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Abstract- The purpose of this study is to better
understand the effect of undergraduate engineering student
engagement with an experiential learning opportunity on
academic success in a virtual format. Students in a second
year Civil Engineering Materials course that was virtual
due to the COVID-19 pandemic were given the option to
shift a portion of the final exam weight onto an experiential
project. The project consisted of the construction and
loading of a small bridge, introducing an experiential
component to the virtual course. As a reflective question on
the final exam, students were asked to record a brief video
testimony related to their motivations and any perceived
benefits for participating or not participating in the
project.

Of the students who participated in the bridge project,
58% were characterized as having thorough or above
average knowledge and understanding of the graduate
attribute indicators, relative to 33% of students who did not
participate. Engagement with the bridge project through
experiential learning therefore aligned with strengthened
understanding of the graduate attributes, within the
restrictions of the remote environment. In planning for
future online courses, this study shows a method of
engaging students with an experiential activity virtually, its
positive effect on academic achievement, and other
associated benefits.

Keywords: student engagement, experiential learning,
online learning, graduate attributes

1. INTRODUCTION AND BACKGROUND

In engineering programs, experiential activities (such as
laboratories) have traditionally played a large role in
student learning and engagement. Experiential learning has
been characterized as learning from an experience or
learning by doing something. The Experiential Learning
Cycle was described by Kolb (1984) as being a cycle of
concrete experience (having an experience), reflective
observation (reviewing the experience), abstract
conceptualization (learning from the experience) and
active experimentation (trying what you have learned) [1].
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This experimentation leads to another set of concrete
experiments. Experiential education can take place in
different forms, for example field-based experiential
learning that includes internships and co-op placements
[2]. Experiential learning can also be classroom based and
can be used to relate theory to real-life situations. In
engineering education applications, experiential education
in the classroom can take the form of laboratory
experiments, applied projects, simulations, competitions,
or other experiences. The COVID-19 pandemic, however,
necessitated many Canadian engineering institutions move
to deliver their courses entirely remotely. The virtual
course delivery creates challenges in incorporating
traditional  hands-on and  experiential  learning
opportunities for engineering students.

With regards to further effects of the COVID-19
pandemic on students, university students have reported an
increase in stress and anxiety [3]. A study by Son et al.
(2020) surveyed 195 students in higher education, and 71%
of respondents reported that the pandemic had increased
their levels of stress and anxiety overall. More specifically,
Son et al. (2020) noted that 89% of respondents indicated
they had difficulty concentrating, and 82% were concerned
about their academic performance during the pandemic [4].
Chakraborty et al. (2020) also surveyed graduate university
students about their opinions of online education during the
COVID-19 pandemic and found that 74% of students
agreed that excessive screen time was causing stress and
affecting their sleep patterns. Even in years unaffected by
the COVID-19 pandemic, there is a need for those who
interact with university students to consider student mental
health, but the circumstances surrounding the COVID-19
pandemic have made it even more important to consider
the mental wellbeing of university students.

It is clear that two factors of the engineering
undergraduate student experience that were largely
impacted by the COVID-19 pandemic are the availability
of experiential learning opportunities, and the challenges
surrounding mental health. Students have generally been
found to have positive perceptions and see the value of
experiential learning [5], while conversely a majority of
students have reported they do not learn as well in the
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online environment [6]. As excessive screen time is one
factor negatively contributing to student mental health
during the COVID-19 pandemic [6], there is a need to
explore how experiential activities (away from technology)
can be implemented during a remote learning semester.
Experiential activities based away from technology and
computer screens have the potential to significantly affect
student achievement of the course learning outcomes,
while minimizing factors that may harm student mental
health.

The research herein aims to better understand the effect
of undergraduate engineering student engagement with an
experiential learning opportunity on academic success in a
virtual format. The purpose of this research is to further
define the benefits and limitations of one such experiential
learning opportunity using a case study.

