AC 2011-1233: FOSTERING INNOVATION THROUGH THE INTEGRA-
TION OF ENGINEERING AND LIBERAL EDUCATION

Cherrice Traver, Union College

Cherrice Traver received her BS in Physics from the State University of New York at Albany in 1982 and
her PhD in Electrical Engineering from the University of Virginia in 1988. She has been a faculty member
at Union College in the Electrical and Computer Engineering department since 1986, and has been the
Dean of Engineering since 2005. Recently Dr. Traver has been involved in initiatives at the interface of
engineering and the liberal arts. She has led two national symposia on Engineering and Liberal Education
at Union College and she was General Chair for the 2008 Frontiers in Education conference. Her teaching
interests are in the Computer Engineering area including Digital Design, Embedded Systems, and VLSI.
She has co-taught international project courses in Turkey and in Spain. Her research has been focused on
timing issues in digital systems. She has directed local and national outreach programs, including Robot
Camp and the P. O. Pistilli Scholarship.

J. Douglass Klein, Union College

J. Douglass Klein is Dean of Interdisciplinary Studies and Special Programs and Kenneth B. Sharpe
Professor of Economics at Union College. Klein joined the Union faculty in 1979, after earning a BA in
Mathematics at Grinnell College, and a PhD in Economics at the University of Wisconsin, Madison. He
has written on the economics of auctions, the measurement of economic efficiency, and the integration
of engineering and liberal arts. As Dean, Klein oversees fifteen interdisciplinary programs which draw
faculty from across the campus, including programs which integrate engineering and the liberal arts.

Borjana Mikic, Smith College

Dr. Borjana Mikic is the Rosemary Bradford Hewlett *40 Professor and Director of the Picker Engineering
Program at Smith College, the nation’s only ABET-accredited engineering program at an all women’s
College, where she teaches courses in Strength of Materials, Skeletal Biomechanics, Failure Analysis, and
Introductory Engineering. Her scholarship in the area of Orthoapedic Bioengineering seeks to understand
key factors that influence the establishment, maintenance, and restoration of biomechanical function in
skeletal tissues such as tendon, ligament, and bone. Dr. Mikic has formerly served as the Director of the
Sherrerd Center for Teaching and Learning at Smith College as well as the Chair of the Liberal Education
Division of the ASEE.

Atsushi Akera, Rensselaer Polytechnic Institute

Atsushi Akera is Director of First Year Studies and Associate Professor of History in the Department
of Science and Technology Studies at Rensselaer Polytechnic Institute. He has published Calculating a
Natural World: Computers, Scientists and Engineers During the Rise of U.S. Cold War Research with
MIT Press (2006), and is currently working on a book on the history of engineering education reform in
the United States.

Author’s Address: Rensselaer Polytechnic Institute, 110 8th Street, Troy, NY 12180. akeraa@rpi.edu.
Steven B. Shooter, Bucknell University

Steve Shooter is a Professor of Mechanical Engineering at Bucknell University where he has taught since
1995. At Bucknell he teaches the capstone senior design course, mechanical design, and mechatronics.
His research interests involve information management for design and the design of mechatronic systems
and products. Integral to this research is the exploration of approaches for the capture, storage and re-
trieval of product development information. He also explores techniques for enhancing innovation and
leveraging assets in developing new products and systems. He is a registered Professional Engineer in
the state of Pennsylvania and has been the PI on numerous projects with industry involving new product
development and the design of production infrastructure. He is the co-author of ”Foundations for Interop-
erability in Next-Generation Product Development Systems” that was recognized by ASME as one of the
most influential papers in computers and information in engineering from 1980-2000. During the summer
of 1997 and the year of 1998/99 he was a research faculty fellow at the National Institute of Standards
and Technology (NIST) in the Design Engineering Technologies Group. Prior to graduate study he was

(©American Society for Engineering Education, 2011

1°Ge/ 2z abed



a Process Engineer for Sony Corporation where he contributed to the start-up of their first compact disc
manufacturing plant. He has consulted extensively with the Pennsylvania Small Business Development
Center (SBDC) to assist entrepreneurs with new product development enterprises. He developed and im-
plemented an award-winning product development process adopted by all 17 of the state SBDCs. During
the academic year 2002/03 he was a Visiting Professor at the Swiss Federal Institute of Technology in
Lausanne (EPFL). For 2008/09 he was a Visiting Research Scientist at the Florida Institute for Human
and Machine Cognition. He has also participated in four NASA Bluesky workshops to explore solutions
to far-reaching problems at NASA.

Ari W Epstein, Massachusetts Institute of Technology

ARI EPSTEIN is a lecturer in the MIT Terrascope program and the MIT Department of Civil and En-
vironmental Engineering. He is particularly interested in team-oriented, project-based learning, and in
bringing the kind of learning that takes place in “free-choice” or “informal” settings, such as museums,
media and clubs, into more formal academic settings.

