Industry Engagement versus Faculty Mentorship in Engineering
Senior Capstone Design Courses
Abstract:
The senior design capstone course is an important experience for engineering undergraduate
students. This course prepares students for industry by having students solve open-ended realworld problems. During the course, a student team defines a problem, plans an approach,
develops a solution, and validates their solution, which culminates in oral and written
dissemination. Typically, undergraduate programs have provided students with faculty
mentors to develop a solution for a specific project. In order for projects and teams to be
successful, the mentors must provide invaluable support, collaboration, and interest in the
success of the project. However, these mentors do not always identify appropriate projects
that meet ABET guidelines, as this can be difficult without support from industry sponsors
and other outside mentorship.
The purpose of this study is to examine whether industry sponsorship versus facult y
mentorship based projects provide adequate support for senior capstone student teams. To this
end, the following research questions are posed: 1) what are the differences between
mentorship guidance, availability, and student success in senior capstone courses for projects
that are led by industry sponsors versus faculty mentors? 2) How do the identification of
projects in industry sponsored versus faculty mentored projects align with ABET guidelines?
In a highest-research level R1 university, 147 undergraduate seniors in biomedical
engineering and materials science programs were placed in teams of 5-6 students and assigned
to either industry sponsored or faculty mentored projects. Out of these projects, 19 teams were
assigned to faculty mentored projects and 11 teams were assigned to industry sponsored
projects. A student survey was provided to assess the level of meeting availability for
guidance, equipment and fabrication support, as well as level of support provided by the
mentors. In addition, a mentor survey was used to assess whether the industry and faculty
sponsors utilized ABET guidelines that are typically assessed during a senior design course. It
was found from the student surveys that both industry and faculty mentors provided adequate
availability for guidance, and fabrication and support throughout the project. However,
meeting availability and guidance of direction on their project was lower in students with
industry mentors compared to faculty mentors. Furthermore, the instructional team of
capstone courses should help further design industry mentored projects to include more open ended problems and incorporate broader design constraints, as these ABET requirements were
not as well met in industry mentored projects. Despite these shortcomings, the industry
sponsored projects and mentors provided adequate guidance and preparation of sills for
students, and should be incorporated in engineering capstone courses.
Introduction:
The senior design capstone course is an important experience for engineering undergraduate
students. This course prepares students for industry by having students solve open-ended realworld problems1. In particular, the senior capstone course involves solving problems posed

from industry and faculty rather than “made up” projects 2,3 to allow for real-world situations
experienced post degree. These problems typically require simulations using controlled realworld situations designed to meet specific learning objectives, or prototyping in a real-world
environment2 in which students are exposed to real situations with open-ended projects. The
design problems posed to the students allow for the practical side of engineering design to be
taught in the engineering curriculum of a university, as it culminates the students’ learning in
a final hands-on project2.
The traditional engineering capstone course provides students with these real-world problems
by working with an advisor from the field through an apprenticeship 4. These advisors can be
industry representatives, entrepreneurs, physicians, faculty members, or other professionals in
the field. This client-advisor mentorship provides students with the opportunity for situated
learning in which they can apply their skills and knowledge towards a robust understanding of
what is means to be an engineer 4. Furthermore, it allows students to be able to become
exposed to the professional community and understand how research, industry, and
entrepreneurs solve problems or needs within their field of practice. However, it is unclear
whether the industry and entrepreneurial professionals versus faculty mentors or other
mentors in academia (e.g. physicians, technicians, or graduate students) provide adequate
training and support for student teams to be able to contextualize a problem or need and learn
how to develop and disseminate an innovative solution. The purpose of this study is to
examine the level of support given to engineering capstone student teams from different
mentor types: industry professional mentors versus academic faculty mentors.
Related Work:
During the capstone course, a student team defines a problem, plans an approach, develops a
solution to the problem, and validates their solution, which is disseminated either or both
through oral and/or written communication4. These activities are typically conducted over one
or two semesters, although future work is required to understand which duration is most
beneficial for learning outcomes and available resources 5. Furthermore, the activities
performed throughout the capstone course are designed to promote soft and hard skills that are
rarely taught in the traditional engineering courses 6.
In order to promote the above soft skills throughout the capstone course, students are often
required to work in teams on a real-world project. Previous research has found that the team
size has a significant effect on learning performance7. For example, in a study conducted by
Chou and Chang7, it was found that smaller groups (≤ 4 students) led to higher satisfaction of
knowledge acquisition, performances, and skill development. Furthermore, small group sizes
have been found as more beneficial for promoting student learning in other studies5, so most
capstone team sizes across universities limit team sizes to ≤ 6 students8. By limiting the size
of the teams, problems such as free-riding, social loafing, and conformity 5, 9, 10, 11 can be
avoided during the student learning experience. However, smaller team sizes can lead to
increased resource requirements to manage teams and provide sufficient expertise, guidance,
and cost for prototyping and testing 5.

