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Abstract—Contribution: This article defines “curricular
hackathons” and describes the features, challenges, and oppor-
tunities of adopting the hackathon format into engineering
curricula. It is based on experience implementing a series of cur-
ricular hackathons which provide students with formative design
experiences as they address ill-structured and integrative design
problems.

Background: Design is an essential part of engineering prac-
tice. However, undergraduate engineering students are provided
few opportunities to develop the skills necessary for solving ill-
structured and complex design problems prior to their final year
capstone projects. Cornerstone projects and other summative
activities are common attempts to introduce students to design,
but often carry significant academic weight in the host course.
Adapting the hackathon format into curricular elements could
provide a useful pedagogy for formative design practice.

Research Question: How can the hackathon format be effec-
tively adapted into curricular activities?

Methodology: The study uses a multiple case study research
design to extract insight from 12 implementations of curricular
hackathons in engineering at the University of Waterloo. The
twelve cases were analyzed through two methods: 1) a synthesis
of eight previous publications and 2) an interview study of 12
instructors involved in their design and implementation.

Findings: Adapting the popular hackathon format to a curric-
ular setting requires several adaptations to maximize the impact
on students. Curricular hackathons: are a short, high intensity
social experience; that guide students through the design-build-
test cycle of a design problem, include opportunities for reflection;
and achieve some level of integration and/or embedding in a
program’s curriculum.

Index Terms—Co-curricular, design process, design projects,
experiential learning.
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I. INTRODUCTION

FAR TRANSFER and integration of knowledge are
difficult and distinct cognitive skills for students to

acquire [1]. Knowledge integration is frequently a require-
ment in solving the types of design problems that are common
in engineering; these problems have vaguely defined goals,
multiple criteria for evaluating solutions, many unstated con-
straints [2], and are often multidisciplinary in nature. The
nature of design problems makes them ideal situations to
practice application and integration of curriculum knowledge.

Traditionally, engineering students have been given few
opportunities to develop the cognitive skills necessary for solv-
ing these problems prior to their final year capstone projects.
First-year engineering students can struggle to navigate the
ambiguities present in ill-structured problem solving, espe-
cially when collaborating with their peers [3]. In addition
to the cognitive skills required to solve these types of prob-
lems, novice students also need to develop their confidence in
their ability to succeed at this task. According to Bandura [4],
self-efficacy—a person’s belief in their ability to succeed at
a task—develops through exposure to mastery experiences
(overcoming obstacles and persevering), social persuasion,
social modeling (seeing peers persevere and succeed in a task),
and through developing their physical and emotional states.

Initiatives that support undergraduate students’ early devel-
opment in design practice—to build both cognitive skills and
confidence—have grown in popularity. Several large curricular
initiatives [5], [6], [7], [8] have brought in holistic experiences
where students can practice applying and integrating their
curricular knowledge. While varied in their implementations,
these experiences are long in duration; and require substantial
curricular changes to implement, potentially limiting the abil-
ity of other institutions to emulate their successes. Cornerstone
projects have also grown in popularity in first year engineering
curricula to provide students with a mastery design experience
in a supportive environment. However, cornerstone projects are
typically implemented as a summative project with significant
academic repercussions should a student fail at the task, and
require substantial course redesign(s) to implement. To counter
this risk for students, they are then highly scaffolded to ensure
students move through the design process smoothly and with
limited frustration. How then, can engineering schools provide
additional exposure to high-impact [9], formative, team-based
design experiences?

A promising new format for achieving these goals is that of
the hackathon. This article highlights the promise of curricular
hackathons—educational activities in which the hackathon
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format is adopted to support design learning in a curricular
setting. This article provides insight and reflection from the
years designing and implementing the engineering design days
(EDDs) at the University of Waterloo to demonstrate the value
of these hackathon-like events as a novel pedagogical tool
for engineering educators. Building on this experience and
synthesis, this article also presents a guiding definition of a
“curricular hackathon” for others who wish to build on this
pedagogy.

The remainder of this article is organized as follows. The
following sections present an overview of design processes
and design learning at hackathons and an introduction to the
hackathon format that has been adopted in engineering cur-
riculum at the University of Waterloo in the form of EDD.
Then, the aims of this study and the methodology employed
are described, followed by a detailed description and discus-
sion of how features of the curricular hackathon pedagogy are
embodied in EDD activities. This article concludes with a final
reflection and implications for engineering design educators.

A. Design at Hackathons

Hackathons are time bounded events where participants
gather and work together in teams to design a solution to
a problem [10], [11], [12]. In their original form, hackathons
were events where computer programmers, developers, and
designers would collaborate in teams with the aim of solving
complex software-related problems or producing innovative
technologies. Since the initial inception, hackathons have
grown significantly in popularity, with thousands held globally
each year. Single events typically have a theme (e.g., public
engagement, environmental issues, and spreading knowledge
about new technologies) [12] and attract a particular audi-
ence (e.g., StarterHacks [13] attracts first time hackathon
participants).

