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In order to address complex and multi-disciplinary
world problems, it is necessary to create a diverse engi-
neering work force composed of competent and creative
individuals prepared to meet current and future global
challenges. The entrepreneurial skillset has become in-
creasingly important in this area; the vocational skills that
a student learns can be augmented by an understanding
of how business operates as well as an appreciation that
enterprise skills can be applied within an organization.
Traditional university programs lack the teaching meth-
ods to tumn today’s students into innovative and creative
leaders who can integrate both the engineering and busi-
ness skills necessary to succeed in this technology driven
global economy. The developed curriculum integrates en-
gineering skills with entrepreneurial creativity by placing
engineering and business students on the same projects
in the same physical space to facilitate cross-pollination of
knowledge in a collaborative learning environment to cre-
ate technology savvy entrepreneurs. This paper outlines
the curriculum framework, a discussion of the resources
required, overviews of typical industry projects, a discus-
sion of evaluation criteria, and a discussion of the benefits.

Introduction

“Our world is changing at an accelerated pace and the
boundaries between disciplines are blurring. Under these
dynamic conditions, we face global challenges at a scale
never before seen. The new age of engineering is at the
great intersection of left brain and right brain engineering;
three core concepts will shape the future: whole-brain engi-
neering, collaboration, and balance.”

—Dr. Julio Ottino, Dean of the Robert R. McCormick
School of Engineering and Applied Sciences at Northwest-
ern University

The goal of the program was to transform the way
engineering students leam through the development and
implementation of an interdisciplinary capstone course
that involves heavy interaction with industry to develop
new products and business plans. The design projects
involved the creation of cross-disciplinary design teams
comprised of engineering students, business students,
engineering faculty, business faculty, entrepreneurs, and
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professional engineers. The primary objectives included
increasing student interest and achievement, enhancing
student experience to simulate real world business inter-
actions, stimulating student interest in entrepreneurship
and innovation, and increasing faculty member’s knowl-
edge.

A cross-functional capstone course is well established
in management and business pedagogy, but not as heav-
ily utilized in engineering [Kachra and Schnietz, 2008].
ABET, the primary organization that accredits engineering
programs in the US emphasizes the need for engineer-
ing courses that build teamwaork, communication, and
project based skills. An interdisciplinary capstone course
aids in building and enhancing these skill sets. This paper
provides a framework and the related support structures
required for implementing interdisciplinary engineering
and business capstone projects.

Need Assessment and Background

The strong need exists to enhance and optimize the
current engineering education ecosystem to meet the rap-
idly changing needs of society in an agile and focused way
thatis equally open to all members of society. The entre-
preneurial skillset has become increasingly important in
this area; the vocational skills that a student learns can be
augmented by an understanding of how businesses oper-
ate as well as an appreciation that entrepreneurial skills
can be applied within an organization [Hills and Bull,
2001]. Other research indicates that there is a large ‘gap’
between ‘concept and capital’ [Massie and Massie, 2006];
engineers with an entrepreneurial mindset can close this
gap within an existing research and development infra-
structure or to develop new business ventures.

Engineers are often tasked with creating the next rev-
olutionary device or process, but often times lack know!-
edge and skills to understand the business processes
surrounding the concept. In 2013, a team of engineering
education researchers from the University of Tennessee
focused on the new roles of engineers for technological
innovation and internal entrepreneurship; the team iden-
tified that engineers scored higher on tough-mindedness
and intrinsic motivation; but lower on assertiveness, con-
scientiousness, customer service orientation, emotional

stability, extraversion, image management, optimism, vi-
sionary style, and work drive [Fornaro et al., 2007]. From
analyzing the results of the over 80,000 students in the
2013 study, the researchers’ conclusions were not encour-
aging for the new roles of engineers such as entrepreneur-
ship.

Even if engineering graduates choose not to start a
new business venture, the entrepreneurial skillset is re-
quired within large firms where they often are employed
in R&D; this development is seen most desirable by the
companies today [Brindley et al., 2009]. Recent research
has also concluded that the entrepreneurial skillset will
also allow engineering graduates to move into diverse
fields, such as medicine, law, or business; hence increas-
ing job opportunities, job satisfaction, and overall quality
of life for this group [Engel, 2009]. This program focused
on integrating entrepreneurship and new product de-
velopment education into the current engineering eco-
system. New knowledge was discovered related to how
these skills create more qualified graduates. This program
formed a novel and cross-disciplinary team of faculty,
engineers, entrepreneurs, and lawyers to advance the
understanding of engineering education in a meaningful
and transformative way that can be easily transferred to
other institutions.

