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ABSTRACT

Evidence suggests that transformational innovaticturs
at the intersection of multiple disciplines rattthan isolated
within them. Design—being both pervasive and irhdy
interdisciplinary—has the power to transcend maisgiglines
and help break down the departmental “silos” thatér such
collaborative efforts. Many universities are natnuggling to
embrace the curricular innovations that are necgssachieve
and sustain interdisciplinary education. Given tiesady
packed undergraduate engineering curricula, seuaraérsities
have started to offer new design programs that seaeral
disciplines at the masters and doctoral levelsthig paper, we
examine the five interdisciplinary graduate desmoegrams
offered by three different universities—UniversitiyMichigan,
Northwestern University, and Stanford University-aitthosted
the NSF Design Workshop Series in 2008-2009. Ciely,
these programs represent “solutions” that span réetyaof
graduate degree offerings that are available anovige
examples of ways to successfully navigate the &arand
hurdles to interdisciplinary design education. ekap of the
NSF Design Workshop Series is also provided alorith w
recommendations from the workshops to foster dsonsand
provide directions for future work.

1. INTRODUCTION

Innovation has been the key to America’s successfire
than a century. Evidence suggests that transfarnat
innovations often occur at the intersection of et
disciplines rather than isolated within them, ahdyt require
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input from individuals with varying backgrounds|etats, and
expertise [1]. Design—being both pervasive andeiightly
interdisciplinary—has the power to transcend midtip
disciplines and help break down the departmenti&s'sthat
hinder many such collaborative efforts. As in mamjustries,
universities are now facing similar challenges, anany are
struggling to embrace the curricular innovationstthare
necessary for interdisciplinary education, partcyl in
engineering classrooms that must accommodate nuero
requirements to receive ABET Accreditation [2].

In engineering undergraduate curricula, due indargrt to
ABET requirements, one or more courses with a desig
“experience” (e.g., a capstone course) are requigéd In
graduate curricula this approach is less successiute
structuring design courses to be “instruction irdiscipline”
rather than a “guided experience” is a major chgke Issues
arise in terms of both course content and instrucéining due
to the inherent trans-, multi-, or inter-disciplipanature of most
design activities. Nevertheless, many universitiage started
to offer design curricula that span several disogd at the
masters and doctoral levels. Courses tend to [ented
towards a narrow topic in design, following the tinstors’
research interests whereas a successful graduatgapr in
design would naturally follow a broader appreciataf design
as a discipline rather than as a mere collectiodigdiplines.
The recently launched Singapore University of Tetbgy and
Design, a partnership between MIT and the Singapore
Government, presents clear evidence of global m@tog for
the importance of design as a discipline that driveovation
and economic prosperity.
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The remainder of this report is organized as fadow
Section 2 outlines the overall organization of tbBesign
Workshop Series. Section 3 discusses the mosagpige/theme
at these workshops, namely, the barriers and cigke in
creating (and sustaining) interdisciplinary graéuadesign
programs. Section 4 summarizes “solutions” forrowming
these barriers and challenges, using the five progroffered
by the three partner universities (University of ckigan,
Northwestern University, and Stanford Universitg)exemplars
that have successfully navigated these hurdlesallzi Section
5 provides closing remarks and a summary of theaonés and
recommendations from the Design Workshop Series.

2. OVERVIEW OF THE DESIGN WORKSHOP SERIES
Following the success of the May 2008 Interdisoigly

Graduate Design Education Workshop held at NSH][3we

initiated theDesign Workshop Seriesgeking to capture, codify,

share, and propagate instructional experiencephihasophies
for teaching interdisciplinary design. The ovehaing goals of
the Design Workshop Series were to: (1) strengéxesting and
emerging interdisciplinary graduate design progragm®ss the
country, thus improving our innovation output at¢ thorkforce

level and increasing our competitive economic athgar (2)

establish a repository of knowledge that can prewdbstantive

guidance for other design programs to follow; (3pvide a

moderated forum for the design community to disctlss

challenges, successes, practices, and future idinecof these
programs, leading to broader exposure at profeabkisociety
meetings and archival publications. The long-teutcome is
to help train faculty who approach design—reseaectu
teaching—as a substantive and integrative dis@plin

The Design Workshop Series spanned one year (6a8-2

Fall 2009) and focused explicitly on interdisciplig graduate

design education. Hosting and organizing respditib

rotated between our four partner universities devis:

» The Design Science Progratdniversity of Michigan, 6-7
November 2008Focus:Design as a Discipline, URL:
http://designscience.umich.edu/designworkshop.html

e Segal Design InstitufdNorthwestern University, 16-17
April 2009, Focus: Spanning Design Boundaries, URL:
http://www.segal.northwestern.edu/designworkshop/

* 2009 NSF CMII Grantees Conferen¢talf-day Workshop,
22 June 200%0ocus:Design Research, URL:
http://www.design.psu.edu/workshops/june09.php

e Hasso Plattner Institute of DesigBtanford University, 27-
28 August 2009F-ocus:Design Instruction, URL:
http://www.stanford.edu/group/dschool/nsfdesignvebido/

The faculty team at Penn State also provided coatidin

across the four workshops. Each university hoatede-and-a-

half day workshop. The first half day was typigadpent
discussing the host’s design program(s) and toutsnigcilities.