In a review of design activity at hackathons, Flus and
Hurst [11] outlined the common elements of hackathons and
use the Double Diamond design process [14] to model the
steps that participants follow during a hackathon. Hackathon
participants follow a similar design process to that exhibited in
other more common design tasks, with the main design activi-
ties at hackathons roughly mapping onto the Discover-Define-
Develop-Deliver stages [11], [15]. Hackathons typically begin
with an introduction to the structure and theme (if there is
one) of the event. This is a phase of Discovery, where par-
ticipants engage in the critical activity of team formation (if
not formed prior to the event) and search for an idea that
takes advantage of the team’s skillset, is feasible to design
and build within the hackathon duration, and aligns favor-
ably with the event theme and sponsors to improve chances of
winning prizes. In the subsequent phase—Define—hackathon
teams work to better understand the problem they are tack-
ling, outline the requirements for their design, and create a
project development plan to structure the work to be done
and team members’ roles and responsibilities. Teams will
then begin working on their solutions (the Develop phase)
through an iterative process of brainstorming, prototype build-
ing, and testing. In the final (Deliver) phase of the hackathon,

participants present or pitch their final solution, usually to a
panel of judges that award prizes for the best projects. All
this work is typically completed in a condensed time frame
of 24–48 h, though some events can last longer. Hackathons
have become extremely diverse, with variations in each of
the above characteristics; however, some common features are
present.

1) Hackathons are short-duration, immersive events.
2) Hackathons Include Hands-On Application of Design:

Participants tend to implicitly follow a Discover-Define-
Develop-Deliver design process.

3) Hackathons Are Very Social: Participants work in teams
to solve open-ended problems, surrounded by more
teams of their peers and/or near peers.

4) Low-Stakes: Extra-curricular hackathons do not have any
academic stakes.

B. Hackathons for Design Teaching and Learning

Though these examples demonstrate the draw and effec-
tiveness of hackathon-like events, the format also poses chal-
lenges. The un-interrupted immersion into a problem over a
short period of time creates challenges to the overall design
process for students: there may be parts of the design pro-
cess that are overlooked or rushed through, increased levels of
fatigue are a common (often unhelpful) occurrence, and com-
petition may limit overall peer learning [16]. Nonetheless, with
intentional and careful planning the hackathon format may also
bring significant advantages for teaching design to engineering
students in curricular settings.

As a result of hackathons’ rise in popularity and their
ability to elicit the design process among participants, the
hackathon format has also been adopted by universities for
curricular purposes, both in and outside of STEM fields [17].
Studies have found that after participating in hackathons, stu-
dents have increased reference to design thinking processes
and an increased awareness of where it might be imple-
mented [18]. For example, Uys [19] used a 24-h period
toward the end of a capstone design course for students
to implement a project they had developed throughout the
semester. Students reported that they felt more prepared for
work in industry, having developed both hard and soft skills
(e.g., teamwork, project management, time management, and
creativity) during the event. Gama et al. [20] used a similar
method in an undergraduate Web of Things course. Students
developed their solutions to the final course project during
the hackathon. Lappeenranta University of Technology (LUT)
organizes hackathon activities, called code camps, in which
software engineering students learn new technologies and
implement solutions to a predefined challenge. In the vari-
ous implementations at LUT, these events have emphasized
different aspects of engineering education in addition to the
technical outcomes of the event, including teamwork and lead-
ership [21]. Finally, Harz University of Applied Science offers
similar 48-h code camps, with learning objectives like gaining
knowledge of multiple technologies, understanding of societal
problems and helping students achieve a clearer picture of their
interests [21].
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Fig. 1. Student working on robotic arm prototype from Mechatronics
Engineering.

C. Engineering Design Days

When adopted into a curriculum, the hackathon structure
allows teams of students to engage with an entire design cycle
in a short period of time, in a high-intensity but low-stakes
environment, easing the introduction of these new experiences
to a very full curriculum. At the University of Waterloo, the
hackathon format has been successfully adapted into short
duration curricular design experiences called EDDs, which
have now been successfully implemented in all 14 engineer-
ing programs at the institution. Since the first offering of an
EDD in 2016, almost 10 000 students have participated in one
of these academic events. Having delivered each EDD several
times (totaling more than 45 individual offerings), iterated on
their structure and gathered feedback on this process, signifi-
cant insight has been garnered into the promise of curriculum
embedded, hackathon-like design experiences, hereon referred
to as curricular hackathons.

The development of EDD began in 2015 by the Pearl
Sullivan Engineering IDEAs Clinic in the Faculty of
Engineering with the intention of introducing design-centered
activities to engineering curricula to mitigate the problems of
heavily siloed engineering programs. EDD provide students
an opportunity to engage in open-ended problem solving and
develop hands-on design and professional skills, like teamwork
and communication [22], which are strengths of the tradi-
tional hackathon format. EDD activities require few structural
changes to the existing curriculum to implement—typically
requiring only coordination with the term’s instructors to find
a suitable time to hold the event—and are fundamentally
formative in nature.

