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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.
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1. Introduction

Many reports emphasize the increasingly multi-
disciplinary nature of engineers’ work, and the
need for universities to train engineers to work
effectively with individuals in other disciplines
(e.g., [1-3]). Industry demands engineers who are
experienced in collaborating with other fields; inno-
vation is often sparked by the intersection of multi-
ple disciplines [4, 5].

To meet this need, some academic institutions
have integrated multidisciplinary design into the
engineering undergraduate curricula. For example,
Howard University has implemented a multidisci-
plinary initiative in the Mechanical Engineering
department’s capstone course, drawing together
faculty and students from mechanical engineering,
marketing, and fine arts [6, 7]. Purdue’s Engineering
Projects in Community Service (EPICS) program is
also built on multidisciplinary student teams [8, 9].
The University of Michigan currently offers a minor
in Multi-disciplinary Design for undergraduate
engineering students [10], which requires that stu-
dents participate in peer mentoring for leadership
and complete both multi-term projects and a cor-
nerstone design course. Rowan University’s Engi-
neering Clinics encourages multidisciplinary
engineering teams work together throughout the
curriculum [11], particularly focusing on engineer-
ing design and communication during the sopho-
more year [12].
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Many graduate programs have project-based
courses with teams of students from engineering,
product design, and business administration that
collaborate on product development projects.
Examples of these programs include the University
of California (UC) at Berkeley’s New Product
Development course with the California College
of Arts [13], MIT’s joint program with the Rhode
Island School of Design (RISD) [14], and Carnegie
Mellon University’s Integrated Product Develop-
ment course [15]. A previous study evaluating the
UC Berkeley course found that alumni from their
graduate course found these learning experiences in
multidisciplinary teams quite valuable to their later
careers in industry [16].

Although these programs integrate engineering,
business and industrial design, there are fewer exam-
ples that additionally include the humanities and
social sciences. Human-centered design can particu-
larly benefit from the critical perspectives and
research methodologies that humanities and social
science students bring. It is possible that these pro-
grams are rare because it is difficult to advertise and
draw studentsto such opportunities, or toincentivize
faculty to collaborate across seemingly distant dis-
ciplinary boundaries. This paper describes two
recent efforts at UC Berkeley to engage these varied
disciplines in our undergraduate design education:

o {design.}, a student-initiated course on human-
centered design process and philosophy.

* Accepted 20 August 2011.
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e Human-Centered Design Course Thread, an
undergraduate certificate program that links
courses connected to the theme of human-cen-
tered design, administered through the Townsend
Center of the Humanities.

This paper explores the impact of these multidisci-
plinary design programs at UC Berkeley that
include a wide range of disciplines—not only engi-
neering, business and industrial design, but also the
humanities and social sciences—in innovation edu-
cation. We examine each program’s benefit to
students’ learning through evaluation surveys and
student interviews. We also highlight three themes
that emerged from our surveys and interviews:
pursuing design as a career, participating in the
multidisciplinary design community, and broaden-
ing perspectives of design. Finally, we reflect on how
engineering and non-engineering students and
faculty collectively contribute to the students’
understanding of design innovation.

2. Case study: ‘{design.}’, a student-
initiated course

{design.} is a student-initiated course offered
through the Democratic Education at Cal (DeCal)
program [17]. DeCal offers pass/no-pass courses
that are student facilitated and faculty sponsored;
student facilitators handle the day-to-day opera-
tions of the course, and faculty members sponsor
the course and provide oversight. {design.} is spon-
sored by one of the faculty co-authors and facili-
tated by engineering and non-engineering members
of Berkeley Innovation, a student human-centered
design club at UC Berkeley.

Berkeley Innovation was founded in 2003 and is
composed primarily of undergraduate students,
coming from a wide range of disciplines, including
Mechanical Engineering, Computer Science, Inte-
grative Biology, Business, Architecture, English,
and Rhetoric. While the club primarily focuses on
extra-curricular design projects, members of Berke-
ley Innovation initiated the {design.} course in Fall
2009 to train and recruit potential new members of
the club. It has been offered for four consecutive
semesters since then.

