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Clive L. Dym 238–239 Guest Editorial

Clive L. Dym 240–248 Engineering Design @ HMC: A Testament to Innovation and
Entrepreneurship

This paper elaborates and formalizes the opening remarks made by the chair of the organizing committee at a recent workshop on
innovation and entrepreneurship. Held at Harvey Mudd College in May 2011, and supported by HMC’s Center for Design
Education and the National Science Foundation, Mudd Design Workshop VIII provided a forum for engineers and designers—in
their roles as educators, researchers, and practitioners interested in learning and in design—to identify and articulate important
aspects of innovation and entrepreneurship in design and engineering education. The remarks summarized below were intended to
bring to the community’s attention the entrepreneurs who developed and implemented some truly innovative ideas in engineering
education. Many of these ideas are now ‘best practices,’ yet the innovators themselves are largely unrecognized. The story of these
ideas and their originators also serve to remind us, as members of engineering faculties, that all too often we are remiss in maintain
our institutional memories and passing down our own history.
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Alice Merner Agogino 249–250 Finding One’s Way

Martin Steinert and Larry J. Leifer 251–252 ‘Finding One’s Way’: Re-Discovering a Hunter-Gatherer Model based on
Wayfaring

Daniel M. Ferguson and 253–262 What is Engineering Innovativeness?
Matthew W. Ohland

An innovation is the ‘implementation of a new or significantly improved product (good or service), process, marketing method, or
organizational method in business practices, workplace organization or external relations’. Acting as innovators and as the
translators of new or existing technology into innovations that benefit society is the torch that engineers are expected to carry.
Multiple vague and overlapping definitions of innovative behavior by engineers lead to much confusion in our society over the role
that engineers play or can play in the innovation process. In this paper we explore the innovative behavior of engineers and the
relationship of that innovative behavior with the creative, problem solving, design and entrepreneurial behavior of engineers. These
different perspectives of defining the innovative behavior of engineers, or, as we call it, ‘innovativeness’ in engineers, illustrate the
societal confusion over the definition of innovative behavior by engineers. The key question that we propose to answer is: ‘What
set of intrinsic abilities (skills, knowledge, personality traits, or attributes) when combined with domain knowledge, experience and
other extrinsic factors enable and inspire engineers to create innovations that benefit society?’
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Ann F. McKenna and Adam R. Carberry 263–269 Characterizing the Role of Modeling in Innovation

Modeling is a core skill for engineering students and a pervasive feature of the engineering curriculum. Engineering students engage
in modeling anytime they use an equation, flow chart, force diagram, or any other representation of some physical phenomena
regardless of discipline. In this way modeling relates to both design process and analysis; however, students do not always
recognize the full and nuanced ways that these two interact. This paper reports results from our research that is exploring the role
that computational, analytical, and modeling abilities play in innovation, in the context of engineering design education. Our study
reports results on faculty and students’ conceptions on the role of modeling in design. Specifically, our study sheds light on the
variations in how faculty and students describe how to model a design idea or solution, and the different ways each group perceives
how models can be useful/helpful in the design process. Our findings indicate that students recognize the descriptive value of
physical models but mention the more abstract mathematical or predictive nature of modeling less often. In addition, we found
significant differences between students and faculty responses in providing mathematics or theory as an approach to modeling a
design solution.
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Rebecca M. Currano and Martin Steinert 270–274 A Framework for Reflective Practice in Innovative Design

It is a primary goal for designers to create not just high quality designs, but new and innovative designs. The means to promote
creative ideation on a consistent basis, and the conditions under which designers create new ideas are not well understood. In this
paper we discuss preliminary research on reflective practices used by designers in idea generation. We present a variety of reflective
practices used by design students in coming up with new insights and ideas. We offer a clarified definition of reflective practice,
derived from Donald Schön’s concept of reflection-in-action and prior studies of our own. Lastly, we propose and assess a
framework for characterizing reflective practices.
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Roger Burton, Lizabeth Schlemer and 275–285 Transformational Innovation: Reflections on How to Foster it in
Linda Vanasupa Engineering Education Systems

