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Expansion of the Capstone from One to Two Quarters
Abstract
The Engineering & Design Department at Eastern Washington University (EWU) has
traditionally taught the Senior Capstone course for the Mechanical Engineering (ME) and
Mechanical Engineering Technology (MET) in a single 10-week quarter. Traditionally the
course was more of a production run where students are required to design and produce a total of
15 fully functioning products. This was a good approach to the course when the students were a
mix of MET and applied technology students. When the ME degree was added to the program in
2010, the course shifted more to a research and development focus than production. It requires
one single functioning prototype instead of 15, and has ME and MET students working together
since a separate capstone course was created for the applied technology students. This has
definitely increased the complexity of the projects and made it easier to reach out to assist local
industry. In order to successfully complete these projects, students must spend a lot of time on
research and design before they begin building their working prototype. This was not the case
when the course was more of a production run.
While it was possible to run the course as a one quarter as a production run, it is much more
challenging to do so for a research and development one. Time constraints on parts availability
and shipping, availability of the sponsoring party (if any), availability of some off campus
facilities, the need for training etc., proved to be considerable when the course was run in the
Spring of 2013. The successful projects were those that got started a quarter earlier (due to the
initiative of the students themselves) while those that waited till the beginning of the spring
quarter were under a lot of pressure and were not as successful. This led the faculty members to
consider making the capstone course a sequence of two courses over two quarters instead of just
one. This paper examines the factors that make a project successful through a careful
examination of a couple of successful ones (that had started in the Winter quarter) and a couple
of not so successful ones. The fact that some students took the initiative to start a whole quarter
earlier allowed a pilot run. Faculty met regularly with the students and provided all the support
needed. The authors came to the conclusion that the single quarter, 7-contact hour course is not
sufficient and does not provide enough time to properly conduct research, design, order the
necessary parts, get the adequate training (when needed)and test the product. This course needs
to be changed, starting the academic year 2013-2014, into a two quarter, 8-contact hour course
sequence.
Background
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EWU is a regional university located in the eastern part of Washington. It has been offering a BS
in Mechanical Engineering Technology for many years and has recently started offering a BS in
Mechanical Engineering. Over the past two decades, more and more engineering and engineering
technology programs have a required senior capstone course as part of their curriculum. The
capstone course is a project-based course whose primary objective is to complete a large project,
where students learn in the process and are evaluated based on their qualitative and quantitative
contribution1. Before the addition of the BS in Mechanical Engineering in 2010, the capstone
project was more of a production run than a research one. This is because the students enrolled in