2. METHODS

The case study discussed herein considers students in a
second-year Civil Engineering course in Canada that were
given the option to complete a project requiring them to
create a small bridge out of limited materials and load the
bridge to failure. Students that participated were allowed to
shift a portion of the weight of the final exam onto this
project. On the final exam, students were asked to reflect
on their experiences in participating or not participating in
the project by characterizing their motivations for
participating (or not) as well as describing any perceived
benefits (benefits being left broad for the student to
interpret). The rationale for allowing students the option to
participate in the bridge project was 1) to improve student
understanding of material properties and other technical
aspects of the course through experiential activity, and; 2)
to potentially relieve stress by reducing the weight of the
final exam as well as giving students a break from their
computers, technology and traditional study activities.

As previously noted, the study herein was meant to
better understand the effect of undergraduate engineering
student engagement on academic success in a virtual
learning format. The overarching method of this
investigation therefore consists of examining the
correlation of engagement with a case study experiential
activity on student achievement of the graduate attributes.
Benefits and limitations of such an experiential activity in
a virtual format are further identified using student self-
reflection testimonies.

The course was comprised of 95 students. At a high
level, the course covers topics related to material science,
material resilience and sustainability, as well as properties
of common structural and transportation building
materials. Prior to the COVID-19 pandemic, the course
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was taught in person with three hours of lecture per week,
one hour of tutorials, and two hours of weekly laboratory
sessions. The laboratory sessions presented an experiential
component to the course and were centred around the
mechanical properties of the materials that were being
studied in class. For the Fall 2020 version of the course, the
course was entirely virtual. Students had two hours of
asynchronous and one hour of synchronous lecture per
week, as well as one hour of synchronous tutorial and two
hours of synchronous laboratories. The virtual laboratories
were designed to achieve the same learning outcomes as
the in-person laboratories and are discussed in greater
detail in planned studies by the authors.

The design of the virtual Fall 2020 version of the course
was influenced by data that had been collected by other
researchers regarding successes and challenges during the
Winter and Spring/Summer 2020 semesters earlier in the
year. Students at seven American private and public
institutions were surveyed (n=3006), with participating
institutions receiving the collected data specific to their
institution and relative to the cumulative data [7]. Survey
results can be obtained by contacting participating
institutions, however for this study the data were provided
to the course instructor as part of their international
teaching activities of a specialized lecture series. The
institution from which the data was predominantly
examined is largely comprised of engineering students.
Takeaways from this previously collected data included
that students reported that they did not learn as well they
would have in a physical classroom, and that many students
felt that they were not able to balance their social/emotional
needs with their coursework [7]. These studies emphasized
the importance of considering student social/emotional
needs in the course design and incorporating activities that
would be included in a physical classroom version of the
course.

In terms of requirements for the optional bridge project,
students were asked to create a bridge using only popsicle
sticks, dental floss, toothpicks, and white glue.
Specifications were outlined with respect to the required
clear span, span height, and span opening. Weight ranges
of the final bridge were also specified. Students were
further asked to create a 5-10- minute recorded
presentation explaining the design and engineering behind
their bridge, and then demonstrate the loading of the bridge
to failure, reporting the final failure load. The bridge
project was assessed on the originality and aesthetics of the
design, the quality and spirit of their presentation, their
loading demonstration, and their justification for their
predicted modes of failure. Most of the criteria was meant
to enhance course learning outcomes, however the ‘spirit
of the presentation’ criterion was meant to encourage
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students to have fun with the project as well showcase their
interests and personalities. Student submission of the
bridge project consisted of their recorded presentation.

The project was designed to be cost efficient for
students. The cost of 1000 popsicle sticks, 100 m of dental
floss, and 1 L of white glue was estimated to be around
$20CAD, with these materials being readily available in
stores and online. While the students purchased the
materials themselves, the costs associated with the course
were reduced overall from previous years as the students
were not required to obtain personal protective equipment
for the laboratory sessions (where minimum cost would
have been approximately $100CAD).

