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Objective: Our primary objective is to build cross-disciplinary understanding of innovation in 
design and develop methods for evaluating it in undergraduate student design projects. This in 
turn will result in defining higher quality projects, result in more innovative outcomes, and 
transform the design-innovation frameworks of faculty and students for E2020 and beyond.  

Background: The decline and commoditization of manufacturing knowledge has caused 
innovation to emerge as a key area of national importance (George, 2006; NSB, 2007). In the 
United States, innovation industries account for over half of U.S. exports, represent 40% of U.S. 
economic growth and employ 18 million Americans who earn 40% or more than the average U.S. 
wage (Gutierrez, 2007). It is well known that early stages of design processes accounts for a 
significant portion of the cost committed to design, and is also the stage where significant 
innovation can occur (Ullman, 2003). We define innovation as a new match between a need and a 
solution, where the novelty can be in the need (market) and/or solution (technology) or in the 
new marriage between the two. Consequently, preparing U.S. engineering students to compete 
globally (NSB, 2007; NAE 2005) through learning design innovation is a growing priority.   

Building innovation capacity in engineering students is critically important to our national 
economic infrastructure. A Kaufmann study of entrepreneurial impact of MIT alumni provides a 
benchmark of the impact a university can have on the economy. The 25,800 currently active 
companies founded by MIT alumni employ 3.3 million people and generate annual world sales of 
$2 trillion, producing the equivalent of the eleventh-largest economy in the world (Roberts 2009). 
On the other hand analyzing the overall landscape of technology transfer of the 3200 universities 
only 6 have yielded significant returns from intellectual property rights and most of it in drug or 
biomedical related patents (Tech. Review 2001). Even for these successes the revenue is a small 
percentage (2% for MIT) of total research expenditures. Clearly the innovation capacity we build 
among our students is the most critical long-term investment we can make. In particular, design 
has been a cornerstone of academic programs and the link between Design and the U.S. economy 
is just beginning to be understood. Design through Engineering makes an effective link between 
innovation and creating value from it. The U.S. economy increasingly requires more innovative 
engineers.  Just last week, for example, President Obama announced a new set of public-private 
partnerships in the “Educate to Innovate” campaign (Obama 2010) committing more than $250 
million in private resources to attract, develop, reward, and retain science, technology, 
engineering, and mathematics (STEM) teachers. Clearly the innovation capacity we build among 
our students is the most critical long-term investment we can make.  

Design and innovation has been a cornerstone of academic programs, but the link between 
innovation and national economic outcomes is just beginning to be understood. Innovation is a 
loosely used concept, often confused with invention. “Invention is the first occurrence of an idea 
for a new product or process, while innovation is the first attempt to carry it out in to practice.” 
(Fagerberg 2005). 

 

The major issues faced in improving student’s capacity in design innovation are: 

• Design and design process are learned through practice, however, the creation of design 
ideas and innovation outcomes results from complex multi-disciplinary, non- sequential, 
interactive, communicative, and highly social processes.  In learning design and 
innovation, students must learn complementary skills from each other (peer-learning), and 
the underlying communication among the team members is critical during this time. NSF 
has recently challenged scientists to understand innovation processes, indicating, “new 
ways need to be developed to capture data on those interactions, and new data need to be 
developed to characterize the eventual outcomes” (Lane, 2009). 

• In particular, current literature reveals that while innovation has been approached from 
industrial contexts, and international innovation indices have been developed (Oslo 
Manual), no single paper discusses innovation metrics for design projects in a university 
context. In order to become real, innovation requires an organization system, vocabulary, a 
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conceptual framework and a rationale. Innovation for its own sake is not useful and we try 
to seek value in our innovations (Kim 2005) 

• Currently design projects do not involve commitment from industrial partners and vary 
significantly in scope and nature. Often faculty driven interests drives much of the project 
definition with little involvement of students. Therefore the opportunity identification and 
problem definition skills are not well developed in undergraduate students. The primary 
focus of the design projects is in problem solution. 

Our current proposal concerns “design innovation in undergraduate design projects”. We 
will define innovation operationally as a new match between a need and a solution. The novelty 
can be in the new need or the new solution or in the relationship between an existing need and 
solution (Terwiesch and Ulrich 2008). Applying such a model combining “opportunity 
definition” and “value-innovation” to design education has the potential to transform Purdue 
undergraduate students by stimulating curiosity at a fundamental level, foster risk taking, and 
provide intellectual space and freedom to explore and evolve ideas to see where they will lead.  
 