the MET program are typically the hands-on type. The project consisted of designing a prototype
and producing 25 pieces, the number dropped down to 15 after a few years and remained so until
2009. The teams also included some construction management students. Typical projects
included solar ovens, composite skateboards, and even a working sterling engine that functions
off the heat of a hot cup of water. The project was done during one quarter (ten weeks) from start
to finish. The focus was more on the production and not so much the research. Most of the effort
went towards organizing the production runs as well as a focus on quality control of the 15 or 25
pieces required. While successful, these types of projects seem to be lacking the research
component, but given the mathematical background of the students, it was the appropriate
choice.
Since the addition of the ME degree in 2010, an effort was made to shift the focus from a
production run course to more of a research oriented one, and this for both the MET and ME
degrees. The teams are chosen as a mix of ME and MET students, each having slightly different,
but complementary set of skills. Instead of 15 pieces, the students are required to create one
working prototype or even a solid proof of concept depending on the project. However the
project is usually much more complex from a technical point of view and the amount of
background research much more involved. The program was run for the MET students one year
before the creation of the ME program as a pilot program. The responses from the students were
positive and the course rather successful. The same was done after the creation of the ME
program and in addition the students were encouraged to seek industry sponsored projects. While
some projects were successful, others were not as much2. The main challenge encountered was
the lack of time, ten weeks seems to be short especially when one takes into account the response
time from the company or sponsor and the time needed to ship or obtain necessary parts or
services. Even when the project is not sponsored the time allocated is not sufficient and the
students do not have enough time to perform research and execute the project. After consulting
with the ME/MET department’s IAC (Industrial Advisory Council), it was determined that the
capstone course is to be offered over a two quarter period (2 credits in the winter and 3 in the
spring) as opposed to a single 4 credit one. The IAC, a committee made out of representatives
from the local industries, meets semiannually with the ME and MET faculty to discuss any
pertinent issue including curriculum development and project collaboration. This change was
implemented in the 2013-2014 academic year.
Literature Review
Engineering capstone design experiences in US universities over the past couple of decades have
shifted gradually to multi-course durations. Figures 1 and 2 below present data from three
national surveys on the duration of engineering capstone courses. The earliest survey by Todd et
al.3, the first known survey of this kind, showed more one-semester capstones than two-semester
ones, but more multi-quarter capstones over those lasting a single quarter. When looking at the
data overall, and differentiating as either multi- or single-term (semester or quarter), the split was
nearly equal. A decade later, studies by McKenzie et al.4 and Howe5 both showed more
capstones spanning two terms over single terms. The results from these later studies are similar,
showing multi-term capstones were more common at approximately a 2 or 2.5-to-1 margin.
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Figure 1 Distribution of engineering capstone course durations as reported from three national
surveys from 1995 to 2007.
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Figure 2 Distribution of engineering capstone course durations as reported from three national
surveys from 1995 to 2007 presented as either single or multiple academic terms.
McKenzie4 conjectured the shift to longer duration capstones was rooted partly in ABET
changes over this time period. He stated that earlier ABET criteria required only conceptual
design effort in capstones while later changes to the criteria required further prototype testing
and design verification, for a more involved capstone experience. Dutson et al.6 had also
discussed this content-duration issue based on a review of the literature in 1997, in which they
expounded briefly on the implications of capstone duration stating “…construction and testing of
prototypes and special equipment is generally not possible in shorter courses. The amount of
detail required in paper designs and feasibility studies is also limited by the duration of the
course.” Howe7 showed that the breadth of content capstone courses had increased significantly
over the decade since Todd’s study3, with Todd identifying nine major course topics in 1995 and
Howe 24 topics in 2005, with increased emphasis on topics such as professional development
and teamwork. Topics from Todd’s study and Howe’s study are given in Figure 3, taken directly
from Howe7.
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Figure 3 Evolution of topics in capstone courses, from Todd et al.3 1995 and Howe7 2005
(source: Howe7)
The studies presented above show a trend toward longer duration capstone experiences with
corresponding increases in content. There is a great deal of literature with very good discussions
on the various content and organization of capstone courses, as well as the drivers involved –
ABET, industry needs, evolving engineering specialties, program specialties and needs, etc.
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There is little research, however, on the implication of capstone duration to its intended
objectives, and there are contradictions in the findings that are available, as mentioned by
Griffin8. For instance, Griffin8 cites a study by Bateson9 that purported students in yearlong
classes outperformed their peers in similar semester-long courses, and going further saying that
the shorter the course, the poorer the student results, with quarters resulting in the lowest scores.
A study by Logan and Geltner10, again highlighted by Griffin, reported, conversely, that students
in shorter “compressed” courses had higher success rates over peers in longer duration courses.
Griffin’s interest in this topic was based on discussions at Georgia Tech on the merits of one- or
two-semester long engineering capstone courses, as the faculty were divided as to the best
choice. Griffin et al. conducted a study on capstone duration with the following research
questions (among others): “Do longer course offerings result in better outcomes?” and “How
much faculty resources could be saved from adopting the shorter offering?”8. The stated learning
objectives studied were reported as technical writing skills, presentation skills, and technical
analysis. The results of the study indicated that one-semester long capstones achieved the
objectives and, subsequently, a shift was made from two- to one-semester capstones in 2003, a
reversal of the current trend. It should be noted that capstone courses in the US vary considerably
from school to school and even between departments and faculty within the same school, with