Collaborative and Project-Based Learning (PBL) have
been shown to increase individual leamning through co-
construction and personal reflection [Brindley et al.,
2009]. Despite research findings that project-based in-
struction promotes curiosity and improves achievement,
the formal classroom continues to be less than conducive
to developing these needed skillsets for engineering
students at the freshman level [Engel, 2007]. At a time
when accreditation requirements and professional licen-
sure examinations have become the metric for student
achievement at open-enrollment engineering institu-
tions, instructors often focus on narrow objectives leaving
little time to address legitimate student inquiry to build
these skillsets at the early stages on one’s college studies
[Engel, 2009]. As a result, engineering students do not
learn how to explore problems without solutions thereby
limiting their curiosity and development of skills required
by the workplace, including instilling an entrepreneurial
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mindset. Many engineering students who participated in
design activities that nurture collaboration and creativity
hold positive beliefs about their school and own compe-
tence [Patrick, 2008].

Entrepreneurial design projects have not been widely
implemented in the US, but may offer huge promise to
Create the next generation engineers in terms of whole
brain engineering, creativity, and collaboration [Liithje
and Franke, 2003]. If students are to be prepared to meet
current and future challenges, engineering students must
work effectively in teams to assess needs and to co-create
solutions while considering both social and economic
implications [Sunthonkanokpong, 2011]. Thus, from a
value proposition perspective, providing an educational
environment for freshman to senior engineering students
that nurture creativity, collaboration, and entrepreneurial
design is likely to result in positive life-altering conse-
quences. This research will provide the foundation to
better understand and exploit how engineering students

learn in dynamic, cross-disciplinary, and opened-ended
environments.

Curriculum Framework
and Learning Outcomes

Developing the integrated curriculum with all key
stakeholders was a fundamental first step in creating the
senior design capstone projects that combined engineer-
ing and business students. Figure 1 provides a concep-
tual overview of framework for the implementation of the
combined capstone projects.

This framework enhanced industry collaboration as
it provides a systematic approach to establish a common
meetings space, problem resolution guidelines, addresses
technology transfer, and assesses client satisfaction levels.
These efforts have progressed to combine engineering and
business students on the same projects to foster cross-
pollination of skill sets and simulate real world team en-

vironments. Advantages of the combined capstone course
are that it facilitates a deep as opposed to surface learning
and enhances communication skills. As engineers are called
upon to work in cross functional teams, the skills leamed us-
ing this method will place them in a stronger position to be
successful as they move into the workforce upon graduation.

In this paper, the authors draw upon their experience in the

(ollege of Engineering and the College of Business and In-

novation integrating the capstone course and senior design

clinicinto the curriculum.
The learning outcomes for the course were the ABET

a-k Student Learning Outcomes (ABET, 2015):

a) Ability to apply knowledge of mathematics (includ-
ing differential equations and statistics), science and
engineering.

b) Ability to design and conduct experiments, as well as
make measurements on and interpret data.

0 Ability to design a system, component, or process to
meet desired need.

Figure 1: Curriculum Framework
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d) Ability to function on multi-disciplinary teams.

e) Ability to identify, formulate, and solve engineering
problems.

f) Understanding of professional and ethical responsi
bility.

g) Ability to communicate effectively.

h) Broad education necessary to understand the impact
of engineering solutions in a global/societal context.

i) Arecognition of the need for, and an ability to, en
gage in life-long learning.

j) Aknowledge of contemporary issues.

k) Ability to use the techniques, skills and modern engi-
neering tools necessary for engineering practice.

Resource Requirements

Several resource requirements and planning were
needed for the combined senior capstone projects. Faculty
members in both the College of Engineering and the Col-
lege of Business and Innovation were identified and as-
signed to the combined course. Work space was required
for the student teams to meet and build their prototypes.
Industry and entrepreneurial advisors were identified and
assigned to the project team to assist the students in the
design of their prototypes and analysis of their business
plans. Potential projects were identified working with in-
dustry advisors and faculty. Finally, the University’s Tech-
nology Transfer Office was contacted to develop protocols,
processes, and agreements. Typically, one faculty member
serves as Course Director and is in charge of all admin-
istrative aspects of the course, including identifying the
projects to be conducted by the students. Each group is
supervised by a Faculty Advisor (Project Technical Advisor)
and a Client Advisor. The Project Technical Advisor and the
(lient Advisor meet with their groups on a weekly basis.