The optional bridge project was inspired by the Troitsky
Bridge Building Competition, an undergraduate student
competition where teams from different universities create
a bridge using popsicle sticks, dental floss and white glue
within a time limit, and load the bridges to failure (the
interested reader can look into the full requirements and
evaluation procedures [8]). The origins of the Troitsky
Bridge Building Competition stem from Civil Engineering
coursework at Sir George Williams University (that would
later become Concordia University). Students in a bridge
design class were asked by their professor (Dr. Michael
Troitsky) to design and build a bridge model using wood
and glue. Over time, the project turned into a competition
for Concordia students and eventually opened to
institutions across Canada [8]. The implementation of the
bridge project back into a single Civil Engineering course
returns an adaptation of the project to its origins.

The reasoning for giving the students the option to
participate in the bridge project was mainly to reinforce
concepts taught in the course, and to reduce stress. By
giving students the option to shift weight from the final
exam to the bridge project, the intention was to reduce
stress surrounding the final exam, which is a traditionally
stressful time for students during a normal year, combined
with the effects of the pandemic on student mental health
had the potential to be very overwhelming. Moreover, the
project was hands-on and experiential, and was therefore
meant to be somewhat of a stress release by providing
students with an excuse to take a break from their studies
and do something creative and hands-on.

With regards to reinforcing graduate attributes covered
by the course, the students needed to rely on their
understanding of material properties to strategically create
a design that they felt could support the greatest amount of
load while keeping the weight as minimal as possible. The
use of popsicle sticks in particular draws upon their
knowledge of the material properties of timber — a material
that has been identified as beneficial for program graduates
to have increased knowledge of, as timber design becomes
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more prevalent in cities around the world [9]. Further, the
project was meant to reinforce graduate attribute indicators
as outlined in Table 1 using experiential learning. Table 1
highlights graduate attribute indicators assessed by both the
project and by the final exam.

Table 1. Graduate attributes assessed by both the bridge
project and the final exam.

Graduate Indicator
Attribute
Knowledge Understand the physical, chemical,
Base for and mechanical properties of
Engineering various civil engineering materials
Problem Understand and calculate stresses
Analysis and strains experiences by various
materials due to loads
Design Conceive design solutions to solve
the defined problem
Communication | Prepare a professional laboratory
Skills report including engineering charts,
tables, graphs and diagrams to
present information effectively

A question was added to the final exam asking students
about their participation or non-participation in the bridge
project. The exact wording of the exam question is found
in the Appendix. In general, students were asked which
factors motivated them to participate or to not participate
in the project. Students who participated were further asked
if they believed that the project contributed to their
understanding of the course material, and if there were any
additional benefits in participating in the project.
Submissions were to consist of a one-minute video
recording of themselves.

Analysis of the video testimonies recorded by the
students consisted of watching the videos, and identifying
factors mentioned by the students. Where students
mentioned more than one motivation or benefit, all factors
mentioned were included in the analysis equally.
Categories for factors that contributed towards students’
motivations for participating/not participating as well as
perceived benefits were created by counting the number of
students who used similar phrasing in their testimonies.
The categories related to mental health included student
mentions of reducing stress, enjoying using hands on
activities to relax, or doing similar activities as a hobby.

The technical portion of the final exam pertained to the
student’s comprehension of the course content, and
included components of their knowledge base, problem
analysis, design, and communication skills. This portion of
the final exam was assessed relative to the graduate
attribute indicators.
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In addition to submitting the bridge project as a part of
the course, students were also able to submit their bridge
presentation as a part of a competition hosted by the
University’s Civil Engineering Student’s Association
group. The project was designed to meet the requirements
of the student association’s competition, and the
competition was also open to students not enrolled in the
course. Performance in the student association’s
competition led to the creation of a team for the official
Troitsky Bridge Building Competition for the year.

3. RESULTS AND DISCUSSION

Overall, 62 students (65%) chose to participate in the
bridge project, and 33 students (35%) opted not to
participate.