David Gillette, California Polytechnic State University, San Luis Obispo

Dr. David Gillette, Director, Liberal Arts & Engineering Studies, Colleges of Liberal Arts & Engineering.
Has 20 years of multi-disciplinary collaborative team development expertise all focused on community
development, documentation, educational outreach, and technology prototype development and testing.
Past work has included project development for various educational and communications divisions of
NASA, Universal Studios, and Disney Imagineering. Has over 16 years experience teaching undergradu-
ate and graduate level students in technical communications, cross-disciplinary technology development

and testing, and in media technology design and use for many universities in the USA, Japan and Aus-
tralia.

(©American Society for Engineering Education, 2011

2'Gel gz abed



Fostering Innovation and Entrepreneurship through the
Integration of Engineering and Liberal Education

ABSTRACT: There is growing urgency to graduate more innovative engineers. This paper
explores ways to foster the innovative capacity of undergraduate engineering students by
challenging them with big questions, and introducing them to multiple perspectives.

Students today are inspired by big questions that matter, like the NAE Grand Challenges.
Students are aided in finding innovative solutions to these big, open-ended, questions by having
them learn to entertain and explore multiple perspectives. While the importance of integrative
thinking is recognized in ABET’s EC-2000 (e.qg. criteria (c), (h) and (j)), and integrative
approaches are known to appeal to women and other underrepresented groups, there is still far
too little integration in the undergraduate engineering curriculum. The paper describes concrete
examples of how to foster innovative and entrepreneurial capacity in engineering undergraduate
students by harnessing the diverse and creative perspectives common to a liberal education.

We draw on curricular and extra-curricular examples developed by participants in the
Symposium on Engineering and Liberal Education (E&LE). The Symposium was inaugurated in
2008 as a forum to explore the rationale and methods of E&LE integration. For three years, the
Symposium has brought together academic leaders and scholars from both engineering and the
liberal arts to explore models for integrating engineering and the traditional liberal arts.

The examples presented are grouped into five different aspects of undergraduate engineering
education, addressing different phases of students’ progress, recognizing that fostering
innovation must be a continuous process:

1. Projects that focus on first year or introductory material

2. Projects that focus on core engineering courses

3. Projects that focus on capstone and extra-curricular experiences
4. Projects that span the curriculum

5. Faculty professional development to support projects

The paper also reviews research results linking innovative capacity to the development of
integrative (divergent) thinking skills.

1. INTRODUCTION

This paper explores the theory and practice of the integration of engineering and liberal
education (E&LE) to benefit the innovation and entrepreneurial capacities of engineering
undergraduates. We suggest that the proposed integration will (a) build innovation capacity in
students by making them comfortable in different learning styles, what we call “hybrid learning;”
(b) prepare students to recognize different sources of potential value, and different individual
leadership styles, both prerequisites to the creation of new entrepreneurial ventures; and (c)
inspire more students to study engineering by engaging them early and often in important real-
world problems, a method shown to appeal to students, and particularly groups traditionally
underrepresented in engineering.
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Authors of the paper have participated in the annual Symposium on Engineering and Liberal
Education, which brings together academic leaders and scholars to explore different models for
integrating engineering, technology and the traditional liberal arts.*** Symposium participants
are currently engaged in a variety of integrative activities from different stages in engineering
education: first-year and introductory experiences; core engineering courses; capstone or extra-
curricular projects; or full curricular initiatives. The Symposium intends to build on this network
of like-minded partners, and begin to work with outside industry experts and professional
organizations to address the innovation and entrepreneurship challenges.

Beginning in 2011, the Symposium will include an annual Integrate to Innovate Faculty Institute
(i2iFI), at which faculty prepare to successfully provide students with integrative experiences. By
showcasing successful integrative projects, the Symposium hopes to expand the impact of
important work currently being carried out in isolation at member institutions and will build on
and extend the Symposium’s reach.

The Symposium and i2iFI will work toward three goals:

Products and Processes: Develop demonstrated methods, processes, and educational
materials for integrating engineering and liberal education at all stages of undergraduate
engineering education that inspire more students to study STEM disciplines, and enhance
student innovation and entrepreneurial capacities.

Network: Grow a large network of educators, practitioners, and innovation experts who
share a vision for developing innovative and entrepreneurial capacities by integrating
engineering and liberal education.

Knowledge and Metrics: Advance the knowledge of how to foster innovation and
entrepreneurship in the context of undergraduate engineering education and develop effective
assessment metrics and methods for evaluating major antecedents for innovation and
entrepreneurship.