This paper describes the educators’ disposition that we believe is required for transformational innovation. Innovating in this
domain relies on interrupting existing patterns. This interruption requires the conscious recognition of patterns through an active
practice of self observation. Though self observation does not necessarily need a collective process, it is served by encountering the
diversity of views present in groups. Innovation in this sense consists of a fundamental identity shift in the human system and the
innovators themselves. Unlike the processes of problem solving and process improvement, transformational innovation requires
insight into the individual and collective attention of the designers. It also allows access to unexamined mental models and
apparent cause and effect relationships. The praxis of transformational innovation within organizations looks like an active practice
of reflection, experimentation and learning within the human system. We explain the theoretical perspective, suggest a protocol to
begin experimenting with self observation for the purpose of pattern interruption, summarize preliminary results from a year-long
process of action research involving over 25 university agents in such a change process, and comment on the limitations and risks
in the protocol.
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Kimberly E. Bigelow 286–292 Student Perspectives in an All-Female First-Year Engineering Innovation
Course

In Fall 2008 the University of Dayton first offered their restructured first-year design course entitled Engineering Innovation. A
year later an all-female section of the course was offered, in conjunction with the development of a Women in Science and
Engineering Living Learning Community. Now having finished the second year of this initiative, this paper focuses on student
perspectives of having been in an all-female engineering design class. Reflection papers written by the students detailed both
perceived benefits and consequences of the all-female class experience. This paper examines these perceptions and discusses the
implications these perceptions have for teaching traditional mixed-gendered innovation courses so that they might be more inclusive
to all students.
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Kimberly Lau, Sara L. Beckman and 293–301 Diversity in Design Teams: An Investigation of Learning Styles and their
Alice M. Agogino Impact on Team Performance and Innovation

In this paper, we examine the role of diversity in design team performance, and discuss how diversity factors affect the dynamics
and success of a design team. In particular, we focus on diversity in learning styles, as defined by Kolb’s Experiential Learning
Theory. We also consider other demographic factors, such as discipline and gender. We present data gathered over two semesters
of a multidisciplinary, project-based graduate level design course offered at the University of California at Berkeley. The data were
captured through a series of surveys administered during the semester, first to collect diversity information on learning styles and
standard demographics, and then to assess team performance as students reflected on their team interactions. We examine and
compare the overall learning style breakdown of students in the class, along with an analysis of the teams. The results of our
analyses offer insights into how students with different learning styles appear to contribute to design team performance. We
provide recommendations that will help inform design educators on how to enhance overall team performance and innovation,
with an understanding of learning style differences.
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Jinny Rhee, David Parent and 302–309 Influence of Personality on a Senior Project Combining Innovation and
Clifton Oyamot Entrepreneurship

A pilot multidisciplinary engineering senior design project incorporating innovation and entrepreneurship was undertaken at San
José State University in the 2010–2011 academic year. The influence of personality domains described by the Big-Five
(extraversion, agreeableness, conscientiousness, emotional stability, and openness) on individual student performance, group
experience, and attitudes towards multidisciplinarity, after the conclusion of the first semester of a two semester experience, are
explored in this paper.
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Michele V. Manuel, Ann F. McKenna and 310–316 Supporting Students’ Technical Innovation in Capstone Design: Insights
Gregory B. Olson into the Human Connection

Educating and guiding undergraduate engineering design teams that perform at a high technical level in innovative design projects
can be accomplished by using a hierarchical coaching model. The coaching model discussed in this paper incorporates the use of
graduate students as coaches to mentor successful design teams. This paper discusses the results of a study performed on
undergraduate engineering design teams and their graduate student coaches during two consecutive years of a capstone design
course. The results of this study reveal two underlying themes that can be attributed to the successful execution of this model. One
theme is the development of human connections between the coach and undergraduate design team. Another theme that arose was
the need for mentorship of the graduate student coach, especially on technical management skills. Both themes enable the design
team and coaches to become involved in the design project for reasons beyond that of just understanding fundamental engineering
concepts and solving complex problems.
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Elizabeth M. Gerber, Jeanne Marie Olson 317–324 Extracurricular Design-Based Learning: Preparing Students for Careers
and Rebecca L. D. Komarek in Innovation