Due to ABET’s emphasis on providing an open-ended course that culminates in using
students’ knowledge from their other courses 12, undergraduate engineering programs have
focused on providing students with real-world open-ended engineering problems. Typically,
senior design courses focus on the following ABET guidelines: 1) promote the development
of student creativity, 2) use open-ended problems, 3) use design methodology, 4) incorporate
the formulation of design statements and specifications, 4) provide opportunities to evaluate
alternative solutions, 6) allow students to evaluate design feasibility, and 7) provide
opportunities to consider economic factors, safety, reliability, aesthetics, ethics, and social
impact. In addition, General Criterion 4 requires that a student participate in a major design
experience12. In addition, in ABET’s General Criterion 3, student outcome (2) requires that
students demonstrate “an ability to apply engineering design to produce solutions that meet
specified needs with consideration of public health, safety, and welfare, as well as global,
cultural, social, environmental, and economic factors”12. General Criterion 5 also states that
“students must be prepared for engineering practice through a curriculum culminating in a
major design experience based on the knowledge and skills acquired in earlier course work
and incorporating appropriate engineering standards and multiple realistic constraints” 12. In
particular, Table 1 describes ABET student outcomes that are promoted during the
engineering senior capstone course. It can be noted from the table that most capstone courses
attempt to meet all student outcomes associated with ABET Criterion 3 through open -ended
projects and different forms of dissemination (e.g. presentations, reports, posters) 4.
Table 1: ABET student outcomes from Criteria 3 promoted during the engineering senior
capstone course13.
Student
Outcome
1
2

3
4

5

6
7

Description
An ability to identify, formulate, and solve complex engineering problems
by applying principles of engineering, science, and mathematics
An ability to apply engineering design to produce solutions that meet
specified needs with consideration of public health, safety, and welfare, as
well as global, cultural, social, environmental, and economic factors
An ability to communicate effectively with a range of audiences
An ability to recognize ethical and professional responsibilities in
engineering situations and make informed judgments, which must consider
the impact of engineering solutions in global, economic, environmental, and
societal contexts
An ability to function effectively on a team whose members together
provide leadership, create a collaborative and inclusive environment,
establish goals, plan tasks, and meet objectives
An ability to develop and conduct appropriate experimentation, analyze and
interpret data, and use engineering judgment to draw conclusions
An ability to acquire and apply new knowledge as needed, using appropriate
learning strategies