2. THE BENEFITS OF INTEGRATION

There are many calls to transform U.S. engineering education in order to face the challenges of
the 21% Century. " 8 10.32.39.66. 79,80, 81, 82, 83,98, 110,126 & rrently, too much engineering education
teaches students to solve set problems assigned to them as quickly and efficiently as possible. It
succeeds, but at the expense of nurturing curiosity, divergent thinking, creativity, innovation, and
entrepreneurial skills, and what we call hybrid learning. It kills creativity,> 2% 7 104107 anq jts
divorce from “social value and relevance”® misses the opportunity to increase the number and
diversity of students studying engineering.®® 1%°

The need for more creative and socially-aware engineers increases, while engineering educators
feel compelled to pack ever more scientific and technical content into an already over-full
curriculum. Although new criteria for breadth have been set,* and holistic solutions proposed,**
31, 44,47, 109, 118 yransformation has been slow at best.
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We must stop thinking of engineering education as a zero-sum game. By that change in
perspective, solutions follow. Engineering students can learn technical engineering content
simultaneously — and more effectively — with other skills and content. Broadening the context in
which technical content is learned can enhance the potential for innovation and entrepreneurial
behavior. This new perspective integrates engineering and liberal education, rather than
treating the two as separate educational components.

In spite of its power, the integrative perspective can not be legislated. Kuhn ° observed that
professionals do not easily change their ways of thinking. And yet, when evidence becomes
overwhelming, eventually the perspective does shift. The integrative approach to engineering
education supports the development of capacities associated with innovation and
entrepreneurship, and models successful real-world innovation strategies.” ° 53 9% 115,122

In this paper, integration means activities involving people/ideas/methods/pedagogies drawn
from both engineering and the liberal arts, and from inside and outside the academy. Both the
professional education establishment,™ 88 and the liberal education establishment,” ®* % have
suggested ending any historical distinction between “professional” and “liberal” education. The
“real world” also agrees, as the demand for professionals and leaders with skills from a liberal
education, is growing.'® 3031955637, 6L 115 |nteqration of E&LE fosters the capacities to access
and apply information in different ways — skills that we refer to as “hybrid learning” — which are
the antecedents to both innovative thought and entrepreneurial action.

As we define it, hybrid learning encompasses three factors. First, it represents a student’s ability
to comfortably navigate among a variety of learning styles, such as concrete experience vs.
abstraction, or active experimentation vs. observation, by approaching new situations as learning
opportunities and adopting from among a variety of cognitive and social tools for grasping and
transforming experiences.*® ™ Second, it represents a student’s ability to recognize different
forms of value creation, such as internal efficiencies vs. external opportunities, and adaptive
flexibility vs. stable control, while subsequently and opportunistically acting on potential value-
creating experiences.™ Third, it represents a student’s ability to recognize their individual
leadership style -- creative vs. controlling, or cooperative vs. competitive -- the leadership styles
in others, and the ways that the unique skills of individuals can be successfully organized into
effective teams for leading innovation.?

In brief, integrating E&LE achieves the following:

:g- o INTEGRATION . _
. . . e c - - Qo =
a. Integration advances innovation 2as Engineering 5 ;—’ 2
- o = =
b. Integration grooms entrepreneurs > E 2- . q; o o
- . - . - - O
c. Integration increases inspiration oee ° g o
L 0w Liberal Arts g3 0
Q23 g3
a. Integration advances Innovation g e 3
Innovation is novel insight stemming from unique S Innovation

and creative integration of diverse ideas. Innovation 2"“"“?'9 P:'SPE“WES
has both intellectual and social components because SSRGS SIS

novel insight requires the individual to have both a
thorough understanding of particular domains of knowledge,*** and also an appreciation for the
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limitations of these domains and the ability to break free of disciplinary constraints and
reconfigure one’s own knowledge with the knowledge of others.'> 3 41197113 Thyg hoth domain
knowledge and integrative experience are important antecedents of innovation.

One of the most powerful effects of E&LE integration is that of collective intelligence. Page®®
shows that in many situations calling for innovative solutions, who you know turns out to trump
what you know, and Reich®® has noted that in the modern world, successful new ventures require
a team; what he refers to as “collective entrepreneurship.” Leonard and Sensiper write, “Creative
ideas do not arise spontaneously from the air but are born out of conscious, semiconscious, and
unconscious mental sorting, grouping, matching, and melding. Moreover, interpersonal
interactions at the conscious level stimulate and enhance these activities; interplay among
individuals appears essential to the innovation process” " There is ample evidence of the power
of intellectual diversity in spurring innovative ideas.?® 3" °" > 61.88. 117