Government and industry depend on educational institutions to play a pivotal role in preparing the future workforce for careers in
innovation. Yet students learn how to innovate through practice, and opportunities for practice are limited in higher education.
This paper addresses this challenge by presenting a new student-led approach to innovation education called Extracurricular
Design-Based Learning. This model allows students to practice innovating solutions to authentic, pro-social, and local challenges in
an extracurricular setting. This paper provides an overview of the model and its implementation in Design for America at
Northwestern University. Findings from surveys, daily diaries, interviews, and observations suggest that students build innovation
self-efficacy through successful task completion, social persuasion, and vicarious learning in communities of practice with clients,
peers, industry professionals, and faculty. Further, students report achievement in learning outcomes outlined by the Accreditation
Board for Engineering and Technology.
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Mary Kathryn Thompson 325–338 Fostering Innovation in Cornerstone Design Courses

The boundaries between engineering design and business are becoming increasingly blurred and the need to produce innovative,
entrepreneurial engineering students is growing. This work explores the meaning of innovation and how innovation is currently
included in undergraduate curricula. It presents an 8 element model for encouraging innovation in cornerstone design courses based
on a required cornerstone design course at the Korea Advanced Institute of Science and Technology (KAIST). The difficulty in
measuring innovation in student design projects is discussed, the limitations of proxies for innovation such as patents and
publications are demonstrated, and the impact of national and disciplinary culture on innovation proxies is examined. The



challenges and limitations in continuing design projects after the end of the semester and for incubating technology developed
during the semester at KAIST are described and a follow-up course on innovation and entrepreneurship is proposed.
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David S. Strong 339–348 An Approach for Improving Design and Innovation Skills in Engineering
Education: The Multidisciplinary Design Stream

Engineering practice is multidisciplinary by nature. While some engineering projects may require discipline-specific specialists, the
vast majority of engineering practice is carried out either by an engineering team of mixed disciplines, or by individual engineers
who are competent across multiple fields. In both Canada and the US, engineering accreditation boards have recognized the need
for students to develop at least a modest level of competency to function in multidisciplinary teams prior to graduation.
Recognizing the growing need for enhanced design education and multidisciplinary competency for undergraduate students, in 2005
Queen’s University introduced an elective series of courses known as the Multidisciplinary Design Stream (MDS), available to
students from all engineering disciplines. The first course in the stream is offered over one term at the third year level and
incorporates a broad range of lecture topics and interactive learning activities that are further reinforced with a concurrent design
project in multidisciplinary teams of four students. The continuing course spans the final two terms at the fourth year level and
enhances students’ design, professional, and problem solving skills through their application in multidisciplinary teams on funded,
industry-sponsored projects. Every team is supervised by one or more faculty members or ‘engineers in residence’, all of whom
have significant engineering professional practice experience. The MDS has been filled to capacity since its second year of
operation. Student feedback after graduation is very positive, and client response has typically been outstanding, reinforced with a
very high rate of year over year client return. Student surveys and a design skills assessment provide significant evidence of
increased design competency.

Keywords: multidisciplinary; design; engineering education; industry project; design education; professional practice; capstone;
integrated learning; team design project

Jay R. Goldberg 349–354 Learning to Identify Unmet Needs and New Product Opportunities

Design is a non-linear process that typically begins with the identification of a problem or unmet need. Once the problem is properly
defined, customer needs can be determined, target specifications can be established, and potential design concepts can be generated.
Needs finding is essential for established companies and start-up ventures and is an important skill for engineers to possess.
In many senior capstone design courses students choose from a list of project ideas presented to them at the beginning of the

course. This provides more time to complete remaining phases of the design process, including building and testing prototypes.
However, this practice bypasses the first phase of design and prevents students from gaining experience in defining problems and
identifying unmet needs. Engineers working in industry will be involved in finding opportunities where technology can be used to
solve problems, and will work closely with marketing, sales, and other personnel to identify new product development
opportunities. They will also need to work with users of various products and technologies to identify problems and unmet needs.
Students would be better prepared for careers involving new product development if, as part of their undergraduate education, they
gained experience with the problem identification phase.
A new course for junior biomedical engineering students at Marquette University was developed in 2008 to expand their

knowledge of and experience with the problem identification phase. The course includes several active and collaborative learning
components and requires students to observe medical and surgical procedures in various clinical environments to learn how
technology is used to solve medical problems. This experience develops the student’s clinical literacy and their listening and
ethnographic observation skills. They learn how to work with medical personnel to identify problems and unmet needs. This course
allows students to experience the first phase of design and helps them develop design and entrepreneurial skills. It prepares students
for careers involving the development of innovative new products for established or start-up companies.
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Samantha R. Brunhaver, Micah Lande, 355–363 Fostering an Enterprising Learning Ecology for Engineers
Sheri D. Sheppard and J. Edward Carryer