The second full day provided an opportunity for mpe

discussion on specific graduate-design instructiotmpics

chosen to match the strengths and experience ofhtst

program. Meanwhile, a fourth half-day workshopt tleecused
specifically on design research was organized imjwwtion
with the2009 NSF CMMI Grantees Conference

All of these workshop activities were open to arg/do
apply, and NSF funding was used to provide trauppsrt for
invited participants with the goal of broadeningdlvement in
the larger design community (e.g., arts, architectbusiness,
engineering, industrial design, journalism, psyolg). Since
each workshop had applicants far in excess of @bailslots,
participants were selected to balance the repratemtof the
different disciplines. A total of 265 people aded one or
more of the workshops, including the initial workphheld at
NSF in May 2008 [3, 4]. This total includes 172ique
participants, of which 49 people (28.5%) attended or more
workshops. Additional details on each workshop can be found
at the aforementioned URLSs, and the final reporavailable
online at:http://www.design.psu.edu/workshops/

3. THE BARRIERS TO INTERDISCIPLINARY DESIGN
EDUCATION

Regardless of the workshop location or the padicip
involved, one pervasive theme was evident in edégussion:
the barriers and challenges in creating (and sus@i graduate
interdisciplinary design programs. To help synitesthe
discussions that occurred at the workshops, we gaveped
these barriers and challenges into four areastedgurces, (2)
faculty, (3) students, and (4) pedagogy/curriculurBach of
these is discussed in the remainder of this sectkoay topics
are highlighted inbold italics and consolidated at the start of
Section 4 to facilitate a discussion of ways torowee these
barriers as demonstrated by the three host uniiesi

3.1 Resource Issues

Obtaining the resources to initiate—and ultimately
sustain—a new interdisciplinary graduate desigrgam was
the first and foremost topic on everyone’s minche Timing of
the workshops could not have made this issue nmparant, as
they coincided with one of the worst economic dawms$ of the
century forcing many universities to tighten thdéiudgets.
Finding program funding (e.g., the faculty involved, classroom
space, labs) as well astudent supporthad stifled many
participants’ attempts at their home institutioasd they were
anxious to hear how existing programs had succeeded
Secondary to funding was the issue of space. difmatits had a
litany of question related to space, e.g.: Are ligcin the
program co-located? Are the students? Where arsseda
taught? Where do students meet for labs and to umbnd
research? While these questions may seem intlyitblevious,
how they are addressed will have serious implication the
culture of the resulting program, on the crossifeation
among students, on the collaboration among thdtfaetc.

! Specifically, 22 people attended two workshopsatténded three workshops,
5 attended four workshops, and 6 people attenddidelvorkshops
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The issues surrounding resources were exacerbgtéueb
fact that design (in the broadest sense) doestneeli into the
rigid structure that currently defines most Univiies—it spans
many disciplines and cuts across departmentals'siloThere
were many different perspectives on design’s plaitkin the
university, and each view manifested different lemges with
getting administrative “buy in” for interdisciplinary graduate
design programs. Participants were encouragethdgupport
shown from the senior administrators at the hostitirtions,
especially the Dean of Engineering, Dr. Julio Qtfinat
Northwestern University, an accomplished artist angineer
who was recently characterized forbesas the “prima facie
example” of the “new leader America needs more[6f’ All
agreed that design must gain the blessings of astnators in
leadership positions to navigate around the rece tapd
establish design education as a recognized andyhigharded
program. To help gain the attention of senior asiiators,

the consensus was that exemplary programs needeto b

identified, compiled, and displayed to strengthke tase for
design’s place in academia. The Design WorksheojgS$e our
first attempt to do this, leveraging the findingsrh our initial

workshop [4], which are complemented by a receniere of

interdisciplinary programs in product developmesit [

3.2 Faculty Issues

Assuming resources have been provided or obtained t

initiate a new graduate interdisciplinary desigmgram, the
next question is: who are the faculty involved? siDe (in the
broad sense) is not its own discipline and doediniot a single
department; therefore, where is tit®me department for
faculty involved with such programs? Adjunct, affiliatend
joint appointments provide some means to accomraddatilty
interests across a wide range of disciplines; hewetlis can be
very dangerous to new, untenured faculty as mangnedh
Therefore, what are the realities foenure-ability” of faculty
involved with such programs? For instance, whevetlity
publish given the trans-, multi-, and inter-disgipty nature of
their work? How is publishing outside of one’s dilidine
perceived by colleagues in that faculty’s departfferSome
even raised the question of whether such faculbulshbe on
the tenure-track versus being clinical or adjupgantments of
industry practitioners. The idea that faculty wogkin design
were “misfits” received a good deal of attentios @positive
attribute) even though it was offered rather jokmngt first.
The ensuing discussion indicated that many fadaltythat they
had “no true home” in one field or another and &tdggled to
find a place within the confines of the system.eTonsensus
was that it was important for faculty to work withiheir own
institution to resolve challenges surrounding idisciplinary
research and corresponding graduate programs.