Two primary learning goals of the course are to
teach students about 1) human-centered design
principles and philosophy, and 2) the role of
human-centered design in the development of pro-
ducts, buildings, software, and services. Comple-
mentary goals are to increase visibility of the
human-centered design community at UC Berkeley
and encourage a wider range of students to partici-
pate in activities like Berkeley Innovation. The
course introduces students to ideas from leading
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Fig. 1. Photograph of the {design.} DeCal, during an in-class
prototyping activity.

experts in design outside of Berkeley by including
articles from Ambidextrous Magazine [18] and
online videos from the Technology Entertainment
Design or ‘TED’ conferences [19].

{design.} is intended to be broadly accessible and
not time intensive, yet still giving a complete over-
view of human-centered design. The course meets
once a week for two hours. Students earn two units,
which do not count towards degree requirements.
Weekly topics of discussion include: the role of
design and designers, ‘good’ design, design process,
critical design skills (sketching, prototyping, brain-
storming), failure and ambiguity, the changing
nature of design, sustainability, and humanitarian
design. Along with in-class activities (Fig. 1), stu-
dents also complete two short, four- and six-week
design projects. The first project is completed in
groups on a given topic or theme, while the second
project is completed individually or in teams, on a
topic of the students’ choice. The first project
usually results in a low-fidelity prototype of the
idea, where students communicate their fundamen-
tal concept without too much investment in devel-
opment [20]. The second project additionally
focuses on user testing and refinement of the proto-
type. Both projects are done with guidance from the
facilitators, with more structured deliverables for
the first.

Table 1 lists the demographic makeup of the
course over the past four semesters. Given the
small number of women in engineering and indus-
trial design (usually under 25%), of particular inter-
est is the high number of women taking the course:
near or over 50% in all semesters.

3. Impact: ‘{design.}’, a student-initiated
course

To assess the impact of the {design.} DeCal course,
the instructors conducted surveys at the beginning,
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Table 1. Enrollment demographics of the {design.} DeCal (Fall 2009-Spring 2011).

Fall 2009 Spring 2010 Fall 2010 Spring 2011
All Students 28 24 39 30
Undergraduates 25 23 38 29
Freshman 6 6 17 8
Sophomore 2 7 5 7
Junior 10 2 7 4
Senior 7 8 9 10
Graduate 3 1 1 1
Male 12 13 20 8
Female 16 11 19 22
College of Engineering 8 7 9 7
College of Environmental Design 4 4 3 2
College of Letters & Sciences 12 10 22 21
Other School/College 4 3 5 0

middle, and end of the semester asking students to
evaluate the course effectiveness and reflect on their
perspectives on design. The surveys included ques-
tions on students’ learning expectations, why they
were interested in the course, how they would
describe the course to a friend, who they would
recommend it to, advice they would give to students
considering taking the course, and planned involve-
ment with design in the future. By applying a
qualitative thematic coding to the open-ended com-
ments students left in the final surveys from Fall
2009—Spring 2011, we found three prominent
themes as benefits of the course: learning more
about how to pursue design as a career; participat-
ing in the multidisciplinary design community at
UC Berkeley; and broadening students’ initial per-
spectives of design.

3.1 Pursuing design as a career

The most prominent value attributed to {design.}
was that it taught students about different domains
of design that they had not previously considered.
Of the 50 students who took the final course survey
between Fall 2009 and Fall 2010, 14 mentioned
career aspirations, often in response to the question
‘Do you plan on pursuing design beyond this
course?’.

1learned alot about how the design process works and the
different theories behind design. I also became more
aware of the different job markets that are open to
designers and became informed of how to better present
myself as a designer. (Female, Junior, Architecture,
College of Environmental Design)

Others identified how the human-centered design
approach might apply to their particular discipline.

I really enjoyed learning about the design process. Even
though the course seemed to be focused on product
design, the design process applies to a much more diverse
set of fields. I honestly think that I will be using some of
these techniques in my work as a computer scientist.

(Male, Junior, Electrical Engineering and Computer
Science, College of Engineering)

3.2 Participating in the multidisciplinary design
community

While learning about design theory and the design
process was important, students also valued the
opportunity to become more familiar with their
local design community. Of the 50 students who
took the final survey between Fall 2009 and Fall
2010, eight specifically mentioned the benefits of
being part of a broader design community in their
comments.