An integrated curriculum can provide both the background skills needed for innovation and a
supportive educational environment where it can flourish. Undergraduate education is the ideal
time to sow the seeds of innovative behavior that generates novel ideas, and that will ultimately
create value for society, especially when students have access to successful role models from
outside academia.?® % Students need both the domain-specific skills for mastering knowledge in
certain areas as well as the integrative and social skills for combining their knowledge with that
of others in hybrid learning formats. Companies like IBM and IDEO refer to people with both
domain-specific and integrative skills as “T-shaped” people,**®* and find them key to the
innovation process.

b. Integration grooms entrepreneurs

Entrepreneurship is the ability to marshal resources in order to realize an idea or cluster of ideas
that creates value for a stated stakeholder set. As Schumpeter'® explained, entrepreneurs exploit
new inventions or ideas, or they find new ways to exploit existing ones. Entrepreneurs are able to
successfully change established routines by orienting people and markets to produce new forms
of value. Entrepreneurship is a complex social process that is not limited to the sole notion of
creating a business start-up but includes putting knowledge and innovation into action in any
field of human endeavor, an idea underlying much of the recent effort to promote
entrepreneurship education.® %122

Characteristics of successful entrepreneurs include comfort with ambiguity, tolerance for risk
and uncertainty, critical thinking skills, holistic thinking skills, open-mindedness, outstanding
communication skills, analytical skills, and vision. In addition, entrepreneurs need to be
internally motivated, passionate and persistent, and driven by possibility. 1°**°* As engineering
students work on complex real-world problems, and grapple with the social and cultural issues
common in the liberal arts, they learn to tolerate ambiguity, and understand better the need to
always learn from new situations.

This list follows quite closely the learning outcomes expected of liberally educated students,>* >*
103,108,115, 116 and help explain the enthusiasm with which entrepreneurship education is growing
in all corners of the academy. Lemann sums up the value of exposure to liberal education on the
part of professionally oriented students as follows: “The essential paradox of liberal education is
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that by being evidently impractical, it equips a student for life far more richly and completely,
and across a far wider expanse of time and space, than does education whose sole aim is to be
useful.” ® P14 Whatever the form of value that the entrepreneur seeks to create, the capacities to
become entrepreneurial are enhanced in students by the integration of E&LE. The integration
enables students to match technical capacities with social contexts and opportunities. Blending of
engineering and liberal education not only provides students with the ability to articulate
complex ideas to a wider audience, but more importantly to identify new opportunities.

c. Integration increases inspiration

Students are inspired by real, important, complex problems, more than by *“plug-and-chug”
exercises. Realistic problems not only attract more students, but result in greater motivation and
more time on task. Engaged students learn more and retain more of what they study.> 3
Problem-Based Learning, Challenge-Based Learning, and other sorts of integrative learning
activities motivate and engage students. Studies show that students respond positively in
motivation and retention when given realistic problems or challenges.'# % °8-64.74. 78, 114, 119 123

It is exactly these real, complex, socially relevant problems that graduates need to be prepared to
address.

At Smith College, for example, students in the Computer Supported Intentional Learning
Environment (CSILE) known as Knowledge Forum, work collaboratively to improve their
collective understanding of the problem of explanation that they themselves have identified as
being of interest, a key feature of intrinsic motivation. Students actively integrate knowledge
from across numerous disciplines beyond engineering in their efforts to improve their
understanding of the problem at hand.

A critical challenge in preparing the nation’s future engineering leaders is to broaden the appeal
of engineering among women and other under-represented groups. The integrative educational
experiences have been documented to inspire those groups. Rhoten and Phirman,®® review the
evidence, and find, e.g., that “environmental engineering attracts more women than other fields
of engineering because the former is seen as offering an integrated and interconnected approach
that has ‘social value and relevance’ and results in work that has ‘a positive impact on society.””
On Widnall’s**’ top ten list of why women do not go into engineering, the number one reason is
“lack of connection between engineering and the problems of our society.” Schreuders,'*
concludes that women are more altruistic than men, and prefer to study subjects that deal with
people than with things. There is much evidence that women and other underrepresented groups
are disproportionately attracted to study interdisciplinary and socially relevant subjects.” ** 4% %%
90.95.105 The yse of realistic though complex and socially relevant questions and problems, while
appealing to these groups, works equally well in motivating all types of students.*®

Making Change Feasible

We find wide-spread support for moving toward a more holistic, integrated engineering
education through the integration of engineering and the liberal arts.** *° Evidence suggests that
this will attract and retain more (and more diverse) engineering students, and will develop their
innovative and entrepreneurial talents. There is a long history of trying to broaden engineering
education. Well before EC 2000 and the NAE Reports,®" # some engineering educators were
quite vocal about the necessity of expanding liberal education for the proper development of the
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engineering profession. Nevertheless, even the most thoughtful observers such as Florman*®
described effective E&LE integration as an “intractable problem.”