Over the last decade, many courses have been created in the hopes of getting engineering students more excited about innovation
and entrepreneurship. While most of these courses have aimed to teach students business acumen, we believe that, under the right
circumstances, traditional engineering courses can get students excited in these topics as well. We present Mechanical Engineering
218 Smart Product Design, a graduate-level mechatronics course sequence at Stanford University, as an example of such a class. In
this paper, we explore, in detail, the personal, contextual, and interpersonal factors which comprise ME218’s enterprising learning
ecology. We also highlight some of the immediate and longer-term outcomes of the course, including gains in students’ innovation
self-confidence and entrepreneurial intentions.
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Sara L. Beckman and Michael Barry 364–373 Teaching Students Problem Framing Skills with a Storytelling Metaphor

In 1973, Horst Rittel and Melvin Webber introduced the term ‘wicked problems’ to describe problems characterized as volatile,
uncertain, complex and ambiguous. Although that description has been around for some time, it has seen resurgence in the
literature in the past few years with the increased recognition that the problems with which we grapple globally are indeed wicked.
Framing of the problem is often the most difficult and important element of dealing with wicked problems, and yet much of our
education system focuses on solving rather than framing problems. Recent interest in ‘design thinking’ focuses on problem framing,
and provides a framework for teaching students the skills they need to do problem framing. This paper reports on an approach
used to teaching problem framing, and in particular the skills needed to effectively engage in framing: empathy, insight recognition,
thinking divergently, and learning through failure.
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Aditya Johri and Hon Jie Teo 374–380 Assessing the Effectiveness of Open Organizing as a Model for
Re-designing Design Learning

In this paper we assess the appropriateness of open organizing as a model for re-designing design education. First, we review prior
work on open organizing, particularly open innovation, to understand what makes these approaches novel and successful. Next, we
draw on empirical findings from field studies of open source software projects that leverage open innovation principles and outline
the advantages that accrue from interacting with external communities and participants, thereby increasing the authenticity of
projects, and of making the design task the cornerstone of the learning activity—as opposed to structuring learning around a
person. Finally, we synthesize lessons for creating open design experiences and offer suggestions that are equally applicable to in-
class undergraduate design projects and to informal design projects undertaken by students.

Keywords: open innovation; design education; authentic learning

Dirk Schaefer, Jitesh H. Panchal, 381–396 Educating Engineers for the Near Tomorrow
J. Lane Thames, Sammy Haroon and
Farrokh Mistree

In this paper, we present an educational approach to facilitate Learning how to Learn, that is, to equip our students with
competencies needed to become lifelong learners and succeed in the job market of the near tomorrow. Our approach is anchored in



educational and instructional theory and closely tied to current professional practice. The approach is implemented in a graduate
level engineering design course that is offered in a distributed collaborative distance learning setting.

Keywords: design education; distance learning; personalized learning; cooperative learning; competency-based learning; learning how
to learn; sharing to gain, mass collaboration; crowd sourcing; globalization

Christopher L. Magee, Pey Kin Leong, 397–406 Beyond R&D: What Design adds to a Modern Research University
Chen Jin, Jianxi Luo and Daniel D. Frey