Although it did not receive as much attention, magyeed
that faculty’s roles in such design programs diféer well.
These workshops reinforced the notion of the powér
interdisciplinary teaching teams, which echoed mezmyments
in the original NSF Workshop [4]. Participants eexposed to

this notion at the Michigan and Northwestern wodgsh and
the Stanford workshop put added weight and addition
precision as to what this means in actual practidee Stanford
workshops also brought to the fore the importarfdaauding
skilled industrial practitioners as both teacherd eesources for
student guidance and inspiration. Finally, pgoacits agreed
the nature of the training in this type of progresquires a lot
of coaching and mentoring, and individualized pcojeork.
Therefore, the faculty would serve as “champioms”dtudents
in supporting their individual endeavors. Also,npdelt that
this mentoring should occur at several levels justtamong the
faculty. For instance, Ph.D. students could hegntor M.S.
students who in turn could serve as mentors to rgnaéuates
or students in K-12 settings.

3.3 Student Issues

Once the program is established, where do the stside
come from and what will they leave with when thegdpate?
Also, it was not clear if the goal of such programas to
produce the next big name in design or a larger baunof
competent students. Consequently, there were dliaoyssions
regarding the types of students to attract andsstal teach,
where design might best fit into the current areangnt of
higher learning, and the type of graduates to predu
Identifying the target audience and determining shitable
degree(s) grantedare important when developing such a
program. Many agreed that the type of degree edfde.g.,
M.Des. vs. M.S. vs. MBA vs. Ph.D.) will heavily Inénce the
employment opportunities available for graduatestiqularly
when it comes to design [4]. Another significahtltenge is
how to attract diverse students considering sigaifi funding
disparities between graduate arts and engineeduagagion.

Pertinent to the type of degree being granted esisbue
involving breadth versus depth. The concept of Thehaped
student arose on several occasions, particulari@tanford’s
d.school. This concept represents students’ igsilin the form
of the letter T. The vertical shaft representssthelents’ depth
areas. These could be in any area, including #sgd of
objects; however, we usually think of these in termof
disciplines such as engineering, architecture, lmedicine,
business or any subspecialty thereof. The vertegglis what
traditional university education purveys. The horital bar
represents the ability to work in groups with peoplutside
one’s discipline and to think in a more holisticywhan the
traditional specialist. It is the horizontal barat a good
interdisciplinary design program can bring into tdent's
development while enabling them to gain a healdgpect for
other disciplines involved with design. For ingtancourses in
Michigan's Design Science Program are structuredtrsd
students build the horizontal bar upon the vertilzft they
acquired in their undergraduate and master's studi®any
participants felt this gave them a broader perspean their
roles and the possibilities of supporting studémtsiake strong
social contributions by using the empowerment aior by
student participation in interdisciplinary desigams.
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Finally, for Ph.D. programs in particular, thedvisor

just the ‘tip of the iceberg’ as far as learningcisncerned.

structure was cited as an important issue, making sure to Design students should be taught less and mentooee, either

represent the individual disciplines involved ire tstudents’
research (e.g., engineering and psychology andnéss).
Candidacy (qualifying) exams for such projects atgesent
unique challenges of their own given the intergibieary nature
of the work. This was particularly relevant to tfiscussions at
Michigan and its Ph.D. in Design Science, whichuisgs two
co-advisors from two different disciplines (schoter each
Ph.D. student. The consensus was that theresmgte way to
guide the discipline, neither in research directinar in
doctoral-level training, except for very broad &&s that entail
any scientific discipline. Design Science drawanfrmultiple
disciplines, but ultimately, it should also develas own
paradigms, its own body of knowledge, and its owaining

mechanisms to produce successful researchers atude fu

(design) faculty. As different Ph.D. programs &sijn emerge,
there will be different research and training medeThis was
seen as a positive direction by most participaatmrdless of
whether they agreed with the notion of “design asci@nce”
(vs. an art vs. some combination thereof).

3.4 Pedagogy/Curriculum Issues

In all of the workshops, it
interdisciplinary design is a very broad subjeataarand it
includes many different perspectives. As a restifte
curriculum architecture and core course areas vary
significantly by program, depending on the discip§ involved
within the university. Many argued the tradeoffetieen
training in formal quantitative models, qualitatiapproaches,
and other less-formal aspects of design such ashskg and
prototyping. Striking an appropriate balance betwscience
and art in design was also discussed extensivelyvere the
connotations of Design Science and Design Thinkifijg As
indicated in Table 1, the Stanford workshop waggportunity
to look at instruction as an activity in its owmght outside of
the usual association with research, and many dgtenwere
very positive about the opportunity to participate actual
Design Thinking exercises.
experiences, in terms of learning new instructicieahniques
and also as a point of departure to reflect on rmin
methodologies, points of view, and course objestiveThe
experiences invoked heated-but-friendly discussiorong the
many participants with their different viewpointsoait design.