The difficulties giving rise to this intractability have been stated repeatedly in the multiple ASEE
studies of “humanistic-social” training in engineering.® ** **#" Difficulties cited include: lack of
student engagement; curricular compaction in engineering, and the limited time available liberal
arts (LA) subjects; engineering faculty who do not model and fully support the importance of
LA; limited engagement of LA faculty; and poorly formulated objectives for the LA component
of the curriculum.? & 34427387

In the past, obstacles have prevented transformation, and the work of Symposium participants
seeks to avoid them.?* 2> %" % previous attempts have focused within schools of engineering, and
have sought to add content to the existing curriculum, raising both faculty and student resistance.
For the most part, they have not been truly integrative. Nevertheless, a direction for future work
is to better understand how to export successful “products” to other institutions, perhaps by
gaining better understanding of the strengths and weaknesses of the approaches used by the
Engineering Education Centers.

The Symposium identifies existing bright spots in the academy, providing successful examples,
led by committed faculty members, assisted by concerned external practitioners, that fit within
existing educational structures, and that demonstrate that integrative learning is a positive-sum
game.'% Integration of the types described here avoid, for the most part, academic red tape by
working within existing curricular structures. The goal is to foster collaborations of the willing,
across disciplinary boundaries, and boundaries between academia and the outside world, leading
students to experience the power and the joy of collectively tackling real, complex questions.
Collectively, the examples presented here provide compelling and adaptable curricular
prototypes of integrative experiences that lead students through different learning styles and
prepare the next generation of innovators, entrepreneurs, and technology leaders.

We feel that the time is right for change.®” There is a renewed urgency and vision,” 828 and
early successes at individual schools and programs have begun to demonstrate the feasibility and
the benefit of integration, and many have been showcased at the Symposium on E&LE.®® %
Next steps are to provide tools that empower more faculty to act, to create a national community
of practice, and to demonstrate how the integration of E&LE elevates engineering students’
capacities for innovative and entrepreneurial careers.

3. EXAMPLES OF INTEGRATION OF E&LE

Experiences and activities presented in this section all represent existing integrative activities.
They illustrate ways to leverage expertise from non-engineering disciplines into important
components of the engineering education spectrum. Study of these successful activities will lead
to the insights and evidence needed to motivate adoption at other institutions.

The projects are organized into five groups: three that encompass standard phases of
undergraduate engineering, one that includes full four-year curriculum projects, and one that
builds faculty capacity to develop and teach using integrative activities. The projects address
different parts of the undergraduate engineering education to systematically develop students’
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innovative capacities and entrepreneurial mindset. The outcomes of the projects are aligned with
the ABET professional outcomes c, d, f, g, h, i, and j, providing meaningful ways to address
those aspects of EC 2000 with which many programs typically struggle.

Many integrative projects can involve outside partners, including museum exhibit and game
developers, entrepreneurs (alumni and local), IT professionals and venture philanthropists, radio
producers, industry and engineering firms, musicians, professional instrument builders, design
consultants, public agencies, hospitals, non-profit organizations, environmental groups,
technology incubators and business and innovation associations. These partners can contribute to
workshops and development work with faculty, evaluation of student work, guest lectures, and
assessment and improvement of courses, and they will serve as project advisors and mentors,
external advisory committee members for programs and courses, and customers for design
courses.

As noted above, projects such as these are not without their challenges. Some of the projects
cited have avoided red tape by working within existing course and program structures. Others
have benefitted from external funding, and some have started as pilot projects by their
representative institutions. The common thread is that the projects have been initiated and
sustained by entrepreneurial faculty in both engineering and the liberal arts who are pursuing
their passion for integrative learning.

The combined projects described below will impact approximately 4800 undergraduate students
per year, supported by 38 faculty at 18 institutions. Each group of projects involves faculty from
a range of institutions and disciplines, and implements integration using a variety of approaches.
Linked by a common goal of improving hybrid learning through integration, this diverse
community offers examples that can be applied to many types of engineering programs
throughout the country.

a. First Year and Introductory Courses — Many efforts to improve engineering education and
address attrition have focused on first-year courses and curriculum. Introductory courses that
integrate engineering with science and math have been shown to improve retention, disciplinary
learning, and transfer of non-disciplinary skills.*> We argue that further integration with liberal
arts disciplines and a focus on complex, socio-technical problems will develop capacities for
innovative solutions that involve diverse stakeholders. The pilot projects in this group integrate
engineering and liberal arts topics, and in some cases students and faculty, and direct the
student’s attention to the “problem formulation” phase of design. They challenge students to
develop innovative and ethical approaches to complex, wide-ranging problems.

