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This paper describes initial efforts to link, evaluate, and further develop specific innovation-
related skill sets among students working in an engineering design context. By integrating two
areas of research - innovation-related skills and multi-source assessment processes - the authors
present efforts at Columbia University and the University of Pittsburgh to identify new methods
to develop these important capabilities in engineering and science students. Over the past two
years, multi-source assessment and feedback processes have been used to support students’
development of specific design team skills in Columbia’s first year design course and in the
University of Pittsburgh's senior level product realization course. Many of these team skills are
relevant to and highly correlated with entrepreneurial behaviors. This paper addresses how these
innovative, entrepreneurial traits were: a) identified and defined, b) integrated into the students’
learning experience, and c) measured and correlated with team project outcomes.

Engineering educators are focusing more on the identification and integration of competency-
based attributes to ensure that future engineers have the requisite skills to develop and build upon
the steady stream of advanced technological breakthroughs.  There are several reasons for this
new focus in the engineering classroom. A key factor is the dynamic nature of technology in
both the workplace and society. While fundamental scientific and technical knowledge remains
important and necessary, many of the tools and technologies learned in today’s classroom
become obsolete within the early years of an engineering career. One common statement made
by today’s engineering alumni is the need to acquire certain professional skills in order to be
effective in this dynamic workplace.  These include functioning on multidisciplinary teams,
communicating (written, oral and presentations), working with complex, globally based systems
of products and services, and life-long learning.

In attempting to integrate these competency-based attributes into the engineering curriculum,
many colleges and universities have focused on implementing a learning improvement process
that involves clearly defining competencies, strategically linking them to course content, and
measuring the learning outcomes as a result of these interventions. As part of a national group of
researchers, Columbia University and University of Pittsburgh have been experimenting with
multisource assessment and feedback processes as one way to enable the development of these
requisite skills in engineering students.

Multisource assessment and feedback is a formal process that collects critical information on
student competencies and specific behaviors and skills from several sources, including peers, self
and instructors, and presents it to the student in a well-organized format so that he/she can better
understand both his/her personal strengths and areas in need of development. The typical process
involves gathering evaluative information for a target student from two or more rating sources.
In addition, the target student also provides self-ratings that are subsequently compared to ratings
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from the other sources. Once all ratings are completed, the student receives feedback on his/her
behaviors, skills, and performance being assessed. The student then can interpret the results and
decide what actions should be taken to improve specific areas. The current research shows that
these assessment processes not only provide valuable data on learning outcomes, but also can
have an impact on learning itself.  For example, introducing a formal assessment process helps to
reinforce the learning objectives established for a specific course. When students are actively
involved in their own assessment, they are forced to think about their learning in profound ways.
Further, if the process is repeated over the course of a semester or several semesters, both
substantial learning and self-improvement can occur.

The effectiveness of multisource assessment and feedback processes is grounded in two major
theories of human behavior: Control Theory [1] and Goal Setting Theory [2]. Both theories
provide a useful framework for explaining how these assessment and feedback programs affect
the behavior and skill development of participants. First, both view behavior as goal directed.
Second, both suggest that, in order to achieve goals, people need feedback to evaluate their
performance relative to their goals [3].  The two theories share several other key activities,
namely: self-monitoring of behavior; followed by self-evaluation of behavior by comparison to a
standard; and then self-reaction in the form of satisfaction or dissatisfaction, which in turn leads
to further adjustment of behavior and or goal modification [4]. In essence, the theories describe
self-regulatory loops in which feedback becomes the basis for evaluation and subsequent
adjustment.

Additionally, multisource assessment and feedback processes are aligned with current learning
theory and the importance of developing metacognitive strategies that make students’ thinking
and behavior visible during the learning activity.  These processes allow the student to make
learning visible by providing opportunities for assessment, feedback, and revision while training
the student to self-evaluate cognitive activities in the future.