The government of Singapore is launching a new university, the Singapore University of Technology and Design (SUTD), that is
scheduled to take in its first freshman class in April, 2012. SUTD, in collaboration with MIT and Zhejiang University, is striving
to establish a 21st century innovation paradigm that recognizes the synergy between innovation and design. Many aspects of such
an exciting development are of interest to engineering educators and particularly to design educators and two are covered in this
paper. One challenge addressed in this paper is the possibility for conflicting agendas between design-centric education and the goal
of becoming a leading research-intensive university. An overview of research intended to address this conflict—that of the
International Design Center that is jointly part of MIT and SUTD—is given. It is argued that, rather than conflicting, design-
centric education and research-intensity are synergistic for a 21st century university. The second challenge discussed in some depth
is the setting of ‘culture’ for the new institution that encourages bold attempts to improve the world through technical innovation
(‘innovation culture’) with breadth in national cultures (‘global culture’) bridging from Western to Asian perspectives. Relative to
the latter item, a central feature is the ‘Eastern Cultural’ curriculum items being developed by a second SUTD partner university—
Zhejiang University (Hangzhou, China). The breadth of national cultures and a wide academic disciplinary base as part of the
education process are postulated to be enablers for developing a strong 21st century innovation-leadership-culture for the modern
research university.
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Ulrik Jørgensen and Andrés Valderrama 407–415 Entrepreneurship and Response Strategies to Challenges in Engineering
and Design Education

Entrepreneurship is one of the contemporary expectations to engineers and their training at engineering schools. But what is
entrepreneurship? We propose three different conceptualizations of entrepreneurship in engineering and design programs. They are:
(1) the technology-driven promotion response centered in technological development; (2) the business selection response strategy
centered in business skills (which should be additional to the technical skills); and (3) the design intervention response strategy
focused on a network approach to technology, business and society. These conceptualizations are response strategies from
engineering communities, professors and institutions to perceived challenges. We argue that all engineering educators deal in one
way or another with the three response strategies when approaching issues of curricular design, academic reform and the
international accreditation of programs. To illustrate our argument, we present the three response strategies as they are found at
the Technical University of Denmark (DTU). We also discuss the different perceptions of the role of engineering knowledge they
entail. One radical response is found in the case of the DTU program, Design and Innovation. This was conceived as a deliberate
attempt to constitute the third response strategy as an alternative to the first, which we argue is the dominant strategy in
engineering programs around the world.

Keywords: entrepreneurship; response strategies; engineering design; DTU’s D&I program

Jay McCormack, Steve Beyerlein, 416–424 Contextualizing Professionalism in Capstone Projects Using the IDEALS
Denny Davis, Michael Trevisan, Professional Responsibility Assessment
Jennifer Lebeau, Howard Davis,
Susannah Howe, Patricia Brackin,
Phillip Thompson, Robert Gerlick,
M. Javed Khan and Paul Leiffer

Professionalism, which includes engineering ethics, is recognized as a valued topic in industry and education but it is difficult to
teach and assess. This paper presents a web-based professional responsibility instrument and accompanying rubric, which is used to
assess student understanding and skill in analyzing areas of strength and opportunity surrounding a professional responsibility issue
associated with the student’s design project. Students completing the assessment most frequently rated work competence as both
highly important and an area of team strength while issues of sustainability were least frequently cited. The scored results of this
assessment revealed that students were moderately effective at relating issues of professional responsibility to situations within their
projects as well as addressing them in a responsible manner. In a post-assessment survey, students and faculty rated the assessment
as somewhat accurate to mostly accurate. An inter-rater agreement study of the assessment showed that scorers were on average
within one level of difference on the scoring rubric 97% of the time. Results of administering the assessment in a capstone course
can be easily packaged and presented as part of a program accreditation self-study.
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Nathalie Duval-Couetil, Teri Reed-Rhoads 425–435 Engineering Students and Entrepreneurship Education: Involvement,
and Shiva Haghighi Attitudes and Outcomes

Changes in the economy and workforce needs have driven many engineering schools to consider offering entrepreneurship
education to their students. Although entrepreneurship education is believed to be complementary to an engineering education,
little is known about the degree to which it plays a role in contemporary students’ academic programs. The purpose of this study
was to explore a broad array of attitudes toward and outcomes of entrepreneurship education on engineering students in order to
understand the characteristics of students participating in related courses and activities, the nature and extent of their involvement,
entrepreneurship’s role in their career plans, and its impact on entrepreneurial self-efficacy. Survey data were collected from 501
engineering students enrolled in senior-level capstone design courses at three institutions with established entrepreneurship
programs. The study found that while two-thirds or more of engineering students intended to work for medium or large size
companies after graduation, a similar number felt that entrepreneurship education could broaden their career prospects and
choices. Less than one third of those surveyed felt that entrepreneurship was being addressed within their engineering programs or
by engineering faculty. Students who had taken one or more entrepreneurship courses showed significantly higher levels of
entrepreneurial self-efficacy on a number of measures. Students in certain engineering disciplines such as electrical and mechanical
engineering were found to participate in entrepreneurship education at higher rates than others. The results of this study provide
valuable baseline data that can be useful for program development and evaluation.
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Ken Yasuhara, Micah Lande, 436–447 Educating Engineering Entrepreneurs: A Multi-Institution Analysis
Helen L. Chen, Sheri D. Sheppard
and Cynthia J. Atman