While EDD events superficially resemble hackathons in for-
mat, they differ in some key ways as well. EDD events include
a prescribed problem, a structured process, and are designed
to achieve specific course-level learning outcomes. The design
problem is chosen to maximize the potential for application
and integration of curricular knowledge, for example, one
of the EDD offered in Mechatronics Engineering integrates
mathematical modeling, programming, and mechanical design
using a robotics problem (see Fig. 1).

Most EDD activities use a similarly structured design
process, typically with the following stages.

Stage 1 (Warmup): Student teams collaborate to solve
simple warm-up problems designed to: a) elicit connections
to/between course content and b) to reactivate their domain
knowledge.

Stage 2 (Design): Teams are presented the same authen-
tic, open-ended problem along with basic building materials.
Students then design solutions to the problem.

Stage 3 (Build): Teams collaborate to build their proposed
solution to the assigned problem. This stage requires teams to
iterate on their design.

Stage 4 (Test and Reflect): Teams test, and demonstrate their
design, and reflect on the outcome.

These stages differ somewhat from the Discover-Define-
Develop-Deliver format commonly seen at extra-curricular
hackathons, but have been tweaked to emphasize curricular
connections in the design problem and to provide structure
to the design process for novice design students. Most stu-
dent participants conclude an EDD event with a functional
prototype (though not all groups are able to achieve this). A
total of 5333 students have participated in these specific EDD
activities since 2015.

II. OBJECTIVES

It is believed that EDD effectively embody the three features
of extra-curricular hackathons previously mentioned; EDD:

1) are short-duration, immersive events;
2) include hands-on application of design;
3) are highly social; and
4) are low stakes.
Their present form is a result of a large-scale collaborative

effort of many faculty and support staff across multiple depart-
ments who have fine-tuned their delivery year-after-year. It is
unclear, however, if there are other commonalities in EDD
implementations which can be generalized for others’ bene-
fit. The research described in this article seeks to collect and
organize the collective knowledge of the many faculty and staff
who have developed and delivered EDD events. For any other
educators seeking to adopt curricular hackathons at their insti-
tutions it may be useful to learn from this collective experience
about how curricular hackathons are implemented in practice.
Guiding this investigation is the following research question:

How can the hackathon format be effectively adapted
into curricular activities?

The objective of this article is thus to provide a detailed
description and discussion of the EDD as a prototypical case
study of curricular hackathons, with the aim of developing
a consensus definition of curricular hackathon which reflects
best known practices.

III. METHOD

This investigation follows a multiple case research design,
an approach that allows researchers to compare findings across
a number of similar cases in order to increase generaliz-
ability [22]. The cases that make up this study are the
12 individual EDD “events”— C1 to C12–listed in Table I.
The selected cases all share the structured design process
described in Section I-C that is prototypical of EDD. Each
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TABLE I
OVERVIEW OF EDD ACTIVITIES AND DATA SOURCES USED

case represents a unique EDD design—as described under the
“Design challenge description” heading in Table I. The study
aims to identify similarities and differences in how the various
EDD cases have adapted the hackathon format into curricular
activities.

Two data sources were used in the case studies—previous
publications describing and evaluating various individual EDD
implementations, and an interview study with academic staff
responsible for the design and delivery of each EDD—as
detailed below. The combination of these two methods rein-
forces the identified themes and triangulates the qualitative
interview data with other sources.

A. Synthesis of Prior Publications

Various prior publications have described and evaluated
individual EDD offerings. In this article, those prior publi-
cations are reviewed with an eye on extracting patterns that
justify their positioning as curricular hackathons. Publications
were included in this review if they described an EDD activ-
ity (case) that possessed the hackathon features highlighted in
Section II (note: there are other implementations of EDD that
do not exactly match the criteria outlined above, e.g., [31]).

In all, eight publications were included in this analysis,
included as citations [23], [24], [25], [26], [27], [28], [29],

and [30], that provided insight on all but two of the 12 cases.
The mapping between each publication and the EDD case that
it evaluates is provided in Table I. The table also lists the
specific EDD offerings and participating student populations
reported on in each respective publication. The EDD offer-
ings described in the eight included publications had a total
population size of 2080 students.

The evaluation of EDD offerings has most often been
accomplished by surveying student participants; most fre-
quently through an anonymous post-event survey [25], [27],
[28], [29], or with a pair of matching pre- and post-event
surveys [23], [26], [30]. Some other methods have been
employed, typically in combination with surveys, including
focus groups [25], or by examining student performance in a
course or courses in the same term [27].

B. Interviews

Computer assisted interviews were conducted with instruc-
tors during the spring and fall of 2020 to learn more about
the EDD activities they had developed and run. The results
presented in the following sections were gathered as part of
a larger research project related to EDD (a description of
the methodology and objectives of that project can be found
in [32] and [33]). The study had received approval from the
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institutional research ethics board at the University of Waterloo
(ORE #41348). A full discussion on the validation of this
methodology is presented in [32].

