propose that the answer to this question will depend upon the educational
mission of specific engineering programs. This paper will examine the question in the
context of the engineering education programs at The University of Texas at Austin (UT-
Austin).

[11. College of Engineering Considerations

The College of Engineering at UT-Austin undertook an examination of the following
question:

Proceedings of the 2001 American Society for Engineering Education Annual Conference & Exposition
Copyright 2001, American Society for Engineering Education.

£'zsy'9 abed



What (if anything) should the College of Engineering do in Engineering
Entrepreneurship?’
-For engineering students with specia interests in Engineering Entrepreneurship

-For all engineering students, including
« Students with interests in graduate study in engineering
* Students with interest in working in large corporations
* Students with interest in working in small business

Internal Guidance

The College organized a Task Force consisting of engineering faculty as well as external
advisors'® to examine the question. In addressing the question of Engineering
Entrepreneurship, the Task force sought guidance from the Strategic Plans both of the
College and of departments. These strategic planswere previously developed by faculty with
the input and guidance of "customers" of the College and the Departments.

Not surprisingly, the various strategic plans (department and College) shared core elements,
but each department had its own emphasis. For the purposes of this paper, the discussion

will be limited to looking at the Strategic Plan of the Department of Mechanical Engineering
(ME).
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The ME Strategic plan includes the following components:

Mission:
-Educate the next generation of leadersin the M echanical Engineering profession
-Create, explore, and develop innovationsin engineering science and technology
-Provide beneficial serviceto thelocal, state, national, and inter national communities.

CoreValues

L eadership and I nnovation

The plan emphasizes and values Creativity, Novel Application of Fundamental
Engineering Science, Interdisciplinary Activities, Community of Scholars, Development
of Future Leaders, Professionalism, and Excitement in Discovery

Values

Creativity

Novel Application of Fundamental Engineering Science
Interdisciplinary Activities

Community of Scholars

Development of Future Leaders

Professionalism

Excitement in Discovery

Source: Mechanical Engineering Strategic Plan, Revised, April 2000.
Empahsis added.

External Guidance

Accreditation Board for Engineering and Technology.

The Task Force also examined Criteria developed by the Accreditation Board for

Engineering and Technology. The following criteria were particularly useful.

ABET requires that students demonstrate™

(@ an ability to apply knowledge of mathematics, science and engineering

(b) an ability to design and conduct experiments, aswell asto analyze and
interpret data

(© an ability to design a system, component, or process to meet desired needs

(d) an ability to function on multi-disciplinary teams

(e an ability to identify, formulate, and solve engineering problems

() an understanding of professional and ethical responsibility

(9) an ability to communicate effectively

(h) the broad education necessary to under stand the impact of engineering
solutionsin a global and societal context

(1) arecognition of the need for, and an ability to engage in life-long learning

() aknowledge of contemporary issues

(k) an ability to use the techniques, skills, and moder n engineering tools
necessary for engineering practice.

Needs of Industry and Commerce.
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The Task force also considered the needs of industry as reflected in the membership of the
Engineering Foundation Advisory Council and other sources. Asan example, the Task force
referred to Mechanical Engineering in the 21% Century: Trends Impacting the Profession.™
The report identified the following "important” skills relevant that Engineering
Entrepreneurship could support:*

Excer pts from Mechanical Engineering in the 21% Centruy

Important "Hard" Skills

Important " Soft Skills

Use of new Materials

Effective communication

Ability to apply new technology

Teamwork

Abstract thinking

Multicultural

Business skills

Flexibility

Practical Experiences

Professional Ethics

Creative thinking

Respect and courtesy

L eader ship skills

Compassion for others

Patience

The Report also forecast rapidly increasing "entrepreneurial activity throughout the global
economy" and a "fast-growing employment in small and medium size firms and in self-
employment in engineering".** The report further suggest a general change of the engineer
from the "employee mentality to the entrepreneurial mentality.”> The increasing use of
engineersfor as contractors (Cf. Engineers as employees) supports this conclusion.

Task Force Observations:

The Task Force concluded that the College should support and encourage curriculum and
courses in Engineering Entrepreneurship if designed to support the educational concepts
consistent with College and departmental priorities: technical excellence, |eadership,
innovation, exploration, professionalism, and excitement in learning (discovery).
Additionally, the Task Force observed that courses and material in Engineering
Entrepreneurship could be designed to assist engineering programs addressthe ABET criteria
found in bold in the list above as well as the needs of the industrial and commercial sector
that engineering graduates tend to serve.