In developing the multisource assessment and feedback process to be used at both institutions,
the basic survey questions were adapted from work conducted under funding from the NSF
Action Agenda Program [5]. One of the major accomplishments from that project was a detailed
specification of each of ABET’s eleven outcomes in terms of their attributes.  This was achieved
by developing a comprehensive set of attributes for each outcome. All outcome attributes sets
were pilot tested and became an integral part of ongoing validation efforts. The framework has
been used by a number of institutions in developing their ABET process; it also has been applied
to evaluate the design projects that form the core of a freshman engineering curricula [6].

At Columbia, the intervention took place in the introductory design course required for all first
year engineering and applied science students. Here students learn how to apply computer
technologies such as advanced three-dimensional graphical and web applications as design tools
over multiple contexts, using a state-of-the-art multimedia, interactive facility. Aligned with the
technical components of the design process, students develop specific professional skills such as
collaboration, communication, problem solving, and project management. A major component of
the course is a team design project that provides students with the opportunity to learn the
generic design process in an experiential manner. During the study’s time period, the project
focused on innovation in the motorcycle industry, requiring the students to identify technical and
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market opportunities, generate an innovative design to respond to these opportunities, model the
design using advanced modeling software, and present the final design to a group of subject
matter experts.

In focusing on entrepreneurial skills and behaviors, specific attributes were selected based on
prior research in effective product design teams and innovative organizations [7]. Appendix 1
illustrates a core set of attributes highly correlated with successful innovation – related outcomes
in organizational settings. These attributes were revised to fit the language and task required for
the course. Using the web-based version of the Team Developer‘ [8 9, 10,11] software students
rated themselves and their teammates on twenty items covering four innovation areas as well as
several other items related to effective product teamwork.  Each student was required to access
the Team Developer‘ on-line and asked to give honest, critical answers about themselves and
their teammates.  Average team members’ (peers) ratings for each individual were then
compared to the individual’s own responses.  Students were encouraged to review these
comparisons and develop a plan for addressing those skills where improvement was indicated.
Additionally, student teams were encouraged to discuss the results among themselves in order to
make changes to team process in support of the design project.

At the end of the course, student teams presented their final designs to a panel of subject matter
experts including course faculty, alumni, and members of Columbia’s science and technology
venture group, who facilitate the University’s patent licensing and other innovation-related
ventures. To assess the team project outcomes, an evaluation rubric was adapted from work
conducted at the University Pittsburgh for a senior capstone design course within their product
realization certification track [12]. As with the original Pitt rubric, the Columbia project
evaluation rubric was based on the specific project requirements. Student project teams and their
designs were rated on multiple components: project objectives, research and design elements,
design quality and innovation, project management, and presentation effectiveness.

The Columbia data was analyzed as follows. First, each student team was ranked according to
the project evaluation rubric ratings. Two ratings were used in the ranking process – the overall
mean of all ratings and the innovation specific ratings. Once ranked, the top and bottom 25
percent project teams, as measured by the ratings became candidates for the final sample. This
sample selection technique is justified by the fact that one of the main objectives of the research
was to test whether or not multisource assessment can differentiate the more innovative student
teams from those demonstrating less innovation. With 53 project teams in the total sample, the
sample size for investigation consisted of 26 teams; 13 lower ranked and 13 higher ranked. This
number of teams was estimated to provide sufficient data to assess whether or not the process
could differentiate between high versus low innovative teams.

Based on preliminary analysis, the data trends in the right direction demonstrating a relationship
between highly innovative teams and high peer ratings on the Team Developer‘ (See Table 1).
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Table 1. Team Behavior and Performance
Scores/Ratings Top 25% Bottom 25%

Team Developer‘ Peer Means 3.90 3.48

Team Project Ratings (All Categories) 4.08* 3.26*

T e a m  P r o j e c t  R a t i n g s
(Innovation Category Only)

4.25* 3.30*

*P< .05

At the University of Pittsburgh, one focus has been on Product Realization (ENGR 1050) an
interdisciplinary course that considers the product development process.  Multidisciplinary teams
of engineering and business students must take a product from concept to manufacturing
prototype.  Each student team may either develop a product design of its own choosing or work
with an industrial partner of the Swanson Center for Product Innovation.  Some funding is
available for students to make conceptual prototypes and mock-ups as part of their business plan
presentation to the panel.