Today, Design is synonymous with Innovation in fact the two cannot be separated. With the 
decline of the manufacturing based economy much of the value we create in products has moved 
to design stages (Martii 2005). In addition the notion of “design thinking,” now transcends 
products and technology into services, industrial design, social services, entrepreneurship and 
others. These form the key elements for progress if the U.S. economy. In particular a recent paper 
in Science on Innovation Policy suggests that creation and transmission of knowledge occur 
through complex human and social interactions, we need new ways to capture them and 
characterize eventual outcomes (Lane 2009). Research into design processes began in the early 
1960’s. In the 1980’s research moved into suggesting a series of steps that would lead to a positive 
design outcome as in the design process models of Cross (1989), Dym and Little (2000), Pahl and 
Bietz (2001), Pugh (1990) and Ullman (2003).  In the educational realm, design was incorporated 
into the cornerstone and capstone courses in many universities across the nation with Purdue 
leading some of these efforts (Starkey et al. 1994). Likewise, the Purdue E2020 framework has 
recognized innovation as one of the core attributes in knowledge required for future engineers. In 
the past 5 years some universities, notably Stanford, Northwestern, Penn State and Michigan, 
have started design programs at the Master’s and Ph.D. levels; some universities such as IIT- 
Madras have started Bachelors programs in Product Design. NWU and Stanford have design 
institutes with masters level program with significant endowments. In addition, Business Week 
introduced rankings for 30 to 40 design programs globally (Worlds Best Design Programs 2009).  

The interpretation of design in the past few years has varied and in that process has created 
multiple polarities. On the other hand the emergent “design thinking” unifies the views of 
innovative and divergent aspects with the analytical and engineering frameworks. However, 
rigorous research into design methods being taught in engineering programs is needed especially 
at the interfaces of design and value innovation. Our proposal seeks to address a critical need in 
understanding the process of design innovation by: 1) studying the ecology of innovation; 2) 
defining and measuring innovation capacities as well as outcomes; and 3) creating curricular and 
academic initiatives that develop and foster innovative thinking, skills, and processes in our 
engineering students. 

Specifically our work addresses the following E2020 attributes that will be enhanced directly: 

a. Abilities 
i. Teamwork, communication, decision-making,  

ii. Work in Diverse/multicultural environments 
iii. Synthesize engineering/societal perspectives 

b. Knowledge 
i. Analytical skills 

ii. Open-ended design and problem solving skills 
iii. Multidisciplinary within and beyond Engineering 

c. Qualities 
i. Innovative 

ii. Ethically responsible in global, social, intellectual, and technical context 
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iii. Entrepreneurial 
Approach:  

Our current proposal concerns “design innovation in undergraduate design projects”. We 
define innovation operationally as a new match between a need and a solution. The novelty can 
be in the new need or the new solution or in the relationship between an existing need and 
solution (Terwiesch and Ulrich 2009). Applying such a model combining “opportunity 
definition” and “value-innovation” to design education has the potential to transform Purdue 
undergraduate students by stimulating curiosity at a fundamental level, foster risk taking, and 
provide intellectual space and freedom to explore and evolve ideas that may lead to innovative 
outcomes.  

 
In order to instill in students a design innovation “mindset”, we will form a faculty group 

that will develop a framework from problem definition through solution driven by innovative 
design thinking in the context of design projects.  Our organization of the discussions within our 
smaller group and beyond will drive how we develop the opportunity defining frameworks, 
measure innovation in diverse projects, and how we redesign the learning experiences.  

 
TASK 1 - Defining opportunities: One can define an opportunity as a seed that later grows into 
a design innovation or a hypothesis of how customer value can be created. Without a good 
opportunity, however good the design, it will not have a significant impact. Currently, most 
design projects in our curriculum do not have a sourcing framework or pipeline. Since the faculty 
defines a large portion of the problem, students do not learn or develop skills in identifying, and 
then developing problem definitions that are linked with opportunity. The work of Ho (2001) and 
Restrepo and Christiaans (2003) shows that before designers develop abstract relations and 
concepts, a large number of design issues need to be raised and structured in order for a designer 
to develop a solution. In addition these issues are complex, because they are interlinked in a non-
linear manner. Novice designers often overlook these complex dynamic relationships. Problem 
definition is important to design quality, earlier design phases have comparatively greater 
impact, and intermediate design levels falling between concept and detailed designs are 
important (Sobek 2007). Opportunity identification and problem definition is less studied except 
in firms (O'Connor and Rice 2001). Our hypothesis is removing problem definition experiences 
reduces student capabilities for innovation in the real world – an important skill set for E2020 
students that has not yet been well developed in our curriculum.  