On the positive side, there was overwhelming agezgm
among the participants that an interdisciplinargdyate design
program should emphasize project-based learnirmmwerk,
collaboration, creativity, interdisciplinarity, andystems (or
design) thinking. The experience of learning-byadois also
proving to be much more powerful than traditioredrhing by
passive listening and artificial problem sets. léarning-by-
doing a student not only learns problem solvingliski
teamwork, prototyping and presentations skills, , botost
importantly, the students learn how to use the dvad a place
to learn from, and realize that which goes on exdlassroom is

was apparent that

These provided valuable

by their teachers, senior students, or both. Tdssering of
individual growth was regarded to be extremely intgat and
would dictate higher faculty/student ratios in suclasses.
Consequently, there was consensus that the degigguah
programs should take a user-centered approach |kovd far
customization depending on the individual. The gpams
should be structured to enable students to expiaterests
through individualized studio work or independetidges in
order to develop/hone skills in their areas ofriese

4. APPROACHES FOR NAVIGATING THE BARRIERS

While the preceding discussions may appear pesa&mis
they are the reality, and for many, an excuse agprbceed,
despite this being an area of great opportunity for
transformative impact. Fortunately, we have exaspof
programs that have managed to navigate their utistital
barriers and overcome the challenges of obtairésgurces and
administrative buy-in, finding and hiring suitabifaculty,
meeting the needs of students, and developing tabdai
interdisciplinary curriculum based on their desigctivities.
The three host universities are leading the wayfaot, and
provide robust examples for others to follow asillustrate.

To facilitate the discussion and enable cross-@mogr
comparisons, we offer the “morphological matrix] ghown in
Table 1 to help design interdisciplinary graduatesign
programs. As shown in the table, each row begiits ane
“issue” highlighted in Section 3, and the remainic@umns
summarize the “solutions” that successful progréuaee used
(e.g., RA/TA support for Funding students). Weeasthat each
new interdisciplinary graduate design program witiploy one
(or more) of the solutions listed in the table inder to
overcome the barriers and challenges that are caofymo
associated with their launch (and sustainment).lé\his list is
not meant to be exhaustive, it captures the wideeaof
solutions that were offered by the host universifed the 172
unique participants involved in the Design WorksISmpies.

The following sections provide a brief overviewthé five
programs offered by the three host universitieseb$ites have
been included for more detailed information on epadgram.
Following each overview, we instantiate Table Lliltastrate
how each program “solved” its own barriers/chalkesig These
tables were developed by faculty involved with theation and
current administration of each program at the hastersities.

4.1 Design Science Program, University of Michigan
Approved in 2006, the interdisciplinary graduatesige

program at the University of Michigan offers a Philb Design
Science with 8 students enrolled for the fall seeresf 2009.
The program graduated its first Ph.D. in Decemb@f92
Described as the study of “the creation of artfaahd their
embedding in our physical, psychological, economit] social
environment” by Dr. Papalambros, the program is skdu
within the University of Michigan’s Rackham Grade&chool
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and is supported by faculty from several differdapartments
in the Schools of Art and Design, Business Admiaisin,

Psychology, and Engineering. Since faculty are hioéd

directly as Design Science professors, this progexmibits

many of the challenges described in Section 3tham faculty
interest drives any affiliation with the Design &uie program
and time spent with the program must be delicaballanced
with the promotion and tenure requirements of alfgs home
department. However, some of the interdisciplinzayriers are
mitigated by the unique structure of the universithere the

in Table 2. To learn more about the Design Scigmogram,
visit: http://designscience.umich.edu/

4.2 Segal Design Institute, Northwestern University

The Segal Design Institute at Northwestern Uniggrsi
offers undergraduate design courses and certificate
engineering design but does not grant undergraddedeees
(see: http://www.segal.northwestern.edlu/ The Institute is
affiliated with three full-time graduate-level degr programs:
(1) a management program in design and operatigihdM)

Rackham Graduate School—not a department—houses thethat offers a combined Master of Business Admiat&in

graduate degrees offered throughout the universitfhe
program, now in its third year, requires a studienthave a
Master's degree prior to becoming a Ph.D. candidete to
have two dissertation advisors from two distinctlifferent
disciplines (i.e., advisors from two different emggéring
departments would not be acceptable). Funding ugtad
students is another common challenge, and studargs
required to have secured funding for two yearsrpi@obeing
admitted into the Design Science program. Theespwonding
morphological matrix for the Design Science Progtargiven

(MBA) degree with a Master of Engineering Managemen
(MEM) degree, (2) a Master of Science in Enginegidesign
& Innovation (EDI), a one-year program focusingahuman-
centered approach to engineering design, and @asters of
Product Development (MPD) for professionals stitiriing in
industry. Housed within the Robert R. McCormickh8al of
Engineering and Applied Science, the institute psuted by a
$5 million private donation and stands independehtall
engineering departments. Classroom, meeting, maibsspace
for these programs is available in the new Fordifggying
Design Center where the institute resides.

Table 1. Morphological Matrix for Designing Interd

isciplinary Graduate Design Programs

Challenges: Solution 1 Solution 2 Solution 3 Solution 4 Solution 5 Solution 6
Getting admin Industry Letters/models . Faculty Student Prior
. : Admin mandate L
buy-in letters other univ. advocacy advocacy activity
4 Funding Allocation/ . Masters .
3 . On-line courses Exec Ed Angel funding Industry
= program Tuition recov. program
3 - . .
2 Funding RA/TA Company Un|ver5|ty(dept NSF IGERT or Self-funded Angel funding
x students supported fellowships fellowships
Co-located - - -
Space Dept space space New building | Rent building Buy building No space
Affiliated faculty .
Home dept from other |Dedicated lines| Adjunct faculty .]pmt
for faculty appointments
depts
Tenure-ability |Tenure in home Tgnure in No tenure track Prof. of the Clinical Faculty Other
of faculty dept. design dept. Practice
. Individual Co-advisor . Co-advisors Individual
" Advisor . : Non-design . :
£ advisor from | from design & : from different | advisor from
S structure . dept advisor
3 design dept other dept depts program
>
] Deoreels) PhD MEng MS MFA MBA Other
granted
. .- . Dedicated
Curriculum Use existing Cross-list © |c.a ©
. . design
architecture courses design course
> courses
= . . Business .
(o))
ks Core course Engineering (Finance, Mkig, Indu;trlal Psychology Media Other
@ areas (ME, IE, etc.) Design
o Mngmt)
Ins(,jt;llji\c;g?;al Studios Lectures Case studies |Problem-based| Project-based Co-taught
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Table 2. Morphological Matrix for University of Mi

chigan’s Design Science Program

Challenges:

Resources

Home dept
for faculty

Faculty

Advisor
structure

Students

Degree(s)
granted

Curriculum
architecture

Core course
areas

Pedagogy

Instructional
delivery

Getting admin
buy-in
Funding
program
Funding
RATA
Space Dept space

Solution 1
Industry
letters
Allocation/
Tuition recov.

On-line courses|

Solution 2
Letters/models
other univ.

Company
supported
Co-located

space

Solution 3

Exec Ed

University/dept
fellowships

New building

Solution 4
Faculty
advocacy
Masters
program

NSF IGERT or
fellowships

Rent building

bolution 5
Student

advocacy

Angel funding

Self-funded

Buy building

olution 6
Prior
activity

Industry
Angel funding

No space

Affiliated faculty
from other
depts

o]llIVA Tenure in home

Tenure-abili
of faculty

dept.

Individual
advisor from
design dept

PhD

Use existing
courses

Engineering
(ME, IE, etc.)

Studios

Table 3. Morphological Matrix for Northwestern Uni

Dedicated lines| Adjunct faculty ‘?OI nt
appointments
Te_nure n No tenure track Prof. Of. the Clinical Faculty Other
design dept. Practice
Co-advisor Non-desi Co-advisors Individual
from design & de ':'a d\?ilsggr liuleiCIClaM  advisor from
other dept P depts program
MEng MS MBA Other
Cross-list Dedicated
design course design courses
Business Industrial
(Finance, Mktg, . Psychology Media Other
Design
Mngmt)

Lectures Problem—based Project-based Co-taught

versity’'s MMM Program

Funding
students

Resources

Home dept
for faculty

Faculty

Funding
program

Allocation/
Tuition recov.

RA/TA

Affiliated faculty
from other
depts

nure-ability EEEIIERTNglelnlE!

Te -abili
of faculty

dept.
Individual

granted

Curriculum
architecture

Core course
areas

Pedagogy

" Advisor )

= advisor from
= structure desian d

3 esign dept
& Degree(s) PhD

Use existing
courses

Engineering
(ME, IE, etc.)

Instructional
delivery

Studios

Challenges: Solution 1 Solution 2
Getting admin Industry Letters/models
buy-in letters other univ.

Company
supported

Solution 3

Admin mandate

On-line courses Exec Ed

University/dept
fellowships

Solution 4 Solution 5 9 olution 6
Faculty Student Prior
advocacy advocacy activity
LRl Angel funding Industry

program
NSF IGERT or Self-funded Angel funding
fellowships

Co-located
space

Dedicated lines QAGIUla R 16011

Tenure in
design dept.

New building

No tenure track

Rent building

Buy building

No space

Joint
appointments

Prof. of the

Co-advisor
from design &
other dept

Practice
. Co-advisors
Non-design .
B from different
dept advisor
depts

Cross-list

Business
(Finance, Mktg,
Mngmt)

Lectures

MS

Dedicated
design course design courses

Industrial
Design

MFA

Clinical Fac

program

Individual
advisor from

ulty Other

Other (MEngr-
Mgmt)

Psychology

Other (Human-
Center-Design)

Case studies JHgelEIgEERENl Project-based Co-taught

Copyright © 2010 by ASME



Table 4. Morphological Matrix for Northwestern Uni

versity’s EDI Program

Resources

Funding
program

Allocation/
Tuition recov.

Challenges: Solution 1 Solution 2
Getting admin Industry Letters/models
buy-in letters other univ.

On-line courses

Solution 3

Admin mandate

Exec Ed

Solution 4 Solution 5 5 olution 6
Faculty Student Prior
advocacy advocacy activity
R Angel funding Industry

program

Home dept
for faculty

Faculty

Advisor
structure

Funding RATA Company
students supported
Space Dept space Co-located

space

Affiliated faculty

from other
depts

enure-ability EEINCERaNle]nl=]

T
of faculty

dept.
Individual
advisor from
design dept

Dedicated lines

Tenure in

University/dept
fellowships
New building

Adjunct faculty

No tenure track

Rent building

NSF IGERT or Sy
fellowships

Buy building

Angel funding

No space

Joint
appointments

Prof. of the

Clinical Faculty

Students

Degree(s)
granted

Curriculum
architecture

Core course
areas

Pedagogy

Instru_ctlonal Studios
delivery

Table 5. Morphological Matrix for Northwestern Uni

PhD

Use existing
courses

Engineering
(ME, IE, etc.)