many differences in objectives, needs, and resources. For example, the department at EWU
University has always believed the role of the instructor to be that of a reference, facilitator and
supervisor. Usually the instructor meets with the groups every time the class meets, requires
weekly updates and memos on the project progress and assesses the final product.
The shift to a two-quarter capstone sequence at EWU follows the typical trend in the US of
including more R&D types of projects, which span the full engineering design process – problem
scoping through prototype testing. More professional development objectives are also being
emphasized, such as more student presentations, project management, and teamwork.
Capstone Project Experiences at EWU
During the Spring 2013 Capstone class we had 25 ME and 13 MET students that worked on 7
projects. The complexity of the projects continued to evolve as they embraced the R&D focus of
the course. The projects ranged in complexity from the analysis and construction of cross bows
to the design and construction of both a functional windmill and a quadcopter. This paper
examines 4 out of 7 projects as it focuses on the extreme cases, i.e. the best and the worst. The
remaining projects were not as relevant in identifying the most critical factors to a successful
Capstone project. Most of the projects were self-selected by the students although two were
driven by customers – building a captive dual copter system suitable for use in Computer
Science classes on controls and testing of seat frame models for Commuter Cars Inc. The
students for the two most complicated projects approached the instructors at the end of fall term
and the beginning of winter term so they did much of the design work during winter quarter in
consultation with the instructors. This was a great opportunity to test the effectiveness of a two
quarter capstone before actually implementing the changes. The success of these two teams
drove us to act upon our feeling that expanding the Capstone course to two terms was in the best
interest of the students.
Early on during the winter quarter, a group of students came to the faculty to ask about the
possibility of starting their capstone project a quarter ahead of time since Capstone was run
during the spring quarter only. The team was already formed and the project consisted of
building a self-leveling quadcopter as shown in figure 4. The students were very enthusiastic
about the project and did an excellent job presenting it to the faculty. No one received any extra
credit for starting early, but the students met regularly as a team as well as with the faculty as if
the course was actually in effect. The project involved a lot of electronics work and
programming, an area where our ME/MET students have not had extensive exposure. Therefore,
strict deadlines were imposed even during the winter quarter as part of accepting the project.
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The extra time allocated to this project allowed the team to go beyond what can be expected
from a team in nine or ten weeks. The students had enough time to research and optimize their
design based upon the components that they could acquire with their limited budget. The
students researched different quadcopter designs, available power sources, available motors and
their technical specifications, propeller designs, and materials. They learned how to install and
program the Arduino board necessary for the proper functioning of the quadcopter. They
modeled all the parts using Solidworks and performed Finite Element Analysis on many parts,
including the frame, legs and motor mounts. Data was collected on the lift produced by several

combinations of motor and propeller. In addition, power consumption and power sources (i.e.
batteries) were analyzed to produce the optimum power to weight ratio for this application. This
allowed the team to make a much more informed decision on the components to use.
By the time the spring quarter rolled
around, the team had a very clear idea
of what needed to be done and how.
The major decisions had been made and
most of the parts ordered. The project
was reduced to constructing the copter
and testing it. Attention to detail was
also increased, the team had the chance
to professionally anodize the frame, add
the school logo and generally speaking
add more aesthetic details that made the
final product look very professional.
The experience as a whole was very
successful and the extra ten weeks or so
gave this team plenty of time to do the
research, finalize the design process
and start execution.

Figure 4 Quadcopter

Another team decided to create a power generating windmill based on a design that uses a ball
like turbine instead of the more traditional radial blades. Here again, such a project would have
probably been refused based on the fact that there is not enough time to design, build, and test
the system in ten weeks. The windmill team was composed of 10 students that broke into two
subteams. One subteam was responsible for design and fabrication of the generator from scratch
while the other designed and built an Energy Ball style windmill and stand. This required a great
deal of research by this group of ME and MET students since aerodynamics and the details of
electric generation are not covered in our curriculum. By the end of the winter quarter, the team
had decided on the general design criteria including the size and primary materials and had
started building a small scale turbine prototype.
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The windmill was fabricated from steel rather than the much more applicable composites due to
the student’s familiarity with the materials and ability to get donated steel. The generator was
built around a donated car axle bearing and involved a great deal of problem solving during
design and fabrication, particularly with respect to placement of the high field rare earth
magnets. While the final product was not as efficient as the ones available on the market, the
students nonetheless produced the turbine and the generator on time and under budget. The main
reason behind the low efficiency of the turbine resides in the fact that heavy steel was used (as
opposed to composite materials on the ones available in the market) and the generator could also
have been designed in a more efficient way. This team had team dynamic issues – there were too
many strong leaders and not enough followers so they did not reach their full potential,
particularly with respect to their final presentation. This is an issue that the instructors believe
can be addressed during the first term of the new two-term Capstone course.

