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Abstract—This paper presents the outcomes of a developed methodology to
handle the project component in a higher-level undergraduate course. The approach relies on providing the students the freedom to choose their own project
area as well as the utilized technology. At the same time, the students have to
follow certain regulation to allow for the creation of a semi-capstone experience. We illustrate how this approach has a positive effect, not only on the project outcomes at the course level, but also on the students’ performances in subsequent capstone courses. Data collected, over five consecutive course offerings, shows that this approach is an effective method to prepare engineering
students for their senior design capstone courses.
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1

Introduction

In order to successfully prepare engineering students for real-life practice, ABET
criterion 5 [1] explicitly states that the students must go through a “curriculum culminating in a major design experience”. This major design experience is realized by
most engineering programs world-wide through one or two senior design capstone
courses that usually run for an entire year. In these courses, engineering students
should apply all theoretical knowledge and practical skills gained through the entire
engineering curriculum to tackle a real-life engineering challenge. Multiple previous
studies [2, 3, 4] have asserted the extreme importance of such course.
Moreover, senior design capstone courses play a major role in accreditation processes as they can be used to directly measure all ABET learning outcomes [1]. However, the main issue to be addressed is that this is the student’s first experience in
meeting a challenge of this magnitude. To guarantee a successful capstone experience, students have to be scientifically and mentally prepared. Hence; an important
research question, which we address in this work, is how to effectively prepare undergraduate students for a successful capstone experience?
One can argue that the scientific part of the preparation could be fully covered
through the curriculum. We believe that one promising approach, which we present
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and test in this work, for mentally preparing students for their capstone experience is
to provide them with a similar experience on a smaller scale.
The mental preparation of students involves developing a complete understanding
of the entire design process as well as the evaluation criteria. In other words, students
should know what to expect before embarking on such a challenge. The full design
process includes many steps: identifying a practical engineering problem, modeling
the problem identified, surveying relevant literature, producing design specifications,
implementing the problem solution, analyzing the performance, and presenting and
defending the developed solution.
The project component in undergraduate courses presents a natural venue to facilitate this preparation. Course projects can be used to:
• Teach students many of the previously mentioned steps on a smaller scale,
• Correct wrong perceptions students might have about capstone projects, and
• Address any problems that are expected to occur.
In order to have a similar experience on a “smaller scale”, the students should be
guided through the design cycle in order to solve a simple problem in less amount of
time compared to capstone projects.
A clear example of points 2 and 3 above is that students might believe that a capstone supervisor should provide the solution for any faced problems. It was reported
in [4] that faculty members understand the role of a capstone supervisor to be more of
a “guide” through the entire process rather than an “instructor”. The study showed
that the least important responsibility of a supervisor is to tell the students what to do
or how to solve a problem. Another example is to deal with the “free-rider” situation
and to fairly measure the student’s progress [5, 6].
The current study presents a methodology to handle the course project component
in order to successfully prepare students for their capstone experience. The approach
is applied over five consecutive course offerings and results are analyzed based on the
selected technology, and the performance of students.
The rest of the paper is divided as follows: Section 2 introduces the methodology.
Results are presented in Section 3. Finally, the paper is concluded in Section 4.

2

Methodology

Based on our classification in [7], there are four main categories, shown in Figure
1, on how to handle the project component. Approaches are classified based on two
dimensions: the problem to solve, and the technology to adopt.
The Restricted approach offers the entire class a single application and/or problem,
which all students must attempt to solve using a specific technology. From the instructor’s point of view, this approach provides easier marking on the since all student
groups would go through the exact same steps and could be easily compared against
one another. Furthermore, it is ensured that all students are faced with the exact same
set of challenges. We believe this method is more suitable for lower-level courses
(e.g., electric circuits, instrumentation, and digital logic) where students’ design abili-
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ties are still limited and the focus is on providing students with specific scientific
knowledge.

Fig. 1. Project handling classification.