The interviews were conducted virtually over Microsoft
Teams and were between 60 and 90 min in length. During the
interviews, facilitators (1–2 members of the research team)
guided study participants through a series of questions that
elicited precise details about their EDD activity. The goal was
to generate insight into how each activity was designed, what
its intended learning outcomes were and to what extent the
instructor perceived the activity to be successful. Throughout
the interview, participants were asked follow-up questions and
encouraged to provide additional details and reflections that
were otherwise not captured by the prepared questions.

In total, 12 interviews were conducted. Interview partici-
pants (summarized in Table I as I1 through I12) were faculty
members, academic staff (technologists, laboratory managers,
or instructional support staff), or post-doctoral researchers at
the university. Participant involvement in the EDD of interest
varied, however, they were all a part of either the planning
and/or facilitation of their respective EDD. Each interview
focused on one implementation of a single EDD (as detailed
in Table I), however, many of the interviewees have observed
and/or developed multiple EDD activities, occasionally result-
ing in comments on other EDD activities they were involved
in as well. The EDD implementations discussed in these
interviews had a total reach of 1730 students.

Transcripts of the recorded interviews were automatically
generated using Otter. The text underwent an inductive content
analysis [34]. The analysis process began with open coding
of the data, followed by an iterative grouping of codes by
similarity to create categories, which were further collapsed
into larger categories representing broader common themes.

IV. RESULTS

The content analysis of the interview data identified three
main themes: 1) EDD events are short, high-intensity social
experiences; 2) provide students an opportunity to learn the
design process through a design-build-test experience; and
3) feature curricular integration. These themes are presented
in the following sections, illustrated with direct quotes from
interviewees. These data are also triangulated with direct evi-
dence extracted from the synthesis of prior studies on EDD
implementations (as described in Section III-A).

A. Short, High-Intensity Social Experiences

Hackathons typically run continuously over a 24–36 h
period (usually over a weekend) with participants working
overnight with few breaks (if any) [11]. In EDD, the hackathon
format is adapted so that the students’ time and other com-
mitments are balanced, while still maintaining some elements
of the high-intensity environment that is characteristic of
hackathons. For example, the Mechatronics Engineering EDD
(C10) occurs over two full days held one week apart [30].
Even when an EDD occurs over two consecutive days, as
was the case of C3 (an Electrical and Computer Engineering
EDD) [23], the activity deliverables are scaffolded such that at

the beginning of each day, students are provided with a sep-
arate list of deliverables that are due at the end of that day.
This ensures that overnight work between the two days is not
possible.

Extra-curricular hackathons are very social events, with
teamwork and professional networking being common fea-
tures [35]. EDD seek to capture that social experience by
providing a common experience for a cohort of students to
participate in. This typically manifests in not only intended
learning outcomes for EDD events that directly relate to pro-
fessional skills like communication and teamwork but also
broader goals that relate to building of class community. In var-
ious surveys, the majority of students participating agreed that
their EDD activity provided a good opportunity to meet their
classmates [23], [25], and/or to get to know their instructor(s)
better [29].

Activities which take place early in the 1A term, like for
example the Architectural Engineering EDD (C1), which takes
place in week 1, and the Mechatronics Engineering EDD
(C9 and C10), which take place in weeks 4 and 5, have an
emphasis on building class community and on introducing
students to the discipline. The interview data provide rich
evidence of the community-building potential of EDD. One
interviewee commented on the potential for the activities to
bring the cohorts together, pointing out the social modeling
that can happen during EDD activities:

‘[The Mechatronics Engineering EDD activity]. . .
gels the class together. [The students] came to
know at least 20 people in the class. . . They also
started to realize that . . . other students are equally
capable because they saw their work. . . They were
forced to form communication channels amongst
each other. . . They were forced to talk to each other.
So that broke the ice, right. Basically, it transformed
the class, from a set of individuals to a cohort of
connected individuals.’ - (I4, on C10)

Some other EDD activities, like the Civil and Mechanical
Engineering implementations (C2, C7, and C8), provide an
opportunity for students to work together in same teams that
they will be working with on course projects later in the term.
Though the topic of the EDD activity may differ from their
course project, the students still have the chance to famil-
iarize themselves with their team and have an initial design
experience together. One interviewee discussed their choice in
holding the Software Engineering EDD activity (C12) early in
the term:

‘We do it that early because we wanted them to get
to know each other that early, to get engaged. . . So
we thought that would be a good start for them to. . .
encourage them talk to work together . . . So at least
they will get to know another 15 students, . . . and
work with them. And, you know, start at least with
a small community’ – (I7, on C12)

EDD activities also provide a means for the teaching team
and the students to connect. One interviewee who offers an
EDD activity early in the 1A term in the Software Engineering
program commented on the usefulness of embedding teaching
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team members, like teaching assistants (TAs), with the team
to help with breaking the ice:

‘Well, yeah, I think we learned this summer, [. . . ]
is just a huge volume of TAs· · · It really helps with
those first two challenges that we identified of the
students like getting started and building that team.
Having a TA, or a volunteer who breaks the ice, gets
them talking to each other, helps’ - (I6, on C12)