By deliberately keeping the challenges broad, and asking students to consider each problem from
many perspectives, these projects encourage students to develop a better understanding of
engineering in context and the need for knowledge of other disciplines. Faculty from six
institutions will work on introductory course projects. The mix of institutions, including three
institutes of technology, two liberal arts colleges, and a large university, illustrate first year
approaches on different class sizes, organizational structures, and student populations.
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University of Illinois Urbana-Champaign (Russ Korte): iEFX: Illinois Engineering Freshmen
Experience provides engineering students with a broad interdisciplinary view of the field of
engineering that emphasizes the remarkable place in society that engineers hold, fosters the
continuous and rigorous development of intellectual skills and judgment, and emphasizes the
critical importance of social connectedness and societal obligations.®

Macalester College (Diane Michelfelder), RIT (Wade Robison): Modules designed for generic
introductory design courses (for both engineering and non-engineering students) that
incorporate best practices for teaching engineering ethics in solving real-world design
problems.®’

MIT (Samuel Bowring, Ari Epstein): Terrascope: A project-based learning community open to
all first-year MIT students in which participants address a single complex environmental
problem that includes technical components, but that also requires expertise in the traditional
liberal arts such as ethics, political science, economics, history, and art.** "

Olin College (Steve Gold): FBE: Foundations of Business and Entrepreneurship - an
engineering course on entrepreneurial thinking based on a resource-driven or effectual
thinking approach.

RPI (Atsushi Akera): IT & Society: A first year course for IT majors that enhances students’
engagement and broadens their professional identification and development through a large
scale social entrepreneurial simulation model.?

Union College (Jan Grigsby): An experiential and service learning course that engages liberal
arts, science, and engineering students in addressing complex community problems whose
solutions require input from multiple disciplines.*

Union College (Mark Walker): A course in the general education program that is required by
students of all majors, team-taught by technical and liberal arts faculty, and assisted by an
industry mentor to model and promote multidisciplinary collaboration and peer-based learning
through research on real-world problems.>*

In different ways, the first year and introductory courses all require engagement in multi-
disciplinary learning, collaborative brainstorming and problem solving, and understanding the
context of engineering and related disciplines. Research indicates® that the broader
interdisciplinary view of engineering, as well as the emphasis on social connectedness and social
good, appeals to many students, especially those in underrepresented groups, who typically
become disillusioned in more traditional freshmen engineering programs. Industry partners,
NGOs, and community partners will help to motivate the projects by bringing real-world
problems into the classroom.

b. Core Engineering Courses — Bringing other disciplines to bear on courses in which the
engineering science focus is predominant poses the biggest challenge to integration.?” But as
these courses form the majority of the engineering curriculum, integration in this area offers the
greatest potential impact for developing an entrepreneurial mindset and the capacity to innovate.
Without compromising the disciplinary knowledge base developed in the core engineering
curriculum, projects that use liberal arts pedagogies, develop integrated modules, and redesign
core courses to be integrative will promote a new awareness of “engineering in context” while
supporting EC 2000 outcomes often left unaddressed within the core engineering curriculum.
Faculty from seven institutions have focused on integration in core engineering courses. The
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institutions include five liberal arts universities and colleges, one small engineering college, and
one public university. This group of mostly small institutions has the advantage of smaller
barriers to integration between disciplines and is ideal for tackling the difficult core curricular
area. Some have already partnered with large universities to transfer their approaches.

Hope College (John Krupczak): Innovators as Exemplars: Including entrepreneurs and
engineers from industry in a required engineering seminar course to promote a culture of
innovation through examples and connections to the liberal arts.

Olin College (Mark Somerville): A user-oriented collaborative engineering design course
taught by faculty from diverse disciplines.

Rowan University (Linda Head): An electronic text with embedded Liberal Arts content
packaged in modules for core disciplinary engineering courses

Smith College (Borjana Mikic, Susannah Howe, Glenn Ellis): Using Knowledge Building, an
idea-centered pedagogy, via the Computer Supported Intentional Learning Environment
(CSILE) to enhance integrative thinking and innovation in core engineering courses.®

Sweet Briar College (Hank Yochum, Scott Pierce), St. Ambrose Univ. (Jodi Prosise):
Multidisciplinary faculty-student design teams in required courses work on increasing quality
of life for people with physical/mental challenges utilizing project based learning with health
practitioners.®

Union College (Palma Catravas, Dianne McMullen): A practical model for integrative study
through project-based, coordinated learning activities between existing courses in engineering
and the arts.?°

Through connections to outside practitioners, design projects, contextual materials and liberal
arts pedagogies, the projects in this group reveal for students the links between seemingly
disparate ideas and theories. By reducing the isolation from context and other perspectives that is
typical of core engineering courses, the engineering curriculum becomes more open and
appealing to students. Most of these projects involve practitioners who provide further links to
the outside world and ensure relevance of the material.