Engineering entrepreneurship demands a broad range of skills and knowledge, extending far beyond technical expertise in an
engineering domain. Motivation and proactive behavior, professional skills (e.g., communication, leadership, business), and
creativity in problem solving are among the attributes linked with successful entrepreneurship. An extension of the Center for the
Advancement of Engineering Education’s Academic Pathways Study, this survey- and interview-based study of engineering
undergraduates examines the potential of extracurricular activities to help students develop these entrepreneurial attributes.



Quantitative analyses show positive relationships between entrepreneurial attributes and involvement in engineering and non-
engineering extracurricular activities. Preliminary interview analyses illustrate how these activities foster entrepreneurial attributes
and contribute to students’ engineering education experiences, in general.

Keywords: entrepreneurship; undergraduate engineering education; extracurricular activities

Juan Garcia, Joe Sinfield, Aman Yadav 448–457 Learning Through Entrepreneurially Oriented Case-Based Instruction
and Robin Adams

As an increasing number and proportion of engineers engage in endeavors that involve technical, socio-economic, and cultural
complexity, there is likely an increased need for broader skill sets than those honed in typical engineering coursework. In particular,
much of engineering education is focused on developing problem-solving skills in situations for which there is an accepted problem-
solving paradigm. However, when novel problems arise and a prevailing paradigm ceases to work properly, these problem-solving
skills are likely to be ineffective, resulting in inconclusive or flawed results. Future engineers must therefore learn to identify when
the prevailing paradigm is flawed and successfully manage such situations in order to solve problems for which no readily available
solution exists. To help engineering students develop such skills, educators should likely provide educational experiences that
motivate students at both a cognitive and meta-cognitive level and allow students to recognize potentially flawed paradigms so they
can tackle ambiguous and ill-structured problems. In many ways, the skills required for this type of problem-solving parallel the
attributes of another class of professionals—entrepreneurs, as entrepreneurs routinely seek to break with accepted norms and
pioneer new approaches to problems they observe in their environment. With this analogy in mind, this paper presents results from
the implementation of an entrepreneurially oriented case study as a means to enhance engineering student attitudes and
perspectives on problem-solving and learning.

Keywords: case-based reasoning; engineering education; problem-solving; ill-structured problems; engineering entrepreneurship

Z. Maria Oden, Marcia K. O’Malley, 458–462 Outcomes of Recent Efforts at Rice University to Incorporate
Gary Woods, Thomas Kraft and Entrepreneurship Concepts into Interdisciplinary Capstone Design
Brad Burke

Many engineering departments use the capstone engineering design experience to introduce students to additional skills that will be
required of them in professional practice. Two skills that can help young engineers are the ability to work in interdisciplinary teams
and a good understanding of the business implications of their work. Young engineers entering an industry job are likely to be
immediately placed into a division or team that is comprised of people from a wide variety of educational backgrounds, including
other engineering disciplines and, depending on the industry, individuals with business, marketing, public relations, policy or
science backgrounds. While students often leave their undergraduate education with a firm grasp on the fundamentals of
engineering, they often have not been trained to consider the business aspects of their work. This paper describes the efforts and
early outcomes at Rice University to incorporate entrepreneurship concepts into our interdisciplinary capstone design program.
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Shanna R. Daly, James L. Christian, 463–473 Assessing Design Heuristics for Idea Generation in an Introductory
Seda Yilmaz, Colleen M. Seifert Engineering Course
and Richard Gonzalez

Design Heuristics are prompts that encourage design space exploration during concept generation. Design Heuristics were
developed by analyzing trends in innovative products and patterns in ideation by engineering and industrial designers of varying
experience levels. In this study, 48 freshmen engineering students were given a short design task and a set of twelve Design
Heuristics Cards. Each card described a heuristic, and gave two examples of its application in a product. Students were asked to
create new design concepts using the heuristics. The results showed that the concepts created without Design Heuristics were less
developed, and were often replications of known ideas or minor changes to existing products. However, concepts created using
Design Heuristics resulted in more developed, creative designs. Students often applied the same heuristic in multiple ways,
supporting our premise that the heuristics lead to exploring multiple solutions. The results also showed that some students readily
applied the heuristics, while others struggled to understand how to apply them.