Resource allocation for the program required strong
commitments from the Deans of the College of Engi-
neering and the College of Business. Often times, the
expenditure of this level of resources often detract from
the success of these programs for two reasons; 1) the ex-
cessive number of faculty involved in the program and 2)
the excessive time commitment for the faculty involved.
The commitment and support from the Deans aided to
minimize these detractions. These types of courses and
programs are extremely valuable to student learmning but
in the current environment, at least the engineering col-
leges, considered inefficient without support from upper
administration.

Administration of the Course

The University of Toledo, through its Department of
Mechanical Engineering (College of Engineering) and
the Department of Management (College of Business)
accelerated the formation of new ventures by developing
an innovative collaboration involving senior mechanical

Table 1: Weekly Schedule

engineering design students and senior students major-
ing in entrepreneurship from the College of Business. This
collaboration involved merging the two senior capstone
courses for each major to create a new combined course.
The course focused on synthesizing engineering and busi-
ness skills with entrepreneurial creativity to transform our
students into creative, innovative, and global leaders who
understand how to capitalize on technological advances
and transform them into business opportunities.

The Senior Design Clinicis a joint collaboration among
the Mechanical Engineering Department Senior Design
students, faculty and industries. As participants in the
dlinic, students work in teams using knowledge gained in
earlier courses to solve real world design, manufacturing
and operational problems relevant to industries. Oral and
written communications with participating companies as
well as teamwork are stressed. Other topics include design
for manufacturing, patents, product liability, safety, ethics,
technical report writing, and presentation skills. Industries
play a major role in the success of this program by provid-
ing an engineering project challenge and technical as well
as financial support. As members of the clinic, the indus-
tries seek and obtain a solution to a specific engineering
project or problem relevant to their organization within
a short time. Secure laboratory space is provided for the
students and clients that is equipped with computers, fax,
phone, hand tools, and dedicated workspace.

The primary purpose of the senior design clinic was to
form a partnership between academic and industry and
enhance their senior design capstone course experience.
Students would take the skills they gamered through
their three or more mandatory cooperative education ex-

periences and use them to perform as a consulting team
during the senior design clinic experience. The clinic was
the administrative and financial side of the academic ex-
perience. Course work was delivered by a faculty member
whereas the consulting activities were administered by
the clinic director. Additionally, students were given pa-
rameters in regards to leadership roles, budgetary prepa-
ration, peer evaluation, travel expenses and reporting and
accountability to their team. All of these expectations pre-
pared the students to enter the work force full time upon
graduation.

Course Schedule and
Weekly Schedule

The course was structured over the 16 week semester
and involved outside quest speakers to deliver technical con-
tent. Table 1 provides an overview of the concepts taught,
requirements, and activities. Teamwork, both leadership
and management, are critical components of the course.
Ulrich, Smallwood, & Zenger, (1999), discuss leadership
functions in terms of engaging customers and stakeholders.
The course also emphasized management functions that
provide the strategies to efficiently implement a project and
that leadership and management are keystones to effective
and efficient implementation of a project.

Phase One Implementation
and Project Examples

During the first semester of implementation in
fall 2013, Phase 1 displayed previously in Figure T was
implemented. Ten teams of eight students were created
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(composed of five engineering students and three busi-
ness students). Each team was assigned one engineer-
ing faculty member and one business faculty member as
faculty advisors, one industry advisor, and one entrepre-
neurial advisor. Sample projects from the first semester of
implementation included:

* The development of a device and procedure to re-
move blood clots;

* A development of a power assisted wheelchair;

* The development a universal device to open jars and
bottles for individuals with disabilities;

* The development of a process to sort post-consumer
plastics for recycling using electromagnetic waves
and ferro fluids; and

* The development of an autonomous flying drone to
detect and fight forest fires.

Each project involved the development of a prototype and
the creation of a business plan over the 16 week semester.