Four approaches have been used in an effort to triangulate the assessments: student course
ratings, group project evaluations using a scoring rubric, concept maps, and multi-source
feedback.  Below is a description of these assessments for a section of the course involving five
student teams.

Course Evaluations - The School of Engineering requires that students evaluate all courses.
Students rate both the course and the instructor on 12 standard items.  An additional set of
statements asks students to assess how the course has improved their abilities on each of the
eleven ABET outcomes.  In addition, students can provide candid open-ended responses about
the course.  A summary report includes a comparison on these items to School means and
quartiles.

As reported in an earlier paper [13], course evaluations indicated that the capstone course
contributed greatly to the students’ abilities in problem solving, design, teamwork and
communication skills.  The average rating for each of the five relevant statements for ENGR
1050 exceeded the 75th percentile rating for all engineering classes taught during that semester.
In total, the relevant ENGR 1050 ratings averaged 4.66 (on a 5 point scale) compared to the
School’s 75th percentile rating of 3.40 – over a full point difference.

Project Evaluation Rubric - A rubric was developed to score the ENGR 1050 projects.  The
rubric considered background of the project/product (scope and general goals); marketability
(customer base, competition and market niche); design (creativity and innovation, evolution,
final design and prototype); production (manufacturability, testing and cost); team presentation
(organization and clarity, use of prototype/models and graphics, and ability to respond to
questions); and overall product value.  Each of its 12 sub-categories was scored as either a 1, 3 or
5 as shown in Figure 1.  A brief description of each level was provided to assist in the rating.
Weights were then assigned to each subcategory in order to arrive at a final score.  A panel of
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judges (both industry-entrepreneurs and academics) evaluated each of the project teams during
the team’s final presentation.

Competition:  determined major competitors and their market share, conducted a gap analysis to
establish how this product would accomplish market needs
1 Point 3 Points 5 Points
Identified major competitors,
but didn’t determine their
specific market share

Determined competitors and
their current market share

Conducted gap analysis on the
competitors and determined
where the group’s product
could fulfill gap

Figure 1: Rubric example - Competition

As show in Table 1, significant, high correlations between individual elements and the overall
project grade (final report, poster and project presentation) were found for five of the elements:

• Goals of the project – did the students meet their short term goals and make long term
considerations?

• Creativity and innovation – is the new product innovative in nature and is the design
creative to appeal to a large portion of the target market?

• Prototype – did the team provide a functional prototype; how could it be operated?
• Organization and clarity of the presentation
• Ability  to answer questions

Table 2: Weighted Rubric Scores vs. Overall Project Grade
Team Project Grade Project Goals Creativity Prototype Organization Answering

Questions
1 88.3 4.0 8.4 8.6 9.7 4.7
2 69.3 2.9 5.1 4.6 6.0 2.9
3 75.4 3.1 6.0 6.6 7.3 3.7
4 82.6 3.6 7.6 8.0 7.6 4.0
5 85.4 3.8 8.3 9.1 7.7 4.1

Multi-source Feedback – Students used the Team Developer‘ to rate themselves and their
teammates on twenty items covering the four core skills - communication, collaboration,
leadership, and decision making.  Average team (peer) ratings of each individual were then
compared to that individual’s responses.  The results of the Team Developer‘ were not used to
in determining students’ grades. Rather, its purpose was to enable students to better understand
their individual strengths and weaknesses as viewed by themselves and their peers (teammates).

Results indicated that, in general, all the teams were perceived to function well.  (See Table 3.)
However, in comparing the results of the Team Developer‘ to the final grade in the course there
was a significant, but weak negative correlation between the peer’s score for a teammate and the
final grade; suggesting that the more critical ratings teams gave to their fellow members, the
better the project outcome as reflected by the team grade.  However, there may have been an
impact on the self and group ratings and the size of the team.  Members of the smaller teams
gave higher scores to their teammates than did members of larger teams. However, the size of the

P
age 8.1253.5



team did not affect the final course grade.  That said these results are very preliminary given the
small sample of teams.