The activities also offer an opportunity for students to
connect with industry partners. One interviewee commented:

‘Having industry involved. . . plays a big role,
because then the students see the most more bene-
fits in it. So what we did with the Enviro/Geo design
days for the 2A term, where we had some industry
come and do some presentations was very helpful.
And it did add a lot of value to the students.’ – (I1,
on C2)

Industry partnerships with the activities are still in the early
stages of development with only a couple of EDD imple-
mentations having implemented some component of industry
involvement into their activities. The instructor quote above
suggests that students found value in the insight from industry
partners in guiding or informing their design choices. Though
the industry representatives will not directly benefit from the
artefacts produced by the students during these events, they
still have the opportunity to observe student capabilities during
the activity. As such, industry involvement in EDD activities
often aligns with their own organizational priorities around
talent acquisition.

Finally, EDD activities can provide an early setting in which
student leaders emerge from the class:

‘One of the things was, they got to meet other col-
leagues. The second thing is, it led to the rise of
nascent leadership candidates. So in other words, the
students who eventually became the class leaders,
they kind of emerged during this activity. And for
the right reasons, these students had the right empa-
thy with the other students, they were very good at
communicating the things and they understood the
role of the instructors. So it was very amazing to see
that.’ – (I4, on C10)

B. Learning the Design Process Through the Entire
Design-Build-Test Cycle

Design is obviously a core feature of extra-curricular
hackathons, and this emphasis was maintained throughout the
EDD curricular hackathons implemented at Waterloo. Lab or
other tutorial activities often have a “minimum path” struc-
ture where all students are expected to leave the lab having
gained some skill or piece of knowledge. EDD activities are
different in that there are limited instructions given to students
beyond the design goal for the activity—though there is still
some structure in place to assist students in navigating the
engineering design process. This open-ended opportunity is
more closely aligned with the hackathon structure and better
represents the ill-structured problems students can expect to
find in real engineering practice.

Student surveys have shown that they perceive EDD activ-
ities to be a good setting in which to practice design [29]
as well as related skills like teamwork [24], communication,
and problem solving [23], [26], [30]. Similarly, by adapting
the hackathon format, EDD activities create an environment
where students have freedom to pursue creative solutions to
the problem, but where they are supported—intellectually and
emotionally—to increase the odds of success and lower the
instances of frustration, with an aim to improve design self-
efficacy. In this way, EDD events are most typically formative
in nature, focusing on design process quality and not product
quality—a stark contrast from cornerstone or capstone projects
which are summative in nature:

‘I think in the [Software Engineering] capstone
projects. . . I push them more on product. . . At that
end of education I try to shift the needle toward
product. . . whereas in the third week of 1A this is
about process and not about product.’ – (I6, on C12)

Prior student surveys suggest that students perceive EDD
activities as an opportunity to be creative while solv-
ing the problem [26], [27], [28]. Pre- and post-event sur-
vey evaluations have shown that students’ self-efficacy in
design, teamwork, and program-specific skills (viz. pro-
gramming) improved in semesters where EDD events take
place [23], [30], though it is not possible to conclude that
EDD caused these gains as there were other learning activ-
ities present in the term. Some stronger conclusions can be
drawn from [26], which analyzed C11, where the Engineering
Design Self-Efficacy instrument [36] was used both pre- and
post-event. The EDD activity was the only meaningful design
instruction for students in that academic term, and analy-
sis of the surveys showed that across the three cohorts that
participated in the activity, there was an increase in design
self-efficacy, motivation to conduct design, and in students’
expectations of success in design after participating in their
EDD activity.

C. Curricular Integration

Designing an activity with strong ties to the students’
curriculum is the most significant factor that differentiates
curricular hackathons from extra-curricular ones, and EDD
activities are well embedded with the curricula. Although each
of these curricular hackathon events follow the four stages out-
lined in Section I-C, there are differences in implementations
that warrant emphasis. This integration has taken many forms,
but has included one or more of the following elements.

1) Scheduling the activity during regular class hours.
2) Intentionally connecting the activity theme/problem or

process to material students are expected to learn in their
courses.

3) Including a high degree of involvement from teaching
staff.

4) Providing structural opportunities for learning and
reflection for both students (on the material and content
related to the activity) and instructors (on the structure
of the activity itself).
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In the following sections, we discuss various aspects of each
of the four elements of integration.

1) Scheduling: One significant variation between individ-
ual EDD implementations relates to the time when the activity
is offered and the time elapsed between activity days. It
is preferred that students are not expected to participate in
mandatory curricular activities outside of regular class times;
therefore, integrating a hackathon-like format into the cur-
riculum necessitates finding the time within existing course
activities to offer the event. This poses an important constraint
for offering curricular hackathons, as existing teaching activi-
ties need to be canceled or rescheduled to create the necessary
space in the students’ timetables.