Phase Two Implementation

Phase two implementation during the fall 2014 se-
mester added several new projects combining engineer-
ing and business students related to:

* A development of a hands free umbrella device;

* A development of a portable wheelchair van ramp;

* The development of an organ repositioner for pros-
tate radiation;

* The development of a tablet and drink delivery de-
vice for a quadriplegic; and

* The development of a detachable and foldable at-
tachment for a manual wheelchair.

Technology Transfer
and Intellectual Property

(onsidering that the end result of the project is a
technological project and business plan, students had a
tremendous opportunity to leam about technology trans-
fer and intellectual property. The Design Clinic integrated
this into the course by dedicating one lecture period to
the related issues. A Patent Lawyer from the University’s
Technology Transfer Department provided a presentation
and question/answer session that covered patents, trade-
marks, commercialization, and entrepreneurship. The
Patent Lawyer also discussed the University’s role in tech-
nology transfer, the evaluation of potential ideas using a
standardized process, financial support inside and outside
of the University, and legal aspects associated with work-
ing with an outside client on a new design [Franchetti et
al, 2012].

Typically, three to four projects per semester complete
an invention disclosure and initiate the new product eval-
uation process. To date, one product has been patented
via the senior design projects related to autonomous fly-
ing drone to detect and fight forest fires.

Assessment of Learning Outcomes
and Student’s Perspectives

The main purpose of the assessment phase was to
compare the achievement of learning outcomes from the
previous offering of the capstone course that did not com-
bine engineering and business students versus the new
combined version. For consistency, the same questions and
assessment processes were tilized for both offerings of the
course. Additionally, the same instructor taught both offer-
ings of the course. The achievement of learning outcomes
were assessed via a faculty course assessment report (also
utilized for ABET Student Learning Outcome assessment),
industry partner/client assessment, instructor evaluations of
final products, and student questionnaires.

The faculty course report comparison is displayed in
Table 2. The previous offering of the course had 64 stu-
dents enrolled and the combined offering had 80 stu-
dents enrolled. As displayed in Table 2, average level of
achievement increased from the previous offering to the
combined offering of the course.

Industry partnership and client assessments were also
conducted regarding the quality of the design solution,
teamwaork, and communication. At the final design presen-
tation, the industry partner or client that worked with each
team conducted an interview and review of the final proto-
type with the design team. Table 3 displays a comparison
of the results between the two offerings. The assessments
used the following scale: 1 = poor, 2 = below adequate,
3 = adequate level, 4 = high level, and 5 = excellent. As
displayed Table 3, the level of achievement increased from
the previous offering to the combined offering.

Additionally, instructor evaluations were also con-
ducted to assess the quality of the final prototype, team-
work, and communication based on the following scale:
1= poor, 2 = below adequate, 3 = adequate level, 4 =
high level, and 5 = excellent. Table 4 displays the results.
As displayed Table 4, the level of achievement increased
from the previous offering to the combined offering.

Finally, student questionnaires were also given at the
end of each course to measure the students'perceptions on
the quality of the course based on the following scale: 1=

Table 2: Faculty Course Report Comparison

Table 3: Industry Partner Assessment Comparison

Table 4: Faculty Member Assessment Comparison
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excellent, 2 = high level, 3 = adequate level, 4 = below
adequate, 5 = none or not covered. The overall quality of
the original offering of the course received a mean score
of 2.5 with a standard deviation of 1.9. The combined of-
fering of the course received a 1.7 with a standard devia-
tion of 0.6. Overall, the faculty members and chairs were
satisfied with the results and felt that learing outcomes
were met and the students rated combined offering of the
course at a higher level.

From a qualitative standpoint, feedback from the
students enrolled in the combined offering of the course
regarding the quality of the experience in the course was
also gathered. This section provides firsthand perspec-
tives from several mechanical engineering and business
students that completed the combined capstone course.
These comments were taken from end of the semester
course evaluations.

“| really enjoyed working with the business students; |
learned so much about business plans, market assess-
ments, and meeting customer needs that complemented
my technical knowledge”

“As a business student, the combined class helped me to
better understand technical aspects and prototyping for
new devices; the class also helped me to better communi-
cate with technically oriented engineers and work with a
cross-disciplinary team’”.