Table 3: Team Developer‘ Scores Vs. Project Grade

Team Project
Grade

Peer Scores Self Scores

1 88.3 4.04 4.18
2 69.3 4.10 4.16
3 75.4 4.17 4.22
4 82.6 3.86 3.82
5 85.4 3.79 3.81

Concept Maps - In addition to the multi-source feedback task, students were asked to develop a
concept map of the problem solving process.  Ideally, the concept map should mimic the
individual’s understanding of the conceptual relations.  Although often difficult to interpret, such
maps can give an accurate representation of the individual’s understanding of the problem area.
Here, students were asked to construct a concept map of the problem solving process.  Students
were asked to familiarize themselves with a set of 26 concepts relating to problem solving, then
organize the concepts on paper and connect their relationships with verbalized linkages.
Students were not required to use all the concepts and were allowed to add addition concepts.
The overall objective of this map activity was to determine if students had a substantial
knowledge and understanding of the problem solving/design process.  To do this, an expert
holistically rated the maps.  Because the concepts were given to the students, the rating focused
on how the linkages were made and how the concepts were organized.  This rating was then
compared to the other methods and the overall grade on the project.

The concept maps were evaluated by two engineering faculty, knowledgeable in both concept
maps and the objectives of the Product Realization course. Maps were graded on a scale from 1
to 3 with additional sensitivity attached to the grade (i.e. 1+ or 3-).  The grade on the map was
based on:

• A central concept or starting point along with a means to complete the diagram,
• A demonstration of proper and complete sequencing of the concepts,
• A demonstration of proper and complete grouping of concepts,
• A demonstration that problem solving has iteration and feedback, and
• An overall demonstration of aesthetics and organization.

Although the students were given the problem solving process concepts, they had trouble
developing sophisticated maps.  In fact, several maps revealed misconceptions about the problem
solving/design process, indicating that more attention needs to be given to this aspect of the
course.  Further, the map scores did not correlate with the project grades or overall grades in the
class.

Conclusion
Based on our limited experience to date, it seems reasonable to conclude that students can learn
and employ entrepreneurial and innovation related skills and behaviors to projects resulting in
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innovative designs and products as evaluated by external evaluators. This paper has described the
efforts of two universities to explore what attributes are required for innovative project
performance, how to introduce these attributes to students, and measure the attributes and
subsequent performance on team projects.

However, much remains to be done.  Our current research will take the assessment of product
realization teams to a higher level.  Specifically, with funding from FIPSE and NSF’s ASA
initiative we will be both developing a methodology for doing behavioral assessments of product
design teams and extending the Team Developer to a more holistic Student Developer which will
include additional assessments from parents, co-op employees, friends, etc.  For the first part –
behavioral assessment – we will develop a sampling methodology that could replace 100%
monitoring of team performance without significant loss of information.  This will be done by
video taping student design teams in a controlled environment and then experimenting with
different sampling plans and methodologies.  For the second part, we will also incorporate a
methodology for dividing students into teams according to various combinations of attributes
that the instructor might select.  These might be discipline area, student attitudes, learning styles,
ethic or gender factors, or completely random assignments.
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Appendix  1
ATTRIBUTE CATEGORIES INDIVIDUAL/TEAM BEHAVIORS

Inquisitiveness Search purposefully for useful new ideas and technologies.
Persistently probe for additional information.
Search for and incorporate diverse points of view.
Seek information from expert sources outside the team.
Continuously experiment with new ways of doing things.

Advocating New Ideas Encourage new ideas from others.
Challenge the status quo.
Take reasonable risks.
Champion new ideas.
Use failures as opportunities to learn.

Collaboration Facilitate and encourage informal relationships.
Encourage constructive conflict.
Downplay status differences.
Communicate openly with people outside functional areas.
Communicate frequently with people outside the team.

Goal-Directedness Work toward specific technological goals and objectives.
Let team objectives guide their work.
Evaluate new ideas and information in relation to established
objectives and core technologies.
Use action plans and timetables to ensure goal attainment.
Actively monitor progress to ensure goals are met.
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