Due to the above several requirements among ABET student outcomes, senior engineering
capstone projects must be carefully selected such that there is an appropriate level of
challenges that are feasible to complete by a team of undergraduate students within the
constraints of the course and university resources available while promoting student
engagement and motivation 14. This can be challenging, however, as faculty, staff, and outside
industries must provide effective promotion of student engagement as well as appropriate
resources that are accessible to students. Accessible resources include adequate access, space,
and training in prototyping equipment, testing equipment, and software5.
Undergraduate programs have typically provided students with faculty mentors to develop a
specific project related to their research or interests. In order for projects and teams to be
successful, these mentors must provide invaluable support, physical and simulation resources,
collaboration, and interest in the success of the project 15,16. However, these mentors do not
always identify appropriate projects that meet ABET guidelines 14, as this can be difficult
without support from industry sponsors and other outside mentorship. As a result, this study
examines the use of industry-sponsored mentors and projects and compares the differences in
mentorship guidance and student success thus far in the course. The study also examines
whether faculty versus industry-sponsored mentors and projects meet the required ABET
criteria for senior engineering capstone courses12.
Objective:
The purpose of this study is to examine whether the addition of industry sponsorship versus
faculty mentorship based projects provide adequate support for senior capstone student teams.
To this end, the following research questions are posed:
1) What are the differences between mentorship guidance, availability, and student success in
senior capstone courses for projects that are led by industry sponsors versus faculty mentors?
2) How do the identification of projects in industry sponsored versus faculty mentored
projects align with ABET guidelines?
Methods:
Senior Capstone Course Structure
In a highest-research level (R1) university, 147 undergraduate seniors in biomedical
engineering and materials science programs underwent a 9-month senior capstone program17
in which they were assigned either industry sponsored or faculty mentored projects. The
course provided three-hour lectures per week to help students understand the necessary course
learning outcomes associated with developing medical devices (Table 2). In particular, these
course learning outcomes focused on both the soft and technical skills required for medical
device development, including: 1) design strategies, techniques, tools, and protocols
commonly encountered in biomedical engineering, 2) ethics, safety, failure models 3)
economic analysis, new products and the patent process, and 4) Food and Drug
Administration (FDA) product approval. In addition, students were provided with industry or
faculty mentorship through meetings with their mentors throughout the course, as well as

supplemental meetings with the instructional team. The instructional team consisted of three
graduate student teaching assistants and three course instructors. The graduate student
researchers had degrees in biomedical engineering, materials science, and chemical
engineering. The course instructors also had varying degrees and fields of practice, including
a full tenured biomedical engineering professor with a joint appointment in chemical and
biomolecular engineering, an assistant professor of teaching in biomedical engineering, and a
lecturer in materials science. The full professor is a serial entrepreneur, with over six
companies, while the assistant teaching professor is an expert in engineering design and
education, and the lecturer is a professional working in industry. These broad skills and
expertise have allowed the professors to provide insights into entrepreneurship, academia, and
industry, which highlight the various potential career opportunities the engineering students
will engage in upon graduation.
Table 2: Course learning outcomes and corresponding ABET outcome mapping of the senior
capstone program.
No.
1
2
3
4
5
6
7

8
9
10
11
12

ABET
Course Learning Outcome
Outcomes13
5
Demonstrate leadership and teamwork skills in a project team
environment.
6
List and define the various steps in bringing a biomedical product from
concept to market.
5
Identify the realistic constraints of the team project.
5
Identify and assess challenges in each of the steps.
2
Articulate the impacts of the project in a global, economic,
environmental and societal context.
6
Design and conduct experiments to verify team projects requirements.
1
Use knowledge in mathematics, statistics, biological sciences, physical
sciences, and engineering to solve the problems at the interface of
engineering and biology whenever required.
2
Use the appropriate computer tools to design, model, simulate, and/or
operate, the team projects.
7
Apply engineering principles and practices to meet the challenges.
3
Demonstrate oral communication skills in presenting team projects.
Establish initial contacts with major local BME companies.
4
Demonstrate knowledge of contemporary issues related to biomedical
engineering.

During fall quarter, students attended several lectures that introduced them to the design
process, FDA approval process, and the commercialization process 17. These lectures were
supplemented with several homework assignments that allowed students to identify the unmet
clinical need given their project, brainstorm potential solutions to their given real-world
problem, and identify a design plan with consideration of FDA requirements and engineering
standards. In addition, prior to forming teams in the beginning of the program, students
attended lectures that focused on the science of team formation and cohesion. Through the use