Figure 5 The energy ball style windmill and coils mounted in the generator.
Two of the teams that worked on their projects only
during spring term were not nearly as successful as the
two teams described above. The crossbow team was a
group of friends that spent the first two weeks of the
term defining the scope of their project as they all had
different ideas, but wanted to work together. They
selected the crossbow based upon the Finite Element
Analysis that one of the team members had performed
the previous term in the FEA course. At this point, they
had to select and procure materials and develop the
fabrication processes. They had all come into the course
with different ideas and the stress of trying to complete
the project in the short time remaining in the term
Figure 6 One of the two crossbows
meant that they never fully gelled as a team focused on
a single project. As a result, by the end of the term, some of the team members were barely
speaking to each other and their final paper and presentation were poorly coordinated. Once
again, the instructors believe that more time to work on team dynamics and optimize the design
before prototype construction would have resulted in a more successful project.
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The captive dual copter project was proposed by the chair of the Computer Science department
for use in his controls class. He had developed some conceptual drawings to define the scope of
the project for the team. This team was an eclectic mix of students who did not find places on
any of the other teams. They initially did a good job of organizing their efforts to examine design
options so they could order materials and components. However, by the middle of the term they
had fragmented based upon their competing demands – primarily another time intensive course
and outside work. When this was combined with the 4-5 week lead-time for some of the
components they lost focus and drive during the middle of the term. As a result they had a mad
rush at the end of the term by part of the team to complete the project and consequently burnt out

one of the motor controllers due to reversed polarity during testing. Once again more time would
have permitted more emphasis on team effort and avoided the mad rush to complete this fairly
straight forward project.
The final course grade is an average of the draft and final report, design review and final
presentation, weekly reports, team evaluations, and a qualitative self-evaluation. In addition
students were tested on engineering ethics and were required to submit a life-long learning
portfolio. The strong and weak projects are chosen based on these parameters. These same tools
are used with the two quarter method with a more formative approach during the first quarter and
a more summative approach during the second quarter. The authors believe that these criteria
reflect the nature of the course and are a good assessment tool.
Student Perceptions and Instructor Evaluations
We have continued the data collection and analysis that was presented last year2 with the
addition that we have analyzed the data for the ME and MET students as both separate groups
and together as was done in the past. The results from the analysis of the most recent class during
the Spring 2013 term are shown in Figure 7. Most of the scores have increased from the previous
year as we have fixed the issues that we found the first two times that we taught the course in the
R&D rather than the production mode. The three biggest findings from this data are:
1. There is still a significant disconnect between the student perceptions and the instructor
evaluation for both team dynamics and lifelong learning.
2. The student perception in several areas was dramatically lower for the MET students vs.
the ME students.
3. No assessment of accounting and cost control was done by the instructors other than
checking the reimbursement forms for errors.
All three of these findings can be traced in part back to the very fast pace of the Capstone course
during a single 10 week term. We believe that conducting the course over two terms will allow
us to address these issues. During the 2014 Capstone session we will incorporate the following
items into the course.
 We will provide team building tools so that the teams can overcome their differences and
operate more efficiently. Several of the MET students felt that some of the ME students
saw them as second class team members who were there to work in fabrication roles.
Based upon the written comments this was a major reason for item 2 above.
 Spreading the lifelong learning tasks over 2 terms will allow the instructors to provide
more input on the quality of the work (rather than just that it was completed) and to
emphasize importance of this endeavor.
 During winter term we will have the students set up to use MS Project to track both
project status and costs. It will then be second nature to for them to update during spring
term when they are generally very busy with building and testing of their projects.
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Figure 7 Student Perception (SP) and Instructor Evaluation (IE) of the Course Objectives on a 0
to 4 point scale (>95% is a 4 and 70% is a 2 for the IE) analyzed separately for the 25 ME and 13
MET students during the Spring 2013 class.
At the end of the capstone class we conduct an exit survey of the students to learn more about
their overall perception of the program and their experience at EWU. The results of this survey
are presented in figure 8 and broken out for the ME and MET students. We believe that the shift
to a two quarter capstone course may help address the low scores for the first two items since we
stressed how the capstone course simulated the workplace and they were definitely
overwhelmed. The MET students scored Apply Math and Science lower than the ME students
which is expected due to their less math and science intensive coursework. Discussion with
several of the MET students indicated that the discrepancy in scores for Ethical/Social
Responsibilities and Diversity is most likely due to the fact that several of them felt like they
were seen as a second class citizen on their team by some of the ME students due to their
different skill set. This is something that will be strongly addressed during the 2014 capstone
course.
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Figure 8 Exit survey results from the spring 2013 Capstone class.
Figures 9 and 10 show students perceptions and instructor evaluations data, respectively. The
data was collected on a five point Likert scale and spans a total of five academic years, the first
two have MET and applied technology students only while the remaining are a mix of ME and
MET students. It is also important to note that prior to 2010-2011 the capstone course as more of
a production run than a R&D one. Examination of these figures shows some term to term
variability, but a general increase in the scores. Some of the low scores for the 2010-11 can be
attributed to the change to the R&D focus in a course composed of mostly MET students, while
those in 2011-12 are most felt to be due to a change of instructors midterm due to illness. The
changes have not been analyzed for statistical significance.
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Figure 9 Student perception of how well the objectives were met by academic year.
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Figure 10 Instructor evaluations of student performance vs. the course objectives by academic
year.