Our intra-disciplinary and cross-disciplinary project team will develop a sustainable 
methodology for developing a project problem definition pipeline. Sources of opportunity will be 
identified including internal sources within Purdue (faculty, centers in discovery park, and 
others), industry linkages, non-governmental agencies, and international sources such as through 
the Global Engineering Alliance for Research and Education (Purdue GEARE program). One 
potential development will be a 1-credit precursor to the design projects for problem definition, 
which will include a ranking of the projects for innovation potential, and the identification of a 
match between students and the projects. This coupling of opportunity identification with quality 
sources will lead to better projects and student experiences. Finally a network of mentors, 
advisors and resources for the projects will be formed through a web-based system. 
GlobalHUB™ is a potential medium that can support this network formation and its expansion to 
scale up the opportunity definition.  

This task allows us to address several questions, such as: Can (and how) novice design students 
adopt opportunity identification processes and framework of experts?; and How can exposure to 
innovative design opportunity identification and improvement in quality of opportunities 
increase their quality and level of innovation outputs? We will compare design projects in two 
groups, one that is exposed to the opportunity identification framework and problem definition 
importance and one that is not. We will then compare the innovation levels in their projects. 

 

TASK 2 - Developing and validating measure(s) for innovation: Although innovation is well 
researched from a market perspective (Poole 2004) and after the product is successful, innovation 
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measures developed for industry (OECD 2005), no research has addressed innovation metrics in 
student design projects. This task is the centerpiece of this proposal. In the past two offerings of 
ME463 a small group in the School of Mechanical Engineering engaged in a project to determine 
innovation dimensions. We discussed the innovation award criteria with the team of external 
judges – all very successful ME alumni with significant industry and business experiences. In 
addition several faculty were interviewed using the LiveScribe™ Pen. We analyzed the text of 
these interviews, using an affinity algorithm, to extract keywords and themes regarding 
innovation characteristics. Several exemplars emerged and an innovation rubric was developed. 
During the second innovation award competition, the judges improved on the framework. 
However they resorted to four key dimensions (differentiability, chances of market success, level 
of need satisfaction, and creativity) in their judging. These dimensions provide us great insight 
into developing a new measure for innovation. We will further refine these dimensions using a 
Delphi study (Murray 1975). A questionnaire will be developed and administered to faculty in 
other schools that teach design within and beyond Purdue, as well as industry experts in design 
to evaluate and improve our dimensions of measurement for innovation.   

TASK 3: - Redesigning the design learning experience: In the following semester, we will 
implement the metrics developed in Task 2 and also perform course assessments via a mid-term 
and end-of-course questionnaire, and correlate these with team performances. The courses that 
will be used are Senior Design Projects (ME463), Industrial Design (AD30500), and freshmen 
perspectives in Design Innovation in Engineering Education (Atman et. al. 1999). We will also 
provide instructional observation and intervention throughout the course, through bi-weekly 
instructor meetings. In order to execute this the instructors should all have a shared 
understanding of innovation-in-design projects. Currently this shared understanding does not 
exist. In addition, graduate students in a course taught in Communication (COM 674 
Collaboration and Innovation), will conduct research studying the team dynamics and 
interactions of design students in our courses. In this way, we will develop new approaches for 
capturing team interactions in order to generate the data that will help to characterize processes 
of innovation (Lane, 2009). Translating the “aha” moment into an innovation might require a 
well-functioning team or organization (Kiesler 2008 and Schunn 2008).  