of team assessments (Target Training International Indigo Assessment 18), students were able
to identify internal behaviors, motivators, professional skills, and social emotional perceptions
that align with other potential teammates. Once students were able to choose a team of 5-6
members that best fit their internal behaviors as well as external technical skills and fields of
interests with guidance from the instructional team, they were able to use the team
assessments and team science training to identify the team leader. This resulted in
multidisciplinary teams that were assigned to either industry sponsored or faculty mentored
projects based on team interest. Out of these projects, 19 student teams were assigned to
faculty-mentored projects and 11 student teams were assigned to industry-sponsored projects.
Following a document of course roles and expectations, industry and faculty mentors were
asked provide technical guidance, suggest milestones, and suggest additional skills and tools
students would require to complete their project. In particular, they were asked to meet with
the student team to provide weekly feedback given their schedule. Given their scientific,
medical, and engineering expertise, they were also asked to discuss specialized skills and how
they are performed, and demonstrate tools that students may not be aware of. In order to
improve team cohesion and overall progress of the project, mentors were also asked to
monitor student performance, relevance of work, progress, team and leadership skills, as well
as communication among the team. Through monthly feedback reports, they provided
communication feedback to the instructional team about the team’s progress.
Once student teams and mentors were assigned, students focused on addressing clinical need,
FDA and technical documentation, project planning and definition, and possible design
solutions during the fall quarter. Once an initial design was chosen by the end of fall quarter,
the students then focused on implementing the chosen design during the winter quarter. In
class lectures, activities, and assignments focused on the design and redesign process, and
preparatory skills required or spring quarter such as a business model, prototype verificati on
and validation, and assessing potential failure modes. To provide support to the teams during
the redesign process, the instructional team met with the student teams regularly to assess
their performance and advice for project completion. This instructional team feedback assisted
students with maintaining open communication across all stakeholders of the project, as well
as technical and resource guidance.
The spring quarter of the program concentrated on finalization and validation of their working
prototypes with consideration of FDA and engineering standards, as well as public health,
safety, and welfare, as well as global, cultural, social, environmental, and economic factors
(ABET Criteria 3, Table 1). Professional skills were also emphasized, as students were
required to present, create poster, and elevator pitches in a variety of engineering and business
venues. Specifically, students submitted business plans to various competitions (e.g. DEBUT
business competition by VentureWell, University of California Irvine (UCI) Center for
Innovation and Entrepreneurship New Venture Competition), undergraduate engineering
conference (Undergraduate Research Opportunities Program Symposium), and a final awards
symposium. The final awards symposium allowed students to present their working
prototypes, final design posters, and disseminate their projects through a two-minute elevator

pitch to an outside board of faculty, physicians, industry sponsors, inventors, and
entrepreneurs who were not involved in the project. At the symposium, students competed for
a fellowship to continue commercialization of their product as well as design awards for best
engineering designs and prototypes.
By the end of the course, students disseminated their project and finding through a written
final report, presentation to industry representatives, faculty, and a general audience, as well
as a poster session that is disseminated to the school of engineering. For the final report, the
student groups submit full engineering and business documentation the course learning
outcomes described in Table 2 that are directly related to ABET’s Criterion 3 student
outcomes13 (Table 1).
Mentor and Student Surveys
A student survey presented during the course was provided as part of an assignment to assess
the level of meeting availability for guidance, equipment and fabrication support, as well as
level of student support provided by the mentors as perceived by the student teams. In
addition, a mentor survey was presented to assess whether the industry and faculty sponsors
utilized the following ABET guidelines: 1) promote the development of student creativity, 2)
use open-ended problems, 3) use design methodology, 4) incorporate the formulation of
design statements and specifications, 4) provide opportunities to evaluate altern ative
solutions, 6) allow students to evaluate design feasibility, and 7) provide opportunities to
consider economic factors, safety, reliability, aesthetics, ethics, and social impact 12. All
students and mentors that participated in the surveys were provided with informed consent
(UCI IRB Approval Number: 2018-4211).
It is hypothesized that the faculty and industry mentors have difference in availability and
desired outcomes regarding student success (research question 1 in the Objectives section
above), and may not all consider ABET’s guidelines when mentoring their student teams. For
instance, it can be hypothesized that the industry sponsors may have had less availability to
meet with teams to provide guidance due to their professional responsibilities, while faculty
mentors may not have had as much access to available prototyping and equipment for
validation of their student projects. To identify whether mentors are considering ABET’s
guidelines, the following questions were posed in the mentor survey:
1) Please rate your current project given the following ABET learning outcomes:
a. Promotes the development of student creativity
b. Uses open-ended problems
c. Uses design methodology
d. Incorporates the formulation of design statements and specifications
e. Provides opportunities to evaluate alternative solutions
f. Allows students to evaluate design feasibility
g. Provides opportunities to consider economic factors, safety, reliability,
aesthetics, ethics, and social impact
2) My team and I have considered the following throughout the design process:

a.
b.
c.
d.
e.
f.
g.
h.
i.
j.
k.
l.
m.
n.
o.

Principles of engineering
Principles of science
Principles of mathematics
Public health design constraints
Safety and welfare design constraints
Global design constraints
Social and cultural design constraints
Environmental design constraints
Economic design constraints
Manufacturability design constraints
Ergonomics design constraints
Ethical design constraints
Appropriate experimentation
Appropriate engineering standards
Appropriate FDA standards.

To elucidate mentorship guidance, availability, and assistance with student success in the
capstone course, the following questions were posed in the student survey:
1) My mentor is a: faculty mentor or industry representative.
2) How frequency does your mentor meet with the team (weekly, bi-weekly, monthly, or
infrequently)?
3) How well does your mentor provide adequate guidance on the direction of the project?
4) Is your mentor regularly available for guidance?
5) Does your mentor provide adequate equipment and fabrication support?
6) What positive, negative, or other comments do you have regarding your mentor and
their guidance throughout the program thus far?
Qualitative and Quantitative Analyses
Both qualitative and quantitative analyses was performed to assess the above research
questions, and elucidate the challenges and advantages of industry sponsored versus faculty
sponsored support of student teams. The quantitative statistical analyses were performed on
the student survey to identify differences in survey responses for those with industry
representative mentors and faculty mentors. Analyses were performed using the open source
programming environment R and the stats package 19, as well as the MatLab statistical
processing toolbox (MathWorks, Natick, MA). Questions three through five of the student
survey also utilized a 5-point Likert scale of strongly disagree, disagree, neither agree nor
disagree, agree, or strongly agree to be able to perform quantitative analyses given their
mentor type. Given the Likert of the student and mentor surveys, quantitative analysis of the
surveys utilized a Wilcoxon rank sum test, as the distribution of responses had a Poisson
distribution and thus cannot assume sample independence (see Figure 1 below in the Results
section). The Wilcoxon rank sum test is a non-parametric method of the paired Student’s ttest20. For the categorical responses, an independent samples t-test was utilized to compare
student and mentor responses across faculty and industry mentors.

For the mentor survey, question 2 used a 5-point Likert scale of never, little, somewhat, much,
and a great deal, while question 3 utilized a categorical response of yes or no. These responses
were compared across faculty and industry mentor responses using the Wilcoxon rank sum
test, as described above. Finally, qualitative analyses was performed using question 5 of the
student survey where students were asked to provide additional positive and negative
comments regarding their mentor’s guidance thus far in the senior capstone program.
Results:
Student Survey Results
It was found that 61.4% of the 145 students who took the class completed the student survey
(N = 89). The demographic data of the course is presented in Table 3 below, as students who
responded to the survey were not required to submit demographic information to maintain
confidentiality and openness of their responses. It can be noted that the majority of students
were either biomedical engineering or materials science engineering majors, as the senior
design course was required for these majors. Of the survey respondents, 36 students had
industry representatives as their mentors and 53 students had faculty mentors.
Table 3: Demographics of the study participants who complete the student online survey.
Low Income
First Generation
International
Transfer
Major

Number of Students: 145
26%
34%
13%
26%
Biomedical
Materials Science
Engineering
Engineering
73%
24%

Other
2.8%

Prior to performing quantitative analyses, the student survey response distribution was
analyzed to determine the appropriate statistical analysis method. As seen in Figure 1 below,
the student survey responses had a Poisson distribution type; thus, the non-parametric
Wilcoxon rank sum test was performed. This is due to the majority of students found that their
mentors provided adequate meeting availability, guidance on direction, were regularly
available for guidance, and provided adequate fabrication and support regardless of their
mentor type.