The Semi-restricted approach offers the students the freedom of choosing the application and/or problem they desire to work on. However, all students must use a
specific technology. Such an approach can work for both low-level and high-level
courses. For example, in a computer architecture course, this could involve implementing different parts of the machine using VHDL. Another example, in a microprocessors course, is to implement different simple embedded system applications using
different microcontrollers. The use of a fixed technology across all groups ensures
that they will experience similar challenges related to, for example, the limitations
and/or available features of the VHDL or the selected microcontroller. On the other
hand, it provides the students with an opportunity to follow different problems according to their interests. Such an approach can cover more steps of the engineering
design process.
The other Semi-restricted approach, in which the technology used is left to the students’ discretion, offers the opportunity of evaluating the student’s ability to properly
select a technology. At the end of the course, students could be presented with data
comparing different adopted technologies for the same problem. However, once the
selection is done, the instructor might guide the students to use a more suited technology in order to realize the best projects possible. Hence, it will eventually become
similar to the previous method.
The Free approach is based on offering the students the complete freedom of selecting the application and/or problem they want to work on as well as the technology
they want to adopt. On the instructor’s side, this requires the development of some
sort of a rubric to be able to evaluate the wide range of developed projects and acquired technological skills. Across the different projects, students will be facing different challenges depending on their chosen application and selected technology. In
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addition, the course instructor can evaluate the students’ abilities to compare different
technologies/designs and to choose the most appropriate for their selected application.
We believe that such an approach is more suitable for higher-level courses (e.g., microprocessors, embedded systems, and DSP). We also believe that such an approach
will provide the closest experience similar to a senior design capstone course. This is
because not only students will be involved in implementing a stand-alone application
and/or system as in the capstone; they can also be graded based on a similar rubric.
This is different from internship courses where the final grade in many situations is
just a pass or fail based on a number of submitted reports.
In the Semi-restricted or Free methods, the students work on a problem that they
deem interesting. This increase the students’ own satisfaction and improve their overall learning experience. Another side benefit is that some students can opt to further
extend their course project in their capstone.
We adopted the Free approach and applied it in a higher-level “Microprocessors
and Interfacing” course. In our recently ABET-accredited engineering program, this
course is a three credit hours third-level core course that serves as a pre-requisite for
the capstone project. Moreover, the course is accompanied with a one credit hour
laboratory component. The learning outcomes of both courses include understanding
the internal architecture of the PIC microcontroller, writing assembly programs utilizing different addressing modes and performing input/output operations, mastering
different interfacing techniques, using available microcontroller features (e.g. interrupts, and timers), and covering multiple subjects including data conversion and
communication. The decision to teach the PIC microcontroller is based on the fact
that it has a big share in the embedded systems market [8].
The rationale behind selecting such a course for our study is a three-fold:
• It is an upper-level course allowing us to adopt the Free approach,
• It is a direct pre-requisite to the senior design capstone course. Thus, will provide
the students with a very recent experience before facing a project of a larger scale,
and
• It presents the students with knowledge about a ubiquitous technology that is seen
everywhere and that is most probably used by students in their capstone projects.
To ensure the quality of the delivered course projects and to fully simulate a capstone experience, several steps are required:
• Students are requested to secure the instructor’s approval of their idea. The instructor examines the proposed project ideas to ensure an appropriate level of difficulty
and to manage students’ expectations,
• Students follow specific guidelines for writing the final report and presenting projects in-class,
• Projects are evaluated following the same rubric used for capstone courses [9].
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3

Results

The findings of our proposed methodology, based on five consecutive semesters,
are presented in this section.
3.1

Creative Course Projects

As pointed out in the previous section, adopting the Free approach presents the
students with the opportunity of implementing project ideas they are most interested
in. Another benefit is that adopting this method ensures the realization of a wide range
of projects spanning different interesting areas.
Previous work in [10] reported that using Arduino [11] resulted in the students implementing very creative projects. The same conclusion is emphasized by our study as
the students implemented many complete stand-alone embedded systems covering a
wide range of applications.
Many students implemented robotics applications including the maze-solving robot
and the pixel-wise drawing robot shown in Figure 2.

Fig. 2. A maze solving robot and a pixel-wise drawing robot.

Other students implemented gaming applications including the Fluffies game and
the complete Arduino-based arcade game shown in Figure 3, and the Tic-Tac-Toe and
the ping-pong games shown in Figure 4. Other stand-alone applications included the
portable mp3 player shown in Figure 5.

Fig. 3. A game of fluffies and Arcduino (An Arduino-based arcade game).
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Fig. 4. A Tic-Tac-Toe game touch screen interface and a simple ping-pong game.

Fig. 5. Arduino -based portable mp3 player.

Moreover, the use of Arduino enables the students of exploring other directions
and different programming approaches. For example, Fig. 10 shows a traffic-light
control model programmed using Simulink and implemented using Arduino.

Fig. 6. Arduino-based traffic lights implementation using Simulink.
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When enrolled in embedded systems courses, work in [12] used Gamification to
motivate computer science students. An interesting observation in the current work is
that 14 engineering students chose to explore the area of game implementation in their
projects. This constitutes around 10% of the entire student population covered in this
study.
3.2

Effect on Capstone Projects

The number of students enrolled in the “Microprocessors and Interfacing” course,
when offered over five consecutive semesters, is presented in Tables 1 and 2. Moreover, the technology used by students in their course and capstone projects is also reported. Resulted presented here are an extension on our previous work in [7].
Table 1. Breakdown of used technology in the course project.
Semester

Adopted Technology

Number of Students

Arduino

PIC

Fall 2013

51

51

0

Fall 2014

33

29

4

Spring 2015

16

14

2

Fall 2015

34

34

0

Spring 2016

25

25

0

Table 2. Breakdown of used technology in the capstone project.
Adopted Technology

Number of Students

Arduino

Other

Fall 2013

51

32

12 (7)

73%

Fall 2014

29

18

11

59%

Spring 2015

14

10

4

71%

Fall 2015

34

30

4

88%

Spring 2016

25

16

6 (3)