MEng
Cross-list
design course

Business
(Finance, Mktg,
Mngmt)

Lectures

MS

Dedicated
design courses

Industrial
Design

Case studies

design dept. Practice
Co-advisor . Co-advisors
. Non-design .
from design & dent advisor from different
other dept P depts

Individual
advisor from
program

Other
(Lecturers)

Other

Psychology

Media

Problem-based Project-based

versity's

MPD Program

Other (Human-
Centered
Design)

Co-taught

Funding
students

Resources

Funding
program

Allocation/
Tuition recov.

RA/TA

Challenges: Solution 1 Solution 2
Getting admin Industry Letters/models
buy-in letters other univ.

Company
supported

Space

Dept space

Co-located
space

Solution 3

Admin mandate

On-line courses Exec Ed

University/dept
fellowships

Solution 4 Solution 5 g olution 6
Faculty Student Prior
advocacy advocacy activity
Masters Angel funding Industry

program
NSF IGERT or
fellowships

Self-funded

New building

Rent building

Buy building

Affiliated faculty

granted

Curriculum
architecture

Core course
areas

Pedagogy

Use existing
courses

Engineering
(ME, IE, etc.)

Cross-list
design course

Business
(Finance, Mktg,
Mngmt)

Instructional
delivery

Studios

Lectures

Dedicated
design courses

Industrial
Design

2 Home dept Lo NeIHEI Dedicated lines| Adjunct faculty met
= for faculty d appointments
= epts
& Tenure-ability WELRUICELREGINE]  Tenure in Prof. of the
) No tenure track .
of faculty dept. design dept. Practice

. Individual Co-advisor . Co-advisors Individual
» Advisor - . Non-design } .
2 advisor from | from design & : from different | advisor from
@ structure desian d her d dept advisor d
3 esign dept other dept epts program
G  Degree(s) PhD MEng MS MFA MBA

Psychology

Case studies JHglEIGEEEELY Project-based
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Other (MPD)
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Table 6. Morphological Matrix for Stanford Univers  ity’s d.school
Challenges: Solution 1 Solution 2 Solution 3 Solution 4 Solution 5 olution 6
Getting admin Industry Letters/models . Faculty Student Prior
) . Admin mandate .
buy-in letters other univ. advocacy advocacy activity
@ Funding Allocation/ . Masters :
3 . On-line courses Exec Ed Angel funding Industry
= program Tuition recov. program
7 Funding Company University/dept | NSF IGERT or .
7 -
& students RAITA supported fellowships fellowships Sk /\"9¢! funding
Co-located _— i -
Space Dept space space INEWRGUIsMal’@ Rent building Buy building No space
Affiliated faculty .
2> Home dept lielnNel (I8 Dedicated lines | Adjunct faculty J_omt
= for faculty d appointments
3 epts
] ™ - T
T -abil : .
il Tenure-ability EEIERNINE] Tgnure in No tenure track Prof of the Clinical Faculty Other
of faculty dept. design dept. Practice
. Individual Co-advisor . Co-advisors Individual
o Advisor . . Non-design . )
£ advisor from | from design & - eI icICIhIM  advisor from
S structure desian d her d dept advisor d
3 esign dept other dept epts program
o Degree(s) PhD MEng MS Other (None)
granted
Curriculum Use existing Cross-list Dedicated
architecture courses design course [lElo[gReelV[{=F]

Business
(Finance, Mktg,
Mngmt)

Pedagogy

Core course Engineering
areas (ME, IE, etc.)

Instructional .
. Studios
delivery

Lectures

Industrial
Design

Case studies | Problem-based [E{e]EE&EEL=)

Other (Jrnl, CS,
Medicine, Perf
Arts, ...)

Psychology Media

Co-taught

Dr. Don Norman discussed some practical issueslithit
the effectiveness of the institute’s mission tdntrstudents in
the process of design from conception through prtdn,
largely focusing on issues stemming from the deprog on
faculty affiliations with the institute to supportaching and
research related to design. Since all facultyliatid with the
institute must first be hired within a traditionahgineering
department, exceptional candidates for the institute often
dismissed because their proposed research is viasetbo
“soft” to match the goals of the department. Heav professor
with a design focus is hired, there is often condbat the goals
outlined for the tenure process do not reward tiw faculty
for the time commitment required to also suppoet itistitute’s
goals. The inability to hire faculty directly atige reliance on
affiliations mostly from tenured faculty again eragizes a
theme from the workshop that success in these anmugris
often fueled solely by the dedication and energyhef faculty
supporting them. Dr. Norman stated, “What we ayiag to do
as practical designers does not fit within a ursitgf’ and later
highlighted the need to better recognize work isigle Other
challenges raised include problems faced with lzit@nthe
teaching expectations of engineering and busineseists and
the necessity of developing quantitative views o general
principles being applied in order to create thedacsic depth
required for a new discipline and to receive gnedtading.
The corresponding morphological matrices for the MMEDI,
and MPD graduate programs at Northwestern are shawn
Table 3, Table 4, and Table 5, respectively.