Assessment Methods: 

In addition to the development of innovation metrics listed above we will also perform 
assessments through the course via a mid-term questionnaire and end of course questionnaire. 
Spearman correlations will be used to compare the team effectiveness as well as team 
performances. Our questionnaire will consider the measures of success, types of communication 
difficulties in multi-disciplinary teams and correlate these successful design outcomes as judged 
by innovative designs as ranked by experts in from industry and academia. We will use methods 
similar to the one used by Titus and Ramani (2008, 2009) for studying the decision making of 
over 60 First Robotics teams and Dong (2004a, b) 

Thus by introducing frameworks for design innovation and using multidisciplinary design 
projects we enable new dimensions of design that can be studied. By looking at the resulting 
design as a communication intensive process we will analyze the data collected as well as 
provide real time feedback along many dimensions. Finally we use metrics for each stage of the 
design and understand the nature of innovation among the teams. The five levels of assessment 
levels that will be performed include: (1) Participation, (2) Satisfaction, (3) Learning, (4) 
Application and (5) Impact. We will formulate questions and type of data that will be collected in 
each category to see if the innovation framework and opportunity definition experiences impact 
their perspectives, points of view and capacity to innovate. 

Broader Impacts: 

• Design Innovation Lecture Series: invited speakers, lectures will also be offered as a technical 
elective for senior students. They will be used to seek faculty doing research in design 
relevant to design education, translation of research to education, industry speakers in design 
areas (seek input from them for design projects for senior students) 
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• Design Workshops: It is imperative we use the conversation around “design innovation” in 
undergraduate student design projects as a means to break the barriers in communication 
between different design viewpoints.  

• Design Interest Group Advisory Board will be formed: This will indirectly start the 
conversation for programs in design.  

• Sustainability: Some of the results will be embedded in the learning of the instructors and 
retained within the design faculty. This in turn can be used to further develop a sustainable 
pipeline for projects including through industry.  

• Future Program in Design: Design Interest Group (DIG) will be a cross-disciplinary research 
and education interest group that will discuss the development of innovation and design 
issues in student learners. We will also discuss collaborative “design spaces” for the future 
development. The impact of design space and prototyping was clearly demonstrated in a 
NSF sponsored Design Workshop at the Hasso Plattner Design Institute at Stanford 
University. 

Expected Results: 

Topics and issues related to forming projects for senior design students that cut across the 
curriculum will be evaluated and a framework for enhancing projects that have high innovation 
potential will be developed. A precursor to the final design projects around “problem definition 
for projects,” will be developed as a 1-credit course prototype. Our hypothesis is that this 
precursor will enhance the quality of the design projects, scope for innovation, and the students’ 
commitment and intrinsic drive towards innovation. We will also develop detailed metrics for 
design project evaluation for “innovation awards.” The Innovation Award will be used as a 
discussion topic around which we can transform the student mindset and innovative design 
thinking among faculty.  

Based on the results of this pilot study we will use the preliminary findings to write NSF 
proposals to both the Science of Innovation Program and EECI.  The PI has already discussed the 
proposal with the Science of Innovation Program and they are looking forward to one. In 
addition the team will also prepare a larger proposal to EECI program since its recent focus in on 
innovation with a particular emphasis to meet the changing needs of our society and economy. 
Further the PI has developed strong relationships with Kaufmann Foundation as well that will 
help in broader outreach and funding as well. 

Finally, Purdue’s positioning for a program in design will be improved. Currently the 
community is fragmented and needs to come together. 

Schedule and Budget: 

We will start discussions in our group soon after funding is announced. Most of the planning will 
occur in the summer of 2010. We have budgeted $1500 for each of the faculty for either summer 
salary or travel to present the results of this preliminary study ($12 K total). We will execute on 
the project in the Fall and Spring of 2010 in design project samples across disciplines. The 
preliminary results will then be used for proposals that will be prepared in the end of Fall for 
NSF EECI deadline in January and this September for the NSF SCIIP programs. We also have 
included a budget for a graduate student who will design the preliminary experiments, collect 
the data and analyze it ($15 K). We hope we will be able to submit the first paper discussing 
innovation metrics in design projects at the end of the year. Several other individual papers from 
each of the areas of the Co-PI’s will follow. We will conduct a design workshop in the fall 
semester and one in the spring semester ($3 K budget). In addition we will have monthly Design 
Interest Group meetings which will broader the participation across campus. Invited speakers 
travel and accommodation has a budget of $10 K. We will write to the head of each school for 
cost sharing for invited speakers and sometimes overlap with design seminar series (multi-
disciplinary) for seminar course requirements. The total budget will be $40 K. Each category 
includes overheads also. A formal budget will be submitted if the proposal is funded. 
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