3.1 Effect of Engagement in Bridge Project on
Student Achievement

The technical component of the final exam was marked
in relation to the graduate attribute indicators defined in
Table 1. As such, Fig. 1 is intended to convey how well
students who participated or did not participate in the
bridge project were successful in achieving the graduate
attribute indicators. Students who received an A on this
portion of the exam had strong achievement of the graduate
attribute indicators, students who received a B had above
average achievement of the graduate attribute indicators,
and so forth. Students that did not achieve the graduate
attribute indicators received an E.

45%
40% ® Submitted

35% Did not Submit
30%
25%
20%

15%
10%
5% ]
0%
A B C D E

Grade Received

Percent of Students

Fig. 1. Achievement of graduate attribute indicators among
students who submitted and who did not submit the bridge
project.

Students who were sufficiently engaged in the course to
participate in the bridge project better demonstrated the
graduate attributes indicators, as 58% of submitters scored
an A or a B compared to 33% of non submitters.

While the grade received by students as shown in Fig. 1
is somewhat subjective to the person assessing the exam
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question, steps were taken to reduce bias. This included not
marking the exam and the project together, and when
marking the exam, not checking the students existing grade
or whether they chose to participate in the bridge project.

3.2 Motivations and Benefits of Students that
Participated

One of the final exam questions asked students about
their motivations for participating or for not participating
in the bridge project.

From reviewing student video responses, generalized
categories of motivations could be made. It should be noted
that these categories were not presented to students for a
selection style response, but rather the questions were open
ended with many students crediting the same motivations.
It should be further noted that students were asked to name
at least one motivation, but many students discussed
multiple different motivations, and as such the number of
responses does not align with the number of students who
participated in the bridge project. Responses of students
who participated in the bridge project are summarized in
Fig. 2.

To Apply Knowledge Hands-On 33

To Benefit Mental Health 24

To Improve Grade by Shifting
Weight of Final

Interested or Curious about
Bridges, Materials, Structures

Maotivation

To Compete in Competition 4

To Connect with Peers or other
Engineers

To Improve Communication Skils 1

0 10 20 30 40
Count
Fig. 2. Student motivation for participating (n=65).

The most common motivation was that students wanted
to try applying their knowledge in a hands-on application
(51% of students that participated commented that this
contributed to their motivation). The high level of
motivation to participate in a hands-on application could
have partially been a product of the entirely virtual
semester — if students were completing in person
laboratories and classes, they may have had felt less of a
need to do something hands-on. Nevertheless, this
motivation reinforces the desire of students for experiential
learning opportunities.
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24 students, or 40% of those that participated,
commented that they chose to participate for reasons
relating to mental health — which included that doing this
style of activity is relaxing or fun for them, or that stress
surrounding the final exam was reduced. 15 students (23%
of those who participated) distinctly indicated that they
wanted to participate to shift a portion of the weight of their
grade from the exam to the project to improve their overall
grade, and not just to reduce stress surrounding the final
exam.

Ten students (15% of those that participated) indicated
that they wanted to participate simply because they were
interested or curious in bridges, materials, or structures,
and wanted to use this project as an opportunity to learn
more. Four students (6% of those that participated)
participated distinctly to submit their project to the student
association’s version of the bridge competition, for an
opportunity to potentially compete in the national Troitsky
Bridge Building Competition. Peer interactions have
previously been identified as a source of discouragement
and intimidation for engineering students [10], so
promoting friendly peer interactions through student
competitions and events is valuable in fostering positive
experiences in undergraduate engineering programs.

Two students wanted to use the project to connect with
other engineers, or their peers — this included discussing
strategies with their peers, and connecting with other
engineers that included family members for advice which
was encouraged and allowed in the rules of the project.
Finally, one student wanted to participate to take the
opportunity to practice their presentation and
communication skills.