I got a general feel for the design process, and I think
more importantly learned about the design community at
Berkeley. (Male, Freshman, College of Natural
Resources)

The course also led students to seek further educa-
tion in design. When asked ‘Do you plan on pursu-
ing design beyond this DeCal’, one student
responded:

Yes, I'm in Berkeley Innovation, I am working as a user
interface designer on a research team called [ Research
Project Name]. And I am a web interface designer in
Innovative Design [graphic design student club]. I am
also signed up for the design course thread and plan on
doing anything else that I can find that has to do with
design. (Male, Freshman, Electrical Engineering &
Computer Science, College of Engineering)

This student’s enthusiasm not only drew him to the
{design.} DeCal, but also other avenues for design
available to him on campus. In taking this course,
students were not only introduced to Berkeley
Innovation, but other disciplines that include design.

3.3 Broadening perspectives of design

Ultimately, the goal of the course was to teach
students about the larger world of human-centered
design. Students mentioned that they had gained a
new sense of what design was and also highlighted
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the value of working with a diverse range of
students.
Definitely an introduction and exposure to the design
process and different styles and paradigms that designers

work with. (Male, Freshman, Electrical Engineering &
Computer Science, College of Engineering)

I learned about the design process and how important it is
to consider the user throughout the entire process. I
expanded on my idea of what design was and learned
what human-centered design is about. (Female, Fresh-
man, Electrical Engineering & Computer Science,
College Of Engineering)

In some cases, {design.} challenged students’
assumptions on what is valued in a design processes.
Ifeel like I learned a lot in this class. There’s way more to
designing than just having a solution or invention right

away! (Female, Freshman, Economics, College of
Letters & Sciences)

This also included introducing students who had a

disciplinary perspective of design to new ways of

thinking about design from a broader perspective.
A bigger picture of ‘design’, as I initially understood only

in architecture context. (Male, Junior, Architecture,
College of Environmental Design)

That said, students from disciplines that do not

necessarily teach design also found a benefit in

learning about creativity and the design process.
Even if you're not an engineer or architect, there’s still
much you can learn from this DeCal that you can apply to
everyday life. This DeCal has definitely improved my
problem solving skills by helping me think out of the box
for creative solutions. (Female, Junior, Integrative
Biology, College of Letters & Sciences).

4. Case study: human-centered design
course thread

Partially motivated by the early success of
{design.}, the ‘Course Thread’ in Human-Centered
Design formalizes participation in multidisciplinary
education. Course Threads are certificate programs
that enable students to focus on exploring themes
that connect courses in different disciplines across
the university. The program is administered by the
Townsend Center for the Humanities [21]. The
Human-Centered Design Course Thread started in
the Fall 2010 semester; five other Threads currently
exist. Course Threads, by design, focus on connect-
ing already established courses:

Without creating new majors or minors, the program

instead highlights connections between existing courses.

Course Threads help students see the value in educational

breadth while also pursuing a more in-depth and well-
rounded knowledge on one particular topic [21].

The Human-Centered Design (HCD) Course
Thread is similar to an interdisciplinary minor,
enabling students to receive recognition for taking

Table 2. Academic Standing and Expected Graduation Term, as
of students’ initial enrollment in the HCD Course Thread
program.

Academic Standing Expected Graduation Term
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Seniors
Juniors
Sophomores
Freshmen

Spring 2010
Fall 2010
Spring 2011
Fall 2012
Spring 2012
Summer 2012
Fall 2012
Spring 2013
Fall 2013
Spring 2014

NOWUNO— 0NN~ —

courses across disciplines relevant to human-cen-
tered design. Students are required to take three
courses from a set list created by faculty member
sponsors. To receive their certificate, students must
also participate in a symposium and discuss how the
courses they took relate to the HCD Course Thread
theme. While the Course Thread is not listed on the
official university transcripts, students can list the
certificate on their resume.

This section reports enrollment statistics from the
HCD Course Thread, as well as interviews with
students working towards certificates. Twenty-
nine UC Berkeley undergraduates are currently
enrolled in the program. The gender of the partici-
pants in the HCD Course Thread is relatively evenly
split (13 men, 15 women). As the program is new,
only one student has completed the requirements
thus far; three additional students are expected to
finish in May 2011.