One way in which EDD events have coped with this con-
straint is by varying the amount of time between activity
days. Although the students are working on the same problem,
significant space between EDD activity days contributes to
the perceived intensity of curricular hackathons. As seen in
Table I, activities can run on consecutive days; have short
durations between them or be spread out over the entire
semester. There are both practical and pedagogical reasons
for structuring the activities in this way. For some, running
the activity in consecutive days limits the amount of time
the materials need to be present in the IDEAs Clinic space.
From a pedagogical perspective, the consecutive EDD struc-
ture contributes to the intensity of the experience for all parties
involved, with reports of students, instructors, and TAs being
very tired by the end of day two. For example, one instructor
commented on the intense nature of contiguous EDD activities
(and those that occurred during the COVID-19 pandemic):

‘. . . The versions of the [Software Engineering]
activity that I’ve been involved with, have all been
contiguous. That makes it a very intense experience,
which might be off putting, particularly this summer
with the pandemic and the timing, and the proximity
to final exams.’ - (I5, on C12)

There are logistical reasons that explain why some activities
space their parts by few days or a week between them. The
first is a practical consideration due to custom manufactur-
ing of design elements. For example, in the Nanotechnology
Engineering activity (C11), students can 3-D print or laser
cut elements of their final design. As such, pieces are man-
ufactured outside the scheduled time of the activity and are
provided to them when the activity begins on the second day.
Another reason that EDD are separated by a short duration is
course scheduling; it can be less disruptive to student timeta-
bles, and to the courses in the term to have the event take
place on the same day of the week in subsequent weeks.
There are also pedagogical reasons to have time in between the
days of an EDD activity. For example, in C9 (a Mechatronics
Engineering EDD), students are required to submit sketches
and simple CAD models of their robotic arm design at the
end of day 1, on which they receive feedback from the teach-
ing team before they start on day 2. This break between days
gives students a chance to slow down their thinking and pro-
cess what happened on the first day before they enter the build

and test phases in day 2, as well as gives the teaching team
the time needed to provide early feedback to the students.

2) Course Embedding: There are two important differ-
ences between an extra-curricular hackathon and a curricu-
lar hackathon. The first is an obvious difference related to
the commitment toward the project. In an extra-curricular
hackathon, there is usually no penalty for a team with-
drawing their design project from the competition. These
events are, after all, extracurricular. In the case of curricu-
lar hackathons like EDD, students are required to participate
to gain the (typically small) amount of credit toward their
final grades in the term, which may range from bonus grades
in one course (e.g., the Electrical and Computer Engineering
activity—C3 [23]), to grades in multiple courses (e.g., the
Nanotechnology Engineering activity – C11 [26]). Having
grades tied to completing EDD events encourages students
to see the project through to the end. Instructors empha-
sized the importance of a grade incentive to increase student
participation:

‘I do not know how the other IDEAs Clinic activities
go but a major challenge that I see in offering any
of these activities is if you do not have curricular
integration, they [the students] do not do it. If it is
voluntary, then you get a very low uptake.’ - (I6, on
C12)

Presently, EDD activities are most commonly offered in the
first or second semester of first year (1A and 1B terms, respec-
tively), or the first semester of second year (2A term). This
decision is often made for practical reasons: these terms often
have pre-existing design courses which are natural hosts of
the activity (e.g., the Mechanical Engineering EDD—C7 and
C8 - in the 1B term design course, ME 101); and/or a term
may have courses which are more easily integrated (e.g., the
programming and introduction to mechatronics courses in the
1A Mechatronics Engineering term—C9 and C10). The tim-
ing of the curricular hackathon (in the overall curriculum, the
semester, and even day of the week) has significant implica-
tions for its effectiveness. EDD events that took place close to
major assessments in the term (e.g., midterm or final exams),
often had greatly reduced student attendance/attention, even
when grades were attached to participation. Identifying an
ideal time to hold an EDD often requires extensive cooperation
with all the instructors in the chosen academic semester.

In EDD activities, an entire student cohort will be typically
presented with a common problem statement, which can then
present opportunities for horizontal integration of concepts. In
contrast to many hackathons where students select their own
problem to solve, by providing the problem statement, EDD
activity planners have an enhanced ability to achieve curricular
integration of their activity by directly anchoring the problem
statement to course learning objectives. For example, in the
robotic arm problem for Mechatronics Engineering (C9), stu-
dents are first asked to create a mathematical model of the arm
by solving a simplified inverse kinematics problem. In this
way, mathematics concepts and their usefulness in engineer-
ing design can be shown to students. In the Nanotechnology
Engineering EDD (C11) students design a scanning tunneling
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microscope that draws on course concepts from past and
concurrent courses (e.g., physics, chemical principles, linear
circuits, and materials science). Vertical integration is also pos-
sible, as in the Software Engineering activity (C12), where
concepts such as Djikstra’s algorithm are introduced to stu-
dents in their first semester as part of their EDD activity, even
though these concepts are otherwise not taught until second
year.