c. Upper-level Courses and Extra-Curricular Experiences — At the junior and senior year,
students have sufficient disciplinary knowledge to engage in multi-disciplinary team projects that
fully immerse them in the activities that can further develop hybrid learning. Capstone projects
are where we see the results from engineering education research on project based learning and
similar pedagogies most often applied,**® but “multi-disciplinary” is still often bounded to STEM
disciplines. By using complex real-world problems, and bringing students from a wider range of
disciplines together to contribute significantly to project outcomes, faculty help engineering
students see first hand that innovation requires creative applications of theories, perspectives and
methods from beyond engineering. In the projects described here, teams consist of engineering
and liberal arts students, and projects are focused on either entrepreneurial ventures or real
community problems. Faculty from five institutions (Bucknell University, Cal Poly, Lafayette
College, Smith College, and Union College) are working on these projects. The projects span the
types of experiences typically found in engineering programs: capstone design projects, outreach
projects, and projects linked to entrepreneurship courses.
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Bucknell University (Mike Toole): Model for multi-disciplinary service-learning senior design
projects that involve engineering and liberal arts students

Cal Poly (David Gillette, Lizabeth Schlemer): HO:ME Project - interdisciplinary team of Cal
Poly students and faculty work with Housing Authority to create a housing/office/community
complex.

Lafayette College (Sharon Jones): Engineering and liberal arts students collaborate with
companies at the Ben Franklin Technology Partners on early-stage technology innovation and
strategic technology adaptation projects. Podcasts of case studies are used in senior electives
and capstone courses.

Smith College (Susannah Howe, Andrew Guswa): Engineering and liberal arts students
collaborate on applied projects with real-world impact in partnership with local community
organizations.

Union College (Hal Fried, Ron Bucinell): Engineering and liberal arts student form design
teams based on engineering senior projects. Teams explore the potential for
commercialization and social entrepreneurship, and participate in business plan
competitions.*®

The integrated approach to capstone and extracurricular projects requires students to understand
different perspectives and apply them to solve complex problems. Students should also
demonstrate interpersonal, leadership, and cross-disciplinary communication skills when they
interact on diverse teams. Projects that focus on entrepreneurship require that students
understand what it means to be an entrepreneur and develop experience and comfort with risk
and uncertainty. Interaction with technology developers in incubators, with entrepreneurs, with
community members as customers, and with real-world applications motivates students.

d. Programs that Span the Curriculum — While many reforms necessarily focus on existing
engineering degree programs, wiping the slate clean and proposing entirely new programs is
another model that should be studied for its potential to transform engineering education.
Examples include existing prototype projects that result in engineering programs built around
design, innovation, and Grand Challenge problems, multi-disciplinary learning communities, and
integrated dual-majors. These projects integrate engineering and the liberal arts through a series
of integrated courses and through learning community projects. There are three projects in this
group at two institutions. (Arizona State, RPI) Both large institutions offer many engineering
programs, and provide excellent test beds for studying these new approaches.

Arizona State (Thanassis Rikakis, Hari Sundaram, Aisling Kelliher): Creating organizing
structure, pedagogy and tools for integrating diverse types of knowledge in curricula that are
built on grand challenge problems.*®

RPI (Dean Nieusma): A set of interdisciplinary, undergraduate courses and dual-degree
options that span engineering, the humanities and social sciences, design disciplines, and
management.*®

RPI (Atsushi Akera): Enhancing student learning through a living learning community and
campus-wide focus on energy resources and sustainability.*
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Educational objectives of these programs include: “ability to understand societal needs and
limitations; having this foundation as a source and inspiration for innovation” and “Increased
satisfaction of industry with graduating students hired (students better prepared to work in teams
to address real world problems).”

The programs represented in this group have been specifically designed to attract
underrepresented students, with approaches such as offering trans-disciplinary courses, enrolling
a gender-balanced set of students into the learning community, and using design studio
techniques and real-world problem solving. New curricula projects involve industry as
participants in projects and courses, to provide program proficiencies, and to provide stories of
successful practitioners. Learning communities interface with non-profit organizations in their
activities.

e. Faculty Development Projects — Faculty development has been cited as the most critical
need for engineering education reform, especially in the area of design education.'?® We believe
that the inclusion of faculty from other disciplines and external partners to combine engineering
education research results with the broader academic, industrial and non-profit best practices
helps to develop new attitudes, approaches, and skills. The five projects in the faculty
development group contribute to the development of these skills at their home campuses.. Two
of the projects will directly engage faculty from diverse disciplines on multi-disciplinary
teaching endeavors, and two of the projects focus on the development of tools and materials to
facilitate teaching integrated case studies. One of the projects will further develop the summer
innovation workshops for faculty across disciplines. The institutions that are developing models
for engaging faculty from many disciplines to develop teaching material include both small
private colleges and a large university.