4.3 Hasso Plattner Institute of Design at Stanford

The Stanford d.school, officially The Hasso Plattne
Institute of Design at Stanford, was created figarg ago by an
interdisciplinary group of faculty. The hallmarktbe d.school
is interdisciplinary collaboration by both faculand students.
It uses project-based education in order to agtivigage
students in the process of learning and creatifidie main
strength of the program is the dedication of thdiren
community (students, faculty and staff) to the depment of a
culture that thrives on defining and solving megfih design
problems, and to producing working solutions td prablems
using a group of processes known as “Design ThgikinThe
concepts that define design thinking are diffefemin the usual
thrusts of engineering education. The greatesthesip is on
interdisciplinary teaching teams and student telaming by
doing. The courses use little formal lecturing textbook
learning; instead, students are encouraged to nmwestate of
complete immersion in a problem, with the goal aificgly
creating empathy for the user and moving rapidlio ithe
ideation phase by use of sketches, lists, and fyye. The
d.school offers course that are taken by mainlydymte
students.  Students come from all of Stanford’sosth
(Business, Earth Sciences, Engineering, Humanithesl
Science, Law and Medicine). The d.school coursesaken as
electives in students’ normal degree programs. s€guently,
the d.school does not offer a degree; studentsiroltkeir
degrees from their home departments.
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The d.school’'s design courses often turn out tothme
transformative experience of a student’s life a&n&ird—it is
not uncommon for students to change their caresgediory
after a d.school experience, and there have beeny ma
successful project outcomes. For example Bhieepreneurial
Design for Extreme Affordabilitgtudent teams have designed
products that have improved the lives of hundrddb@usands
of people in Myanmar, India, Nepal, and Ethiopighe student
teams in theCreating Infectious Actiowourse have influenced
policy at Walmart, Disney, Jet Blue and severalaficial
institutions. Teams from thBoot Campclass and théledia
class have changed programming at New York Pubdididr
There are also ongoing projects (called labs)dhainot tied to
courses. The two largest ones are the K-12 Lab taed
Environments Lab. The teams in the K-12 Lab hassighed
classroom spaces and curricula for teaching dekighking and
creative problem solving to students in elemensahools. The
d.school has a strong presence in three elemestdigols in
the San Francisco Bay Area, in the Henry Ford Moséu
Dearborn Michigan, and in some elementary schegoBhutan
and in India. The Environments Lab devises waysuse
physical spaces to run multiple design classes,dasiyns and
builds special furniture to support d.school uniteeching and
project activities. The d.school’'s web page iadysource for
more informationhttp://d.school.stanford.edu

4.4 Program Similarities and Differences

As we can see from these tables, there is clearlgimgle
solution that suits everyone—the launch (and smstant) of
interdisciplinary graduate design programs dep@mds variety
of factors, many of which are specific to the unsitly and its
surrounding environment. The degrees offered legehfive
programs range from a Ph.D. (in Design ScienceM 8. and
professional Master’s degrees (MBA, MPD), to noreeg(in
the d.school). Programs have been successfullgmfrom the
top down (administrative mandates at Northwestamjvell as
from the bottom up (faculty advocacy resulting fromevious
collaboration at Michigan). It is no surprise tt@timni and
Angel investors can play a key role in program fation
(Plattner’s contributions formalized the d.schoolSianford,
Segal’'s contributions formalized the Segal Desigstifute at
Northwestern); however, other programs (e.g., DeSigience)
have found ways to accomplish their goals with somegersity
support. Faculty affiliations and tenure concexist across all
these programs, and the best solution dependsheavithe
university structure (e.g., department vs. ingtitaffiliation).
Despite these differences, there is a large consetisat
interdisciplinary design programs should emphasp®ject-
based (active) learning, co-taught lectures anddiasy
teamwork, interdisciplinarity, and systems thinkittgname a
few. Finally, while the monikers we use may differ
(Interdisciplinary Design vs. Design Science vs. siDe
Thinking), we all agree that design—in the broadmsise—
provides unique opportunities to engage, impassiang
ultimately transform students’ educational experémn

5. CLOSING REMARKS AND RECOMMENDATIONS

In a frequently cited quoteThe Economistlaimed that
“Innovation is now recognized as the single mospantant
ingredient in any modern economy” [9]. Meanwhile,
Commerce Secretary Gary Locke recently declaredtl doa
nation’s innovation system is “broken” and statdétt“the
United States has not adjusted to a new global etldce
where foreign countries and foreign companies tibgeability
to outpace their American counterparts. It's eogble for the
United States to continue with the status quoa World where
innovation is critical to U.S. competitiveness, waust do
everything in our power to optimize commercialieatithat
stems from our nation's vast research investriierithere has
never been a clearer imperative to improve thetietgaand
innovative mindset of U.S. graduates from all gifines.

We assert that design lies at the heart of innomatand
interdisciplinary graduate design programs such tlasse
involved with these workshops are uniquely posibnto
provide the educational opportunities to revitalihe nation’s
innovation ecosystem. The Design Workshop Sepeglt to
arrive at a clearer understanding wifio these new graduate
programs should serve anavhat they should entail.
Participants found the talks from the “thinkers’cgdemic
leaders representing different design themes inmiwdkshops’
panels) as well as the design “doers” (award-wignilesign
practitioners who spoke in, for example, “Desigricajo”)
were stimulating. The barriers and challengesréating (and
sustaining) these programs were discussed at leagthmany
feel that now is the time for action.