Keywords: Design Heuristics; concept generation; design pedagogy

Arlindo Silva and Luis Faria 474–483 Two Approaches to Design Teaching in a Mechanical Engineering
Curriculum

Different approaches to design teaching in a Mechanical Engineering curriculum should coexist in order to highlight different
aspects in engineering design. Two examples are given, one emphasizing product development and the other engineering analysis.

Keywords: engineering design; engineering analysis; entrepreneurship; product development; structural mechanics

Lora Oehlberg, Ian Leighton, 484–491 Teaching Human-Centered Design Innovation across Engineering,
Alice Agogino and Björn Hartmann Humanities and Social Sciences

Tomorrow’s engineers must be able to work effectively in multidisciplinary teams. In response to this challenge, universities are
broadening engineering design curricula. This paper describes two educational programs at the University of California, Berkeley,
that engage undergraduates from multiple disciplines in design education: 1. {design.}, a student-initiated course on the basic
human-centered design process and philosophy; and 2. the Human-Centered Design Course Thread, a certificate program in which
students take multiple courses across departments that are thematically linked to human-centered design. We present the
organization and management of these programs along with descriptive statistics on student participation. We also explore the
impacts these programs have had on participating students’ multidisciplinary design education, particularly: pursuing design as a
career, participating in the multidisciplinary design community, and broadening perspectives of design.

Keywords: design; human-centered design; design education

Wm. Michael Butler, Janis P. Terpenny, 492–500 Improving the Aerospace Capstone Design Experience Through Simulation
Richard M. Goff, Rajkumar S. Pant Based Learning
and Heidi M. Steinhauer

A key role of universities is to prepare students to work in their chosen profession upon completion of their degree program.
Engineering capstone design courses are often the only required courses that challenge students to draw on nearly all of the
students’ previous collegiate learning experiences and to synthesize and apply these to creating a new solution to an engineering
problem. Aside from internship and co-op experiences, these are often the first courses that expose engineering students to some of
the technical and political issues that they will often face in their professional engineering careers. Industry often looks at these
design experiences in addition to work experience when evaluating new graduates. While beneficial, there remains a perceived
disconnect between what academia is producing and what industry is seeking. Industry is seeking ‘engineers’ who are well versed in
the application of science to problem solving whereas academia is producing ‘engineer scientists’ who are well versed in the science,
but lacking in the application of knowledge gained through experience. While some context-based learning opportunities are
emerging much earlier in the engineering curriculum, the needs and means to provide such experiences remain limited. This paper
discusses a pilot study that was conducted during the first term of a two term capstone design class in aerospace engineering
aircraft design at Virginia Tech. The study explored the educational impact of utilizing realism and simulation to introduce the
aircraft design process with the aim of determining if such an approach could help remedy the academia/industry disconnect and at



the same time make for an engaging design experience for the students. Results indicate that the use of simulation was welcomed
by the participants of the study and can help prepare students to think as working design professionals, not limited by the generic
design solutions often found in academic de-contextualized design problems.
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Aaron Altman, Clive L. Dym, Ray Hurwitz 501–511 The Key Ideas of MDW VIII: A Summary
and John W. Wesner

This paper summarizes and highlights the presentations and discussions that took place during Mudd Design Workshop VIII,
‘Design Education: Innovation and Entrepreneurship,’ at Harvey Mudd College. This paper also describes both the key ideas that
emerged from the presentations and discussions of the participating engineering design educators, practitioners and researchers, and
the methodology used to capture and retain those ideas. Additionally, this paper proposes a framework of design competencies that
were created and evolved by the workshop’s participants as a response to a question posed at one of the workshop sessions: ‘What
are the minimum design competencies students should learn from our programs?’

Keywords: design education; innovation; entrepreneurship
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