Figure 1: Distribution of the student survey responses: a) frequency of mentor meetings, b)
adequacy of providing guidance on the direction of the project, c) availability for guidance, d)
adequacy of equipment and fabrication support.
Using the Wilcoxon rank sum test, it was found that there was no significant different
between student responses based on their mentor type (significance level: 0.05). This is
expected, as the majority of students found that both types of mentors provided adequate
meeting time, guidance on direction and availability for guidance, as well as fabrication and
equipment support. However, as seen in Figure 1 above, it can be noted that based on the
percentages student responses (normalized by the number of student responses per mentor
type), more students found that faculty mentors met with their student team more regularly
than those students who had industry mentors. In addition, a higher percentage of students
who had faculty mentors as their sponsors believed that their mentors provided adequate
guidance on the direction of the project and were more available for guidance. Conversely,
those groups who had an industry representative as their mentor, a higher percentage of
believed that their mentor did not provide an adequate level of availability or direction for
guidance on their capstone project. Finally, student groups with faculty mentors also felt that
they had a stronger level of support in regards of equipment and fabrication resources than
those groups who had an industry mentor (Figure 1).
After qualitatively assessing the student survey results, the majority of comments from the
student responses were positive regardless of the mentor type. For instance, positive
comments from those with industry mentors are included in Table 4 below. The positive

comments from those with faculty mentors also highlights the adequate level of guidance for
student teams (Table 4). In addition, many positive comments were made regarding the
availability for consistent meetings for feedback and additional resources. However, some
students mentioned that although that their industry mentor provided adequate guidance, they
had limited availability for feedback or provided unclear milestones (Table 4).
Table 4: Positive and negative comments from the student survey results of the industry and .
Industry Mentor Positive Comments:
XXXX has been an invaluable resource and mentor helping guide young engineers to the
correct ways to develop medical devices based on extensive research-based clinical needs.
He asks hard questions, not to belittle us, but to empower us to better understand and
question the status quo. You cannot pay for the quality one on one time we have received
and are extremely grateful for the opportunity to work with him.
XXXX provide guidance regarding the project as well as their experience in the
professional engineering world. Both are invaluable to our team's growth as engineers.
Faculty Mentor Positive Comments:
Our engineering mentor is great at communicating with the team and making suggestions
to fixing problems we run into. She also provides us with additional sources that could be
helpful in the prototyping process.
XXX has been guiding us perfectly so far. She has helped us both communicate and
organize effectively. Our mentor meetings are scheduled for once a week and are quite
constructive/
Industry Mentor Negative Comments:
The only issue is we have not had regular meetings with them and thus there is a large gap
in communication between our team and the mentors.
XXXX is very well-versed in the neurovascular space, and provides us with excellent
feedback on our design conceptions. However, I feel that we were not given clear direction
on the scope and ask of the project.
Mentor Survey Results
For the mentor surveys, 64.3% of the 28 mentors completed the mentor survey (N = 9
industry mentors, and N = 9 faculty mentors). Similar to the distributions of the responses to
the Likert questions in the student surveys, the mentor survey responses also had a Poisson
distribution, as the majority of mentors believed that their project met most of the ABET
learning outcomes “a great deal” (see the Qualitative and Quantitative Analyses in the
Methods section above). After performing the Wilcoxon rank sum test, it was found that there
was no statistical differences between mentor responses and their consideration of ABET
learning outcomes throughout the capstone course. However, as seen in Figure 2 below, it can
be noted that one faculty mentor reported that their project did not use open-ended problems.
Furthermore, four industry mentors reported that their project either did not use open-ended
problems, incorporate the formulation of design statements and specifications, provide
opportunities to evaluate alternative solutions, or provide opportunities to consider economic
factors, safety, reliability, aesthetics, ethics, and social impact. Although not statistically