The Design Workshop Series catalyzed an interdiseiy
research community that shares a passion for design
Descriptions of innovative design courses have lmested by
workshop participants and are available online @lomth
additional teaching material developed by the aefh An
online community, DesignWIK] was recently established by
participants to share and disseminate work. Omécjgant
shared his experiences at the workshop BitlsinessWeeénd
was subsequently included as one of the parelistgheir
assessment of the “World’s Best Design SchdolsSeveral
participants also reported that their involvementhie Design
Workshop Series spurred the development of new
interdisciplinary graduate design programs at thstitutions
(e.g., lowa State, University of lllinois Urbana-d#Chpaign),
and faculty at Sheffield Hallam University in the&l¢reated a
new Design Leadership programming that united Egwging,
Computing, Art and Design and Media Arts. Finalgulty at

2 sSecretary Locke's speech is available onlinehtifr://www.commerce.gov/
NewsRoom/SecretarySpeeches/PROD01_008812

3 http://www.stanford.edu/group/dschool/nsfdesignvebidp/

4 http://designnetwork.wetpaint.com/

5 http://www.businessweek.com/innovate/content/sep200
id20090930_821020.htm?chan= innovation_special+teépadesign+
thinking_special+report+--+design+thinking

® http://images.businessweek.com/ss/09/09/0930 wdstetst_design_schools/
index.htm?chan= innovation_special+report+--+desigimking_special+
report+--+design+thinking
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the University of Michigan are considering a M.8.Design
Science, and faculty at Penn State have startexff¢o cross-
disciplinary design courses with the goal of esshitig a new
interdisciplinary graduate design program.

While significant strides have been made in the gaar
through the Design Workshop Series, considerablek wo
remains. The following recommendations are offéaceNSF to
continue providing support and serving as a catétys

1) Improve administrative buy-in through future
interdisciplinary design workshops in order to capitalize on
this new-found momentum and interest in design,need to
get department heads, deans, and senior-level &trators
involved with these workshops in order to sharepassion and
help us identify ways to overcome the barriers ehdllenges
outlined in Section 3. Having them participate Dresign
Thinking activities like we did at the Stanford Wwehop would
also be a valuable experience for many of them.

2) Identify lessons learned among a broader set of
interdisciplinary ~ graduate  design programs— the
morphological matrix introduced in Table 1 providesclear
and concise way to compare and contrast how differe
interdisciplinary graduate design programs “solvé@ barriers
and challenges at their respective universities;sach, this
matrix should be used to characterize a broader odet
interdisciplinary graduate design programs thatstexand
identify “lessons learned”, which can be sharedhwdther
faculty and universities to help them avoid the sauitfalls.

3) Characterize the knowledge, skills, and attisidsf
students in these design programswhile there is some
consensus orhow courses in these interdisciplinary design
programs should be taught (e.g., project-based nitggr
teamwork, co-taught), there is little agreementwdrat should
be taught; programmatic content will vary, but maeverk is
needed to understand the knowledge, skills, antddgs that T-
shaped students need when they graduate from phegems.

4) Expand involvement of business and other design-

related disciplines (e.g. industrial design, aretiture, human
computer interaction design, law, journalism) in ese
discussions- while each workshop had representation from a
variety of disciplines involved with design, we siob continue

to grow and expand the community to identify bestcfices in
other fields and find synergies with other disecipk. For
instance, significant insight could be gained iftiggpants were
able to have discussions with a variety of innaxeatbusiness
leaders to both assess their needs and to betteraiand novel
approaches used to facilitate proven innovation.

5) Identify best practices among international
interdisciplinary design programs- several international
programs were represented and discussed at oursknapk;
several schools in Europe (particularly in the WN&therlands,
and France) have created strong design programs sath
Ph.D. programs; in Asia, there is a strong cootdish@ffort to
build design research and education as a cornergibrtheir
economic engine, with efforts in China, Korea, Tav and
Malaysia—the recently launched Singapore Universitly
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Technology and Design (joint effort by MIT and t8agapore
Government) has a very ambitious agenda that atémdhe
issues in Section 3, and it plans to enroll sevénausand
students. We need to work more with these schaold
understand their modes of operation better, as skeyn more
eager to hire our students as design faculty thanynof our
U.S.-based institutions.

6) Study the role of design in innovatierwhile there are
many definitions for innovation (e.g., translatioincreativity to
practice), design plays a key role in all of thehgrefore, it is
in our best interest to understand the role thatgdeplays in
innovation so that we can respond to the challefagag our
nation and help “fix” our innovation ecosystem.

7) Improve funding opportunities for interdiscigiy
design research and educational effortsvhile NSF programs
like Engineering Design and Innovation, Creativeldnd
IGERT are supportive, the community could leverdarye
grant support through programs such as EFRI arateeRCs
to strengthen connections with non-engineeringiglises that
are involved with design; expanding CCLI-type ggartb
support graduate course and laboratory developnaemt
dissemination would also advance these efforts.

While any interdisciplinary graduate program will face
many of the barriers and obstacles discussed irioGe8,
programs centered around design may be the betstdsto
navigate these hurdles since design pervades elgeripline,
and therefore, everyone is a stakeholder. Un#rghis a
Whitaker Foundatiohfor interdisciplinary design, we must rely
on NSF and the generosity of the Plattners, thalSegnd the
Fords of the world to help us establish such npvegrams and
infrastructures. In the meantime, we need to &ségd to our
own advantage—if design can transform companies and
organizations around the world, then so too caheip us
transform the university environment wherein we edecating
the workforce of tomorrow.
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