“| really liked working with students from non-engineer-
ing fields; they brought in a new prospective and really
made me think about how well our design will meet the
end customer’s needs’”.

Based on feedback from the students, faculty mem-
bers, and course instructors, the engineering students
gained enhanced project management, communication,
and business plan skillsets. The business students gained
insights into managing technical projects and the engi-
neering design process. Several business students and
faculty members commented on gaining an improved
understanding of the rapid prototyping process (3D print-
ing) that will allow them to better evaluate new projects
and development costs.

Conclusions and Future Directions

The combined course integrated engineering skills
with entrepreneurial creativity to facilitate cross-polli-
nation of knowledge in a collaborative learning environ-
ment. The goal was to significantly enhance and connect
the existing engineering capstone design course and the
business capstone course to create new age engineers
and entrepreneurs’ by combining engineering and busi-
ness students. The combined course tested the feasibility
of entrepreneurial design courses to better understand
how it might affect student achievement and leaming
outcomes. Significant potential exists for positive educa-
tional, social, and environmental impacts as demonstrat-

ed by the comparison of the original offering of the course
to the combined offering. From an educational stand-
point, the primary objectives included increased student
interest and achievement, enhanced student experience
to simulate real world business interactions, stimulated
student interest in entrepreneurship and innovation, and
increased instructor's knowledge. The ultimate goal of the
combined course was to address and improve engineer-
ing design and entrepreneurship courses in a boundary-
spanning manner to shift the paradigm regarding how we
educate engineers and prepare them to enter the work-
force.

The complex nature of the design team posed some
challenges during the design phase. The challenges
were somewhat minor and related to team meetings
and communication. Specifically, the challenges in-
cluded finding common meetings times for the busi-
ness/engineering faculty, determining meeting loca-
tions (on the engineering campus or business campus),
and the engineering students using too much technical
jargon. Although “engineering students using too much
technical jargon”is included as a negative aspect of the
program, it could be one of the truly strong positives
to the learning outcomes of the engineering students.
These challenges were overcome by establishing a com-
mon meeting team for each group and creating ‘ground
rules’for communication.

Versus a traditional offering of senior design, the results
of the course that combined engineering and business stu-
dents led to several enhanced outcomes as discussed previ-
ously in the Assessment of Learning Outcomes section. The
engineering students were able to gain a much deeper un-
derstanding of the entire project life cycle from idea genera-
tion, financial planning, and long term sales strategies. Un-
der the traditional model, the engineering students primar-
ily focused on applying math and science to create a single
prototype that would solve a problem. Under the combined
model the engineering students gained a much broader
perspective related to solving a larger scale problem, mass
production planning/costs, and sales strategies. The busi-
ness students were able to gain enhanced technical skills
and the ability to evaluate technical products. The business
students were able to gain firsthand experience related to
prototyping, material/manufacturing costs, and the design
timelines. Both students groups gained valuable experience
working in cross-disciplinary teams and communicating to
collaborators outside of their fields of specialty.

Future directions for the course relate to implement-
ing Phases 2 and 3 displayed earlier in Figure 1. Ten pilot
projects were conducted in the fall 2013 and 15 conduct-
edinfall 2014.

Through Phases 1and 2, the team will examine sev-
eral related research questions throughout the project,
which will contribute to the relatively scant literature base
on integrated entrepreneurial courses. This project will
seek to answer three fundamental questions:

1. Is the combined engineering/business program ac-
complishing its goals?

2. Is the combined engineering/business program a
good way to encourage engineering departments to
update their programs to incorporate new teaching
methods?

3. Is the combined engineering/business program suc-
cessful at providing a better engineering education
for students?

Based on the assessment of learning outcomes dis-
cussed earlier, a preliminary review of these fundamental
questions indicates that the combined course is accom-
plishing the established goals and these new methods
provide a better education for engineering students.

The successful implementation of Phase 1 provided
insight into the benefits of integrated senior capstone
courses. By implementing and analyzing Phases 2 and 3,
the faculty team will be able to push the boundaries of in-
tegrated capstone courses, answer the research questions,
and generate new information to enhance student learn-
ing outcomes. Additionally, future projects will include
Chemical Engineering, Electrical Engineering, Biotechnical
Engineering, Aeronautical Engineering and Physics Engi-
neering; making the program truly multidisciplinary.
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