73%

Semester

Percentage

We would like to note here that the students are requested to implement their projects using a different PIC microcontroller than the one studied in the course or a
different microcontroller altogether. This decision is taken to improve their life-long
learning abilities and to make sure they are exposed to more software and hardware
tools beyond what’s being covered in class.
Results presented in Table 1 clearly illustrate that 96% of students opted to use the
Arduino boards in their course projects. Arduino is the popular choice for its low cost,
adoption of the open-source philosophy, availability of online resources, and ease of
expandability. Similar behaviors were also identified in [10].
Results presented in Table 2 illustrate that the percentage of students that continue
to use the same technology in their capstone projects is at least around 60%. The
percentages provided are calculated after excluding purely software capstone projects
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(presented in parenthesis). When implementing hardware-based capstone projects,
other popular technologies include data-acquisition systems like Phidgets [13] and
LabVIEW [14].
In conclusion, the overall percentage of students pursuing the same technology
over the five consecutive semesters is 69.28%. Although similar trends were also
highlighted in [15], to the best of our knowledge, the current work represents the first
conducted study to assess the extent and the effect of such a behavior over a number
of semesters.
To assess the effect of using the same technology on the students’ performance,
Table 3 presents the average grades for students using the same technology in their
course and capstone projects. Number of students is provided for students who completed the two capstone courses. Other students are still in their first or second capstone course and hence their product has not been yet finalized.
In the first two semesters, results show that average grades slightly increase reflecting an improved performance. In later semesters, performance of students in capstone
projects has considerably improved showing an increase between 3% and 6% in their
final grades. The significance of these results stems from the fact that evaluating capstone projects is more scrutinizing than evaluating course projects and that the final
product is of much larger scale.
Table 3. Average grades for the course and capstone projects.
Semester

Number of Students

Average Grades
Course

Capstone

Fall 2013

32

88.09%

88.66%

Fall 2014

18

87.87%

87.89%

Spring 2015

10

81.6%

86.5%

Fall 2015

27

86.37%

89.63%

Spring 2016

9

82.77%

89.44%

Table 4 presents how the performance of individual students using the same technology has changed from the course project to the capstone project. Better means that
the student has achieved a higher letter grade, Same means the same letter grade was
maintained, while Worse means that the student has achieved a lower letter grade in
the capstone compared to the course project component. Again, Number of students is
provided for students who completed the two capstone courses.
Results show that around 54.17% of the students have demonstrated better performances in their capstone projects. Note that for the ten students having the same performance from the Fall 2013 class, six of them have actually remained in the A-/A
region, which is an excellent performance already. In addition, two of the seven students who had a worse performance have only slightly dropped from A to A-. Moreover, out of the four students having a similar performance in Fall 2014, two of them
remained in A-/A region. In addition, one of the six students with a worse performance has slightly dropped from A to A-. For Fall 2015, two students of the four
having a similar performance remained in the A region, while three of the eight stu-
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dents having a worse performance have slightly dropped for A- to B+. Overall, 52
students out of 96 (54.17%) have an improved letter grade in their capstone projects.
On the other hand, only 16 students (16.8%) have a considerably worse (at least a two
grade letters drop) performance.
Table 4. Performance comparison for course and capstone projects.
Performance

Number of Students

Better

Same

Worse

Fall 2013

32

15

10

7

Fall 2014

18

8

4

6

Spring 2015

10

7

1

2

Fall 2015

27

15

4

8

Spring 2016

9

7

2

0

Semester

This overall improved performance of students in their capstone course is partially
due to the reduced learning time needed for new technology. It was stated in [16] that
using different hardware platforms and laboratory tools across different courses can
introduce around 30% overhead in both time and effort in order to learn the new tools.
Hence, as students are already using a technology they are familiar with, they can
advance in their capstone course at a faster pace.
Although the adopted methodology shows real promise, there are a number of students that still show a deteriorated performance. There are a number of factors that
could have contributed to this observation. These include the lack of time management skills and the tendency to avoid important software engineering practices [17],
the lack of team work skills, the lack of study skills [18, 19], and the difficulty of the
project topic with respect to the student’s academic level.

4

Conclusions

In this paper, we posed the question of how we can properly prepare students for
their capstone experience. We believe that one effective approach to facilitate this
preparation is by the appropriate handling of the project component in a carefully
selected course (or set of courses).
The work presented different methods for managing course project component.
The study adopted the Free approach in which the students are free to select their
project topic as well as the adopted technology. We applied the selected approach to a
“Microprocessor and Interfacing” course. This course is a higher-level core course
that is directly followed by the capstone course, and covers popular technology. The
followed methodology resulted in a wide range of very interesting and creative projects.
The study was conducted over five consecutive semesters. Results showed that for
a total of 153 students, around 69% of them continued to adopt the same technology
used in their course projects to implement their capstone projects.
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Moreover, results showed that 54% of the students adopting the same technology
have demonstrated a better performance in their final capstone projects in comparison
to their course projects.
In future work, we intend to extend our results to cover more microcontroller
and/or microprocessor platform (Raspberry Pi, Beagle Bone, … etc.). We also plan to
study the effect of different identified factors on the overall performance. Furthermore, we will initiate a questionnaire to collect graduating students’ experiences regarding the presented methodology.
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