Furthermore, students were asked to comment on any
benefits they experienced from participating in the bridge
project that do not directly tie into the content covered by
the course material. The results of the student responses are
summarized in Fig. 3. It should be noted that the
motivations of the students do not directly align with the
perceived benefits. It is assumed that many students felt
that if they mentioned something as a motivation, they did
not need to confirm that it was a benefit (e.g. the same
students did not characterize reduced stress surrounding the
final exam as both a motivation and a benefit).

25 students (38% of those who participated) noted that
they strengthened their project management and design
skills. Examples of this cited by students were that they
were thinking about schedules they needed to keep to in
order to finish by the deadline and thinking of their
rationale as to why they chose a particular design over
another. 18 students (28% of those who participated)
explained that participating in the project benefitted their
mental health to some extent, either by reducing the stress
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of the final exam or by having fun and relaxing during the
creation of their bridge.

Improved Project Management or
Design Skils

Benefitted Mental Health (Stress
Relief)

MNew Appreciation for Structures

Benefit

More Interested, Curious or
Motivated in Enginesring

Improved Communication Skills or
Confidence

Connected with Peers or other
Engineers

0 10 20 30
Count

Fig. 3. Student reported benefits of participation, exclusive
of enhancing understanding of course materials (n=65).

Seven students (11% of those who participated)
commented that they have a new appreciation for structures
or are thinking about structures differently, examples
included contemplating the structural design of bridges
they see in their every day lives. Similarly, six students (9%
of those who participated) discussed how the bridge project
made them more curious or interested in engineering
topics, or that they felt more motivated to study or practice
engineering. Five students (8% of those that participated)
indicated that they felt their communication skills
improved, or that they were more confident in presenting.

Finally, three students noted that they had the
opportunity to connect with others. These students
explained that the project gave them an opportunity to work
with other engineers — usually friends or family — where
they would not have had otherwise dedicated time to spend
with friends or family.

3.3 Motivations of Students that did not

Participate

33 students chose not to participate in the bridge project.
Their responses, when asked on the final exam of their
motivations to not participate, are summarized in Fig. 4.
Students were asked to provide at least one motivation.

Nine students (27% of those who did not submit)
indicated that they might have liked to participate but could
not make the time or meet the deadline. A further nine
students indicated that they strategically chose not to
participate to focus their time on studying for the final
exam.

Three students (9% of those who did not participate)
explained that they were not confident in their ability to
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make a quality bridge or presentation, and similarly a
further two students indicated they did not want to shift a
portion of the weight of the final exam to the project —
where the underlying motivation is not specified but could
possibly be attributed to some of the other motivations
specified for not participating (e.g. low confidence).

Two students indicated they could not obtain resources
needed to participate in the bridge project, and one student
indicated that they had competed in a similar project in the
past and did not see the value in creating another bridge.

Ran out of ime or too busy

Strategically wanted to focus
fime on exam

% Low confidence in capabilities
s

™ Did notwant weight to shift to
o the project

Could not obtain resources

Completed a similar project in
the past and did not want to
redo work

Count

Fig. 4. Rationale presented by students for not
participating in the bridge project (n=33).

3.4 Further Adaptations

Given the circumstances surrounding the COVID-19
pandemic, the bridge project offered an experiential
opportunity for engaged students. Students who were
sufficiently engaged with the course to participate in the
bridge project reported numerous benefits related to their
mental health and demonstrated a stronger understanding
of the graduate attributes than students who were less
engaged and chose not to participate.

In future iterations of this course — or similar courses —
adaptations of the project could be considered. Considering
that overall, students that were engaged also demonstrated
a better understanding of the graduate attributes, the
rationale for students who did not participate could be
analyzed in future iterations to make the project more
accessible and encourage participation. This might include
introducing the project as early as possible in the semester
such that students can allocate time.

Some students also indicated that they could not obtain
the resources needed to participate in the project. Course
packs could be mailed out to students at the beginning of
the semester and include the materials they need,
eliminating the need for students to source materials
themselves and ensuring each student is able to obtain the
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required materials. Considering the cost of the materials is
estimated to be less than $20CAD per student, the cost of
distributing materials to students should be manageable for
many schools, especially in years where in person
laboratory sessions can not be held. Though costs of
shipping and administrative duties would need to be
considered, traditional laboratory sessions for this
particular course have in the past involved the design,
creation, and loading of various civil engineering materials,
in which the cost of materials alone has cost more than
$20CAD per student.