Discussion
It is clear based upon the results of the spring 2013 Capstone course that the nine to ten weeks
allocated during a single quarter Capstone course is not sufficient to produce the high quality and
thorough work expected of modern engineering students. To encourage research and a detailed
design process requires at least an additional ten week quarter. It is important to note also that
two quarters is not an excessive amount since the two teams which started early had just enough
time to finish. The enthusiasm of the two groups of students allowed us to do a pilot run for a
two quarter Capstone course before we could make the official change. In addition, our previous
experience has shown that when working with industry-sponsored projects over one quarter there
are many additional challenges including not having enough time for shipping parts or obtaining
technical assistance2,11. Switching to two quarters will permit enough time to obtain the
necessary parts and support.
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Another advantage of having two quarters as opposed to one is the possibility of the instructor to
monitor the project and the dynamic interactions between the students much better. There is
much more room for adjusting or fine tuning the project as more progress is made. Often times,
the initial idea or concept presented or sought must be modified or changed. With enough time
these changes can be done in an efficient way without compromising the quality of the work.
Furthermore, more peer evaluations can be performed so the students are aware of their standing
in the team and have time to ameliorate their performances. Often times, poor performing
students have used the argument that they were not aware that their performance was lacking
since no feedback was given to them until it was too late to change. During the Winter 2014 term
we have used the formative team evaluation process to assist individuals and teams in solving the

issues around individuals who were not effectively contributing to the team during the first 4
weeks of the course.
Conclusions and Future Work
With double the amount of time allocated for the course more, better quality work can be
expected from the students, making the Capstone experience much more relevant, challenging,
and interesting. The plan is to require teams to finish their background research, initial design,
and order their parts during the winter quarter, so that during the spring quarter, the students have
a very clear idea of what needs to be done and have most if not all parts available. By giving the
students twenty instead of ten weeks, not only will the quantity of work increase but also the
quality.
We are conducting the ME/MET Capstone course over the winter and spring quarters of 2014.
As part of this transition, we have formalized many aspects of the early research and
development effort. In addition to the project proposal required previously, the teams will have
to do a thorough literature review to determine what has been done previously and to more fully
define the various constraints. This will lead into two rather than one design review – the first to
their classmates and the second to the ME/MET faculty to get approval to start purchasing and
fabrication of their project. They will also be required to track the project costs in MS Project
and use a pay rate that they get to define which will help them focus on the fact that time is
money.
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