3) Instructional Supports: Further distinguishing curricu-
lar hackathons from extra-curricular ones, are the supports in
place to assist students as they complete their designs. Extra-
curricular hackathons typically have few supports in place
to explicitly teach, or assist, participants. Some will include
workshops for participants to learn about relevant technology
or may have some periods where feedback is given to partici-
pants by volunteer mentors, but largely teams are expected to
independently work on their projects beginning to end [35].
The EDD curricular hackathons on the other hand, have sig-
nificant supports to assist students as they progress throughout
the activity. These supports can take many forms.

1) Detailed activity instructions: For example, the Software
Engineering EDD (C12) provides students with an
extensive manual to explain the software tools they are
expected to use in the activity.

2) Informational presentations: For example, there are
several short presentations spread throughout the
Nanotechnology Engineering EDD (C11) to give stu-
dents important information as they need it.

3) A structured design process: With checkpoints with
the teaching team (like the 5-stage process outlined in
Section I for EDD events).

4) Formal checkpoints with members of the teaching
team: For example, partway through the first day, stu-
dents in the Electrical and Computer Engineering EDD
(C3 and C4) have their circuit diagrams checked by
members of the teaching team before they proceed to
construct their prototype.

5) Informal peer review sessions: For example, in the
Mechatronics Engineering EDD (C10), five groups of
four students each met at multiple times during the
design window to provide constructive feedback to each
other.

6) Constant presence of members of the teaching team:
Which increases the potential for student learning by
reducing frustration. Students can seek information and
problem-solving advice from the teaching team, rather
than spending hours searching for it on their own.

These sorts of intellectual supports are crucial for avoiding
student frustration when the complexity of the task is high.
Having a strong teaching team presence in the space where
the EDD event is taking place means that the bar to ask for
help is low and provides opportunity for the teaching team
to interact informally with students, further strengthening the
community building potential of the event.

4) Learning and Reflection: One final difference between
the EDD curricular hackathons and a typical extra-curricular
hackathon is related to the Test and Reflect phase that is inte-
grated in each EDD activity. In an extra-curricular hackathon,

final designs are presented or pitched to a panel of judges
in the form of a product pitch, assessed on a variety of
criteria, and awarded prizes where appropriate. However, the
final presented designs may not always be functional, but are
described in enough detail that the intended functionality is
conveyed to the judges [35], and these designs are still eli-
gible for prizes. In a similar way, the final products of the
EDD activities are presented and usually tested in front of the
teaching team and fellow students. However, there is limited
emphasis on “pitching” the idea; rather, students must explain
how they proceeded through the design process. In the case
where designs do not work (which happens frequently in EDD
events) students can reflect on what did not work and explain
what they would do differently in the future. The “closed
loop” of design-build-test-reflect is a significant difference
between the curricular hackathon approach that is presented
here, and the approach used in traditional extra-curricular
hackathons.

Curricular hackathons can also be a meaningful learning
experience for the teaching team offering the activity. EDD
events at various times have been both curricular (with grades
in one or more courses), and optional for students (but still
maintaining ties to the knowledge students are learning in
their courses); and while the curricular events tend to have
greater student turnout, the same activity can be used both
inside and outside the classroom. For the activity designers,
running the activity as an extra-curricular pilot can be a very
useful feature in refining the activity before it becomes a for-
mal part of a course. It can also be a useful opportunity for
the teaching team to gain comfort with supporting students
in an open-ended design activity. There is no doubt that the
environment of a curricular hackathon is a very different set-
ting than a traditional lab, lecture, or tutorial—it is much more
akin to supporting a studio experience than more traditional
engineering teaching methods—and it can be challenging for
instructors the first time through the activity as they adjust to
the role of coach or mentor.

V. DISCUSSION

A. Contributing Definition of Curricular Hackathons

The examples explored above contribute to a growing body
of literature and understanding of how hackathons and the
hackathon format can be used in curricular settings for the
purposes of design teaching and learning. As this pedagogical
approach is further explored, it is useful to define the concept
of a curricular hackathon. Uys [19] is one of the rare cases in
the literature that uses this term, however, they do so in the
context of their very specific implementation, in which the
hackathon is only used as a structured sprint to finish the last
steps in a semester-long project. In addition, the discussion
related to how students are supported throughout the design
process provided in Uys [19] is limited, which is expected to
be a key component of the curricular hackathon.

As such, this article contributes its own definition of the
curricular hackathon format that highlights what are believed
to be three core aspects.

1) It is a short, high intensity social experience.
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2) It guides students through the design-build-test cycle of
an engineering design problem, and includes opportuni-
ties for reflection.

3) It achieves some level of integration and/or embedding
in a program’s curriculum.

This definition captures the defining features of extra-
curricular hackathons from the literature, while emphasizing
design learning and explicit connections to the curriculum.