Table 2 shows the distribution of the academic
standing and expected graduation term of students
enrolled in the course thread program, as reported
when the student first enrolled. While the Townsend
Center for the Humanities advertises the Course
Threads to all students, they focus on targeting first-
and second-year students, as younger students will
have more time to shape their course selections
based on their Course Thread. However, after the
launch many juniors and seniors interested in design
also signed up for the Course Thread. We hypothe-
size that these students found that they had already
completed many of the course requirements before
the Course Thread program was first offered. Their
enrollment provides some support that the list of
courses chosen by faculty matches courses chosen
by students who independently sought an interdis-
ciplinary design education.

Table 3 shows the distribution of disciplines
represented in the course thread. Five students
have elected to track the courses they have taken
on the HCD Course Thread web site. These courses
(from among the broader list of courses) are also
listed in Table 3. While the Course Thread program
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Table 3. Majors of Course Thread Enrollees and Example HCD Course Thread Courses

Majors of Human-Centered Design Course Thread Enrollees

Example Human-Centered Design Course Thread Courses

Engineering (10)
Mechanical Engineering (7)
Electrical Engineering & Computer Science (2)
Industrial Engineering & Operations Research
Business Administration
Letters & Sciences (19)
Computer Science (3)
Cognitive Science (3)
Molecular & Cell Biology
Humanities (12)
English
Philosophy
Psychology
Social Welfare
American Studies
Urban Studies
Anthropology
Economics
German
Media Studies (3)
Interdisciplinary Studies
Environmental Economics & Policy

Art Practice

Cognitive Science
Computer Science
Education

Environmental
Design

History of Art

Interdepartmental
Studies

Mechanical
Engineering

Psychology
Sociology

Foundations of American Cyber-Culture
Game Design Methods
Special Topics in New Media

The Mind and Language
User Interface Design and Development
Introduction to Cognitive Science

Introduction to Architectural Design Theory
and Criticism

Reading and Writing about Visual Experience

Information Technology and Society

Introduction to New Product Development

Computational Modes of Cognition

Introduction to Sociological Methods

is run out by a center in the Humanities, a large
number of students participating in the HCD
Course Thread come from the College of Engineer-
ing. The courses listed in the thread connect across
the College of Engineering, College of Letters &
Sciences, and the College of Environmental Design.

5. Impact: human-centered design course
thread

As the HCD Course Thread is a relatively new
program, we have limited evaluation data. We
interviewed four students: one male senior majoring
in Computer Science, one female junior double-
majoring in Cognitive Science and Computer
Science, one female freshman majoring in Electrical
Engineering and Computer Science, and one male
freshman double-majoring in Cognitive Science and
Computer Science. We additionally contacted some
faculty members who teach HCD Course Thread
courses for their perspective on the addition of
Course Thread students. These interviews brought
to light several of the student benefits of the HCD
Course Thread: augmenting education with inter-
est-relevant courses; participating in the multidisci-
plinary design community; supporting design career
ambitions; and learning to design from a multi-
disciplinary perspective.

5.1 Pursuing design as a career

Interviewees regarded the Course Thread as parti-
cularly useful for their long-term professional ambi-
tions. All of the students we interviewed planned on
listing the completion of the Course Thread certifi-
cate on their resume. They also considered the

Course Thread as more relevant to a career path
in design than other courses:

... Ifeel like the Course Thread classes are actually more
pertinent to what I want to be doing when I graduate,
what I hope to be doing. Whereas [ Cognitive Science],
[ Computer Science], they’re kind of abstractly applic-
able, but I mean, I do Computer Science because it’s a
good thing to know, and like [ Cognitive Science ] is kind
of the closest thing you get [to design] at Berkeley. But
the Course Threads, the classes there are the ones that
pertain the most to what I want to be doing, I just want to
take as many as possible. (Male, Freshman, Cognitive
Science & Computer Science)

Despite the recognition through the certificate,
many of the students interviewed expressed concern
that the Course Thread program would not be taken
seriously due to a lack of rigor—only requiring three
courses as opposed to the more extensive require-
ments of pursuing a full minor (typically 5 courses).

5.2 Participating in the multidisciplinary design
community

HCD Course Thread students noted that they
benefitted from the opportunity to meet with
others who shared similar interests in human-
centered design but came from other disciplinary
backgrounds. When asked about the benefits of the
HCD Course Thread program, one student stated:

. also, just meeting other people who are doing the
course thread, and other people from different majors
doing these courses that are in the Human-Centered
Design thread. (Female, Junior, Cognitive Science &
Computer Science)

Many of the students’ suggestions to improve the
Course Thread program included leveraging social
networking platforms, such as Facebook—enabling



Teaching Human-Centered Design Innovation across Engineering, Humanities and Social Sciences 489

Course Thread students to recommend the program
to their friends, find out who they knew who was
also in the Course Thread program, and have a
forum to discuss the human-centered design theme.