V. Approach of the College of Engineering

The considerations discussed above support a conclusion that topics of Engineering
Entrepreneurship are consistent with the education mission, the research mission, and the
public service mission of a college of engineering. The current version of the College of
Engineering Strategic Plan includes the following goal:

Goal 3: Foster innovation in engineering research and practice, encourage

entrepreneurship and promote leadership in engineer’s service to society.
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Based upon these conclusions, the College of Engineering at UT-Austin has developed
approachesfor research, education, and public service. The College has developed following
education approaches towards Engineering Entrepreneurship in the classroom.

For Students with special interests in Engineering Entrepreneurship

The College has developed undergraduate and graduate courses in Engineering
Entrepreneurship. The latest course, "From Lab to Market" is a graduate level course that
presents an organized approach to entrepreneurship and relates market needs to current
university research activities. The course is cross-listed in the School of Business, the
College of Natural Sciences, the School of Law, and the College of Engineering. The
students work in interdisciplinary teams in developing their approach to the
commercialization of specific technologies. The course includes a series of guest speakers
that add the pragmatic approach the engineering enterprise. The guest lectures are open to
other faculty, staff, students, and the broad community that UT-Austin serves.

For all engineering students.

Integration of the material in the undergraduate curriculum ostensibly presents a more
difficult question and a more difficult task. Engineering Entrepreneurship curriculum
material intended for a broad spectrum of engineering students can, however, enhance the
general education received by these students. As an example, faculty can define capstone
engineering design problemsin a broad context which not only requires studentsto "design a
system component, or process to meet desired needs' but also to realize the "broader
implications’ of their designsin a"global and societal context". Faculty can (and perhaps
should) teach engineering economics in the context of the engineering enterprise that many
students will later experience in their professional career. Even during the freshman year,
students can study the engineering design process in the context of the Engineering
Enterprise that hel ps them understand professional and ethical responsibility and the need to
communicate clearly and effectively. The authors do not suggest that engineering programs
must expose all their students to Engineering Entrepreneurship. In fact, all of the studentsin
engineering programs at UT-Austin currently do not experience such exposure. The authors
are suggesting that Engineering Entrepreneurship offers rich pedagogical opportunities to
address many of the topics of interest to engineering educators (aslisted in ABET Ciriteria (a)
through (k) listed above) and to encourage an education and research culture which promotes
innovation, creativity, and leadership.

V. Conclusion
The toolbox is growing vastly; this removes limitations on the
engineer. What is possible threatens to outpace people’s
knowledge of how to realizeit.
Dr. Winfred Phillips™®

The paper establishes pedagogical justification for including in engineering curricula both
courses and material in Engineering Entrepreneurship. Experiencesin Engineering
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Entrepreneurship can provide a framework for addressing engineering problemsin a societal
context. For UT-Austin, Entrepreneurship can also help develop concepts of |eadership,
innovation, and creativity that serve as core values both for the College of Engineering and
for various departments.

The College of Engineering has developed (and continues to develop) courses, course
material, and experiences to provide undergraduate and graduate students in engineering the
opportunity to better understand the Engineering Enterprise. Many of these experiences are
being developed specifically for students with specific interests in Entrepreneurship. These
experiences include concepts of starting and running a technology business.

The College also is developing curriculum material for a broader cross-section of students.
Aslisted above, the Department of Mechanical Engineering has identified core values of
leadership and innovation. These are characteristics important in Engineering
Entrepreneurship, and they are important in start-up and small engineering businesses. They
are also, however, qualities needed for engineering work in any technology business. The
same istrue for the other values listed above: creativity, novel applications of fundamental
engineering science, interdisciplinary activities, community of scholars, development of
future leaders, professionalism, and excitement in discovery. Conceptually placing the
engineering student in the position of the decision maker in her own company encouragesthe
student to better develop the professional skills necessary in today’s workplace. Thisalso
encourages students to better understand customer needs that drive the products and services
that engineers create. Engineering itself isacreative process. The practice of engineering has
an inherent (and unavoidable impact on society. Asaresult, design problemsinherently
include at least some issues of professional responsibility.’

Many of these values are also reflected in ABET criteria previously cited. Engineering
education programs across the United States struggle with how to develop course and
curriculum material found in ABET Criteria 2, Items a-k. Davis has stated, "We have come
to believe that professional ethics should be taught in a way most likely to bring home to
students that ethics problems do not come free-standing in practice. They are integral to
what professionals do."*® Teaching concepts in Engineering Entrepreneurship offers a
promising mechanism to expose studentsto the professional responsibility of engineerswhile
at the same time developing improved skills of product realization driven by customer
requirements.
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