B. Implications for Design Teaching and Learning

Curricular hackathons are an emerging pedagogy which pro-
vides unique opportunities, many of which are not afforded by
traditional classroom experiences. There are numerous advan-
tages to the curricular hackathon format for improving student
design skills. Ericsson [37] described the need for repetition
and practice when developing cognitive skills. For a novice
designer who is new to the domain, which fits the profile
of a first-year engineering student, curricular hackathons can
be a place where they are able to practice designing in their
respective domain, surrounded by their peers solving the same
problem. For students with slightly more experience, the open-
endedness of the curricular hackathon format can also provide
elements of deliberate practice [38]—a necessary form of
training to move toward expert designing. The challenge of
the event combined with the support provided by the teaching
team (in the form of coaching, or cognitive supports like activ-
ity scaffolding) provide undergraduate students with a wide
range of prior design skills a meaningful learning experience.

The short duration, high intensity, and significant social
experience of a curricular hackathon presents its own advan-
tages. This environment is fertile ground for developing
student self-efficacy in design. To provide a mastery expe-
rience as described by Bandura [4], the design problem needs
to be sufficiently challenging that students feel an accom-
plishment from completing it, with supports in place to assist
any students who grow frustrated during the event. The social
experience of the curricular hackathon provides a natural envi-
ronment for meaningful social modeling to take place as an
entire cohort of students are all solving the same problem at
the same time in the same space. For students, seeing an entire
classroom of their peers overcome a challenging problem is a
very powerful experience both for self-efficacy development,
but also for broadening perspectives and observing the differ-
ent paths that their peers took to reach their solutions. The
broad diversity of solutions is a powerful demonstration that
there are multiple solution paths to a design problem—an
important realization for developing their personal epistemol-
ogy [39], [40]. Curricular hackathons are much better suited
for social modeling than extra-curricular ones as there is no
guarantee that other participants in traditional hackathons are
your peers (they could be different ages, from different pro-
grams, or even different institutions) and participants do not
see the process that other groups went through, nor do they
necessarily appreciate the challenges those other participants
had to overcome during the event.

An important feature of curricular hackathons is the require-
ment that students participate in a full design-build-test
sequence in a formative setting. Clearly course projects present

a similar opportunity for students, however, they are gener-
ally summative in nature. Summative experiences like capstone
design projects can be terrific learning environments, and are
often required for program accreditation, however, they will be
treated differently by students as the consequences for weak
performance are much higher. The formative experience of
curricular hackathons gives students a chance to fail, with lim-
ited academic consequences, and to learn from that failure.
Curricular hackathons then, are not replacements for course
projects (or for other learning environments like labs), they
are complementary to those pedagogies.

Curricular hackathons are excellent vehicles for integrat-
ing curricular concepts, for providing students an opportunity
to practice applying theory to real-world problems, and for
reinforcing other design instruction. Traditional teaching and
learning methods like course projects and labs generally only
focus on applications of content from a single course in the
curriculum. Far transfer and integration of concepts is a distinct
and challenging cognitive task [1], and so students should be
given opportunities to practice these tasks. Integrating curricular
hackathons with the broader curriculum enables instructors to
prepare students for the activity in advance, include formal
student reflection on learning, and hold follow-up discus-
sions afterwards; all features not present in extra-curricular
hackathons. These integrations can improve learning and help
students understand their experience better. In addition, the
social connections forged between the instructor and the class
can reinforce self-efficacy gains by engaging in social persuasion
and assisting students with regulating their emotional states.

C. Limitations on Generalizability

This study used a multiple case research design, using
a synthesis of prior publications and an interview study to
analyze features of curricular hackathons across 12 unique
EDD cases. The 12 cases encompassed a large number and
variety of EDD implementations: 11 different engineering
programs, with activities spanning over six years, offered to
thousands of students. While this research design can increase
the robustness of results [22], there are still limitations to the
generalizability of the findings presented here. Even though
there was a large breadth of EDD activities included, ulti-
mately, they came from a single institution, and only included
offerings in the first three academic terms. It is difficult to say
what modifications would be needed to maximize the impact
of curricular hackathons in the later parts of the undergrad-
uate curriculum. These students would have much stronger
engineering foundations, and may have experienced design
in settings outside of the classroom (like during co-operative
work terms, as is the requirement at Waterloo), and so adap-
tations to the format should be expected. For example, the
warmup and design sections of the EDD process would likely
include more rigorous analysis of the problem and/or proposed
solution, as the students would have the engineering science
background to conduct this work. The tools used to build
the designs may also need to change to better match the
greater experience in the student participants. Further efforts
are needed to implement this concept in these later terms, and
careful evaluation is required to ensure maximum impact.
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VI. CONCLUSION

The hackathon structure is being recognized by engineering
educators as a novel approach to teach engineering design [16].
This article has presented an advancement in the understanding
of curricular hackathons as a way to engage students and provide
meaningful practice of design skills. Using a multiple case study
research approach that combined interview data with staff and
faculty who developed and implemented EDDs, and a synthesis
of past published research on the format, a new definition of
curricular hackathons is provided, which includes social, tech-
nical, and reflective elements for both students and instructors.
Based on this synthesis, curricular hackathons are described
as short, high intensity social experiences that guide students
through the design process and facilitate student reflection on
their design learning, in a curriculum-embedded context.
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