5.3 Broadening perspectives of design

Another benefit for the students currently enrolled
in the Course Thread is the ability to find other
relevant courses.

Well, I've gotten more exposure to other classes I'm
interested in. So, even though I've completed all the
course thread requirements I'll probably look at some
of the other ones in the Human-Centered Design thread
for my senior year. Because I'm always looking for fun
classes to take, and it’s hard to find through [the
university course scheduling website ]. (Female, Junior,
Cognitive Science & Computer Science)

The students also liked the idea of having more
guidance beyond the Course Thread list: highlight-
ing sub-themes within the Course Thread, or having
students who have completed the course thread help
make recommendations on which classes go parti-
cularly well together.

By exposing students to other disciplines’ per-
spectives of design, students have a broader appre-
ciation of others’ viewpoints and can further refine
their own perspective of design. One student con-
sidered how his understanding of the topic of
human-centered design had changed:

From an engineer’s standpoint, it’s easy to design a

project around the capabilities of one’s set of tools. My

courses in human centered design taught me that the
primary factor of design is the needs of the people using
the project. This was the lesson that I learned in day one,
and everything after that was either learning or practi-

cing formal methodologies of this philosophy. (Male,
Senior, Computer Science)

Ultimately, the Course Thread allows students to
extend their expertise beyond their disciplinary and
apply these broader skills to a multidisciplinary
team. One student reflected on this as the most
valuable aspect of his participation in the Course
Thread program:

I believe that my experiences in the course thread
program have given me a competitive advantage as a
working software engineer. IDEO’s CEO Tim Brown
has described an individual with expertise and breadth as
a t-shaped individual, where the top of the T is a wide base
of topics they are familiar with, and the line running down
the T is the depth of their experience in a specialized
subject. The course thread program has widened my
perspectives in understanding how people interact with
the things I make at work. It augmented my education by
providing the top of the T in my shape. (Male, Senior,
Computer Science)

Faculty involved in the HCD Course Thread pro-
gram also see the value of improving the pedagogy
of the course for their mainstream students as well.
Both engineering and humanities faculty value the

diverse disciplinary expertise that students in the
HCD Course Thread bring to class discussions and
team projects. One faculty member in Art Practice
summarizes the perspective of a non-engineering
faculty member.
In humanities classes with high-tech projects, engineer-
ing students are sharing their expertise and confidence in
programming with humanities students who share their
expertise and confidence in creative authorship and
design. They have more mutual respect for each other
than one might think, given how separate their respective
academic cultures sometimes pretend to be. The respect
is a direct function of instructors telling students that
both sets of skills are required to achieve course goals,
and, by extension, societal goals of creating cultures and
technologies that benefit all participants. It also helps to
show how science has as much in common with art and
engineering has more in common with design than art
with design and science with engineering.

By offering a simple incentive for students who are
interested in design to take courses that fit along this
theme, the Course Thread enables students to
express their interest more fully, explore career
options, and join the multidisciplinary design com-
munity on campus. The program provides just
enough structure for students to further their educa-
tion on their own, augmenting their disciplinary
expertise with an appreciation for how multiple
disciplines might apply to the design domain.

6. Conclusion

These two case studies illustrate two examples of
ways that educators can engage multiple disciplines
in undergraduate design education. Multidisciplin-
ary design education allows students to interact
with each other, both professionally and socially,
and become more familiar with other disciplines’
ways of thinking about design. We found three main
benefits of offering multidisciplinary design oppor-
tunities to our students:

e Learning about pursuing design as a career. Stu-
dents have an opportunity to learn more about
careers in design that build upon their disciplin-
ary expertise. Even if the student does not choose
a design-oriented career, they can still begin to
think about how to apply design process and
design practice to their future professions.

o Participating in the multidisciplinary design com-
munity. By becoming involved in student-
initiated courses or certificate programs, students
can actively engage in the multidisciplinary con-
versation about design on campus and in the
community.

¢ Broadening perspectives of design. While students
are taking courses in their major to gain a depth of
expertise in a given discipline, multidisciplinary
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