Upon the resumption of in-person classes and
laboratories, there is still value in similar projects. All of
the benefits and motivations discussed in Figs. 2 and 3 will
still hold true should the class be held in an in-person
format, though the extent of the motivations and benefits
might be altered, and new motivations and benefits may be
introduced. A course held in person would have even more
possibilities as to how such a project could be carried out,
for example it could be adapted as a group project. An in
person variation of the project could also further some of
the benefits previously mentioned, for example there is the
opportunity for greater connection between peers or other
engineers, in brainstorming ideas and having an activity to
do together on the day of testing. The in-person variation
could also further strengthen communication skills, by
providing students a low-stress opportunity to present.
These and other possible enhanced benefits of an in-person
variation should be addressed by future research.

4. CONCLUSION

The purpose of this study was to better understand the
effect of student engagement on academic success in
undergraduate students in a virtual learning format, by
considering a case study looking at engagement with an
optional experiential project within a Civil Engineering
Materials Class. Findings from the study showed that
students who engaged through participation in the optional
project demonstrated a better understanding of the course
graduate attributes than students who were not engaged
enough to participate. Engaged students that submitted the
bridge project were nearly twice as likely to demonstrate
an exceptional or above average understanding of the
graduate attribute indicators on the final exam (58% of
students who submitted the project vs. 33% of students that
did not).

Beyond enhancing student understanding of the course
material, the bridge project was intended to also benefit
mental wellness to some extent. Understanding that the
2020 academic year was especially stressful for students
due to the COVID-19 pandemic, the bridge project was
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meant to reduce stress by giving students the option to shift
weight from the final exam onto the project, as well as by
giving students an excuse to take a break from their
computers and do something hands-on. These benefits
were appreciated by students, with 37% of students who
participated noting that mental wellness was one of their
primary motivations for completing the bridge project, and
28% of students noting that upon reflection, improvements
to mental wellness were a benefit to participating.

Limitations of this study include that the project was
optional for the students. If the project had not been
optional, it would have been possible to get the opinions of
the entire cohort as to whether they felt this project added
value, while limiting stress created. Moreover, this study
should be repeated in a non COVID-19 environment,
where the stresses of the pandemic are reduced, and classes
are resumed in person. This would allow for a comparison
of the benefits and successes of the same experiential
project to achieve student success in a remote and in an in-
person environment.

As a further limitation, it should be noted that while this
study indicated their may be correlations between
engagement with the experiential activity with academic
success (as noted by student achievement of graduate
attribute indicators), this study does not directly show that
this success is caused by the student engagement with the
activity. It is possible that, as a trend, students who would
have achieved higher levels of academic success were
those who chose to engage with the experiential activity.
Future study could examine the extent to which
engagement with the project truly causes greater academic
success, which could consist of repeating the study in years
where entire cohorts are asked to participate rather than
having the project be optional. Moreover, although
students who participated reported improvements mental
health benefits, it is also possible that students who
participated in the project had better mental health to begin
with. This could also be explored through future study.

This case study outlined the effect of engagement with
an experiential project on student success in a virtual
format. The relative accessibility of the project combined
with the benefits makes it worthy of consideration in future
courses where it may be able to enhance the course content.
The ability to have experiential learning experiences,
specifically away from a computer screen, is especially
valuable during virtual learning semesters.
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APPENDIX

The wording of the exam questions related to the bridge
project was as follows:
e Explain any factors that motivated you to
participate or not participate in the bridge project.
e If you completed the bridge project, upon
completion:

0 Do you believe that your participation
had any benefits in enhancing your
understanding of the course material?
Explain.

0 Do you believe that your participation
had any benefits aside from directly
enhancing your understanding of the
course material? Explain.
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