SUNY Binghamton (George Catalano): Faculty development and course modules for
interdisciplinary teaching of ethical issues in the use and the management of societal and
environmental resources.**

Bucknell Univ. (Steve Shooter): Summer innovation workshop for faculty across
disciplines.*!

Rowan Univ. (Linda Head): Course development tools for faculty to create interactive, multi-
media case studies and scenarios

Smith College (Borjana Mikic, Andrew Guswa): Faculty learning communities for developing
multi-disciplinary case studies involving problems requiring widely different areas of
expertise.

Univ. of Georgia (Tim Foutz): Interdisciplinary faculty team to develop models for connecting
the humanities with engineering; creation of learning modules to illustrate the integration
principles

Faculty development projects aim to improve the skills needed for making connections between
disciplines and from faculty’s primary discipline to innovation. Other goals require increasing
faculty understanding of the value of cross-disciplinary collaboration, the power of reflection and
other pedagogies used in the liberal arts. Examples of practical skills are recognizing
opportunities for innovative curricular, co-curricular and/or civic activities, and using modern

€1°G2/ ¢z abed



software to build case study scenarios. Several of the integrated project examples used in the
faculty development work connect to the environmental and community issues that appeal to
underrepresented groups of students. All of these projects include outside agencies, engineering
firms, non-profit organizations, or individual engineers and other practitioners in their projects.
Interactions with these individuals and organizations enhance the faculty development effort by
providing practical content as well as examples of innovation.

The faculty development efforts will be presented in 2011 through workshops at the i2i Faculty
Institute associated with the Symposium on E&LE, led by the faculty development group
described above, with the following offerings:

e Fostering Integration: Faculty Learning Communities
e Pedagogies for Bridging the Engineering and Humanities Disciplines

e Reaching across the Disciplines: Facing the Ethical Issues of a Technologically Complex
World

The workshops are distinctive in their emphasis on integrating faculty from disciplines in
engineering and the liberal arts as well as external partners, and on preparing faculty to facilitate
student projects that address complex and realistic challenges.

4. CONCLUSIONS AND IMPLICATIONS

The integrative approaches to engineering education outlined in this paper are designed to
address the national need for an undergraduate engineering education that leads to more
innovative and entrepreneurial engineering graduates, by a change in perspective. The integrative
approach is key to meeting the need for more, and more innovative engineering graduates, and
involves a shift from a self-contained (silo) mentality of engineering education, to a perspective
that integrates engineering and liberal education. We see at least three ways that the integrative
approach will improve engineering education, beyond the impacts on innovation and
entrepreneurial potential, as discussed above. The integrative approach:

e changes engineering education in ways that women and other underrepresented groups
find appealing

e enables engineering programs to more easily satisfy ABET’s professional skills criteria,
(a)-(k)

e raises the engagement and the technological literacy of non-engineering students.

Enhancing diversity in engineering: By happy coincidence, the same integrative approach to
engineering education that prepares students to be more innovative and more entrepreneurial also
attracts more students to study engineering, and most significantly, is shown to be more
appealing to women and other under-represented groups. A by-product of integrating
engineering and liberal education should be enhanced diversity among engineering students.

Satisfying (a)-(k): By incorporating integrative problems and solutions into different
components of the traditional engineering curriculum (e.g., at the introductory level, the “core
fundamentals” level, and the capstone design level) institutions will more easily be able to
demonstrate that their students have achieved the ABET professional learning outcomes (a)-(k).
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Eliminating the zero-sum mentality means it is possible to fit more content into the same time by
teaching technical content in the context of a real-world problem with liberal arts (cultural,
communications, socio-economic, ethical) content. This view could actually increase the number
of courses with technical content for engineering students, and at the same time increase the
number of courses with liberal arts content for engineering students, since the two arenas would
not be treated as mutually exclusive.

Enhancing technological literacy: E&LE integration has the potential to have a significant
impact on the rest of the nation’s undergraduate educational system. As beneficial as integrative
thinking and learning is to engineering students, it is equally beneficial to liberal arts and other
students. The lowering of boundaries among the disciplines, and especially between engineering
and the liberal arts fields, will be a huge win for the nation. The lack of technical awareness
among leaders in the U.S. is shocking, and it is vastly more difficult to implement the kinds of
integrative experiences we envision at the graduate level, where specialization is the watchword.
It must take place in the undergraduate curriculum, and the benefits to innovation,
entrepreneurship, and leadership will be felt well beyond the bounds of engineering education.
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