significant when compared to the responses by faculty mentors, it is concerning as these
learning outcomes of are particular importance for engineering capstone course projects.
In addition to analyzing the level of ABET learning outcomes across mentors (Figure 2), the
considerations of engineering, math, and science principles, various design constraints,
appropriate experimentation, and appropriate standards were also analyzed using categorical
responses (Figure 3). It was found that even though there was no statistical significant difference
across faculty and mentor responses (p < 0.05), more industry mentors (> 3 mentor responses)
reported that they did not consider: 1) global design constraints, 2) social and cultural design
constraints, 3) environmental design constraints, and 4) ethical design constraints. These
constraints are not always considered in a medical device design, particularly depending on the
specific application of the device or problem. Conversely, although industry mentors reported
that they did not consider these constraints in their project, the majority of faculty mentors did
consider them, as only three faculty mentors stated that they did not consider global design
constraints, social and cultural design constraints, and ergonomics design constraints.

Figure 2: Comparison of faculty and industry mentor responses to rating their project to
current ABET learning outcomes.

Figure 3: Comparison of mentor responses to consider various principles, design constraints,
ethics, experimentation, and standards.
Discussion:
It can be seen from the student survey results that both faculty and industry mentors provided
adequate levels of support in terms of meeting availability, guidance on direction, availability
for guidance, and adequate fabrication and support (Figure 1). This suggests that industry
mentors are adequate mentors in providing direction and guidance on a project despite their
ongoing company responsibilities. However, a higher percentage of students with industry
mentors believed that they did not receive adequate meeting availability and specific guidance
on their project throughout the course. This may be due to their physical location and outside
work requirements, resulting in less frequent meetings and a lower level of guidance. Despite
these findings, these positive results suggest that industry mentors can provide similar levels
of support, resources, and collaborations that can lead to successful projects. The “success” of
the project was defined as using the appropriate engineering steps to develop and validate a
physical prototype with proper written and oral dissemination, as described by the course
learning outcomes in Table 2.
Concerning meeting appropriate ABET guidelines 12, it was found from the mentor survey
results that faculty mentors utilized more open-ended problems to define their project than
industry mentors (Figure 2). This is an important finding, as it suggests that industry mentors
should be advised to incorporate more open-ended problems in their project definitions for
students to be able to understand how to use engineering design and knowledge to solve
problems that may not have a “correct” solution. This is a critical aspect of their senior
capstone course, as ABET’s emphasizes an open-ended course that culminates in using
students’ knowledge from their other courses 8. Furthermore, it was found that several industry

mentors did not consider incorporation of design statements and specifications, provide
opportunities to consider other factors of design constraints beyond engineering design
constraints (e.g. economic factors, safety, reliability, aesthetics, ethics, or social impact), or
opportunities to evaluate alternative solutions (Figure 3). These ABET learning outcomes are
important as students enter the workforce, as they are not typically learned during other
coursework. It is recommended that industry mentored projects should be designed to allow
for more open-ended problems that incorporate design constraints beyond engineering
constraints. Projects that incorporate a wide variety of constraints using broader applications
will allow students to explore alternative solutions that meet a wider market potential.
Conclusion:
It was found from the student surveys and performances of the student projects that both
industry and faculty mentors provided adequate availability for guidance, and fabrication and
support throughout the project. However, meeting availability and guidance of direction on
their project was lower in students with industry mentors compared to faculty mentors,
suggesting that the instructional team should more regularly encourage consistent meetings
and clear direction during the project. Furthermore, the instructional team of capstone courses
should help further design industry mentored projects to include more open-ended problems
and incorporate broader design constraints, as these ABET requirements were not as well met
in industry mentored project compared to faculty mentored projects. Despite these findings,
the industry sponsored projects and mentors provided adequate guidance and preparation of
sills for engineering students in the capstone course.
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