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Our world’'s complex challenges increase the need for those entering STEAM
(Science, Technology, Engineering, Arts, and Math) disciplines to be able to
creatively approach and collaboratively address wicked problems — complex
problems with no ‘“right” answer that span disciplines. Hackathons are
environments that leverage problem-based learning practices so student
teams can solve problems creatively and collaboratively by developing
a solution to given challenges using engineering and computer science
knowledge, skills, and abilities. The purpose of this paper is to offer a
framework for interdisciplinary hackathon challenge development, as well
as provide resources to aid interdisciplinary teams in better understanding
the context and needs of a hackathon to evaluate and refine hackathon
challenges. Three cohorts of interdisciplinary STEAM researchers were
observed and interviewed as they collaboratively created a hackathon
challenge incorporating all cohort-member disciplines for an online high
school hackathon. The observation data and interview transcripts were
analyzed using thematic analysis to distill the processes cohorts underwent
and resources that were necessary for successfully creating a hackathon
challenge. Through this research we found that the cohorts worked through
four sequential stages as they collaborated to create a hackathon challenge.
We detail the stages and offer them as a framework for future teams who
seek to develop an interdisciplinary hackathon challenge. Additionally, we
found that all cohorts lacked the knowledge and experience with hackathons
to make fully informed decisions related to the challenge’s topic, scope,
outcomes, etc. In response, this manuscript offers five hackathon quality
considerations and three guiding principles for challenge developers to best
meet the needs and goals of hackathon sponsors and participants.

hackathon challenge development, problem-based learning, interdisciplinary
problem-solving, wicked problems, faculty development, hackathon based learning
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Introduction

Hackathons and coding contests are time-bound events
where teams of participants from different backgrounds gather
to build technology projects, learn from each other and experts,
and create innovative solutions that are often judged for
prizes (Longmeier, 2021). While hacking can have negative
connotations especially related to security vulnerabilities,
typically in these events hacking refers to modifying original
lines of code or devices to create a workable prototype (either
hardware or software). Hackathons are flexible venues that can
adapt to a variety of outputs and outcomes yet are structured
with specific challenge parameters to allow participants to
demonstrate creativity when developing a product.

Originally hackathons were adopted and implemented at
software companies to provide rapid innovation of prototypes
(Raatikaine, 2013; Komssi et al., 2015) but quickly moved
from industry to the realm of education (Gama et al., 2018a,b;
Huppenkothen et al., 2018; Porras et al., 2018, 2019) and civic
engagement (Carruthers, 2014; Johnson and Robinson, 2014;
Lara and Lockwood, 2016; Enis, 2020). Some events are focused
on specific hardware or software for project outputs; others have
a goal of participant learning as an outcome so do not proscribe
a specific topic to address. Most hackathons are based around
one or several themes to help participants narrow the scope of
the potential outputs of the newly formed teams (Lapp et al.,
2007; Moller et al., 2014; Trainer et al., 2016).

Hackathons can run for part of a day up to a whole
semester in terms of duration; however, most run for 24-
36 h. They are usually held in open spaces where participants
can see what others are developing; some provide project
mentors or community involvement to keep participants
focused. Hackathons are an ideal venue for tackling wicked
problems (i.e., problems that are complex, multidisciplinary,
and have multiple correct answers) given there are often
several stakeholders with varying priorities resulting in multiple
possible outcomes. But how are these hackathons organized
and created such that they become a venue for valuable
learning experiences? This work begins to explore the creation
of hackathons and hackathon challenges to promote problem-
based learning experiences amongst participants.

Background and pedagogical
frameworks

Hackathons have been around for decades and were used
frequently by software companies in the early 2000s. They
gained popularity in libraries (Nandi and Mandernach, 2016;
Longmeier, 2021), on campuses to supplement other in-class
learning (Horton et al., 2018), and for communities who were
interested in promoting literacy (Vander Broek and Rodgers,
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2015), project-based learning (La Place et al., 2017), and building
awareness of community resources such as data (Carruthers,
2014). At times, conferences on a specific topic draw experts
in the field together and planners may append a hackathon to
the conference, taking advantage of the opportunity to creatively
brainstorm and iterate on topics of interest (Feder, 2021).

Early research in this area focused on case studies of
specific events (whose durations ranged from a single day
to an entire semester) (Ward et al, 2014, 2015; Ghouila
et al,, 2018). Recently more research has been done about
hackathon outcomes and participant motivations for these tech-
related events (Falk Olesen and Halskov, 2020). Researchers
have examined how the theme affects product output (Medina
Angarita and Nolte, 2019; Pe-Than et al,, 2022). Specifically,
when exploring goal alignment between hackathon planners
and participants, researchers found that some goals were shared
(such as networking and learning) whereas prize attainment
was not (Medina Angarita and Nolte, 2019). Additionally,
participants were more likely to achieve the goals of the
hackathon when they were clearly stated to participants.
Research has also focused on the team dynamics of these events
(Trainer and Herbsleb, 2014; Richterich, 2017). Still others focus
on participant motivations for either specific themes or for the
event overall (Kos, 2018). Hackathon participant surveys show
that hackathons are excellent avenues for informal, peer-to-peer,
and team-based learning (Nandi and Mandernach, 2016).

In examining various resources for successfully hosting
a hackathon (McArthur et al, 2012; Nelson and Kashyap,
2014; Grant, 2017; Jansen-Dings et al.,, 2017; Tauberer, 2017;
Byrne et al., 2018), the hackathon planning kit provides twelve
decisions for organizing a successful event (Nolte et al., 2020),
one of which is selection of a theme. Planners of the events may
be hoping to solve specific issues, iterate on prototypes, or test
specific technologies, where outcomes of the event drive theme
development. Hackathons are ideal for problem-based learning
assignments because they are flexible in how they are deployed,
yet constraints can easily be built in.

Interdisciplinary importance

For work to be considered interdisciplinary, it must facilitate
and leverage communication and collaboration across two
or more academic disciplines (Jacobs and Frickel, 2009).
Interdisciplinary work has greatly increased in popularity in
the past century, leading to countless innovations, inventions,
and insights. As the technical and social aspects of day-to-day
life become more deeply intertwined (Rhoten, 2004), new and
complex problems emerge, and the need for interdisciplinary
work continues to grow. This is especially true in academia,
where we have seen recent pushes for an increase in
interdisciplinary research projects to increase creativity and
innovation (Jacobs and Frickel, 2009; Holley and Brown, 2021).
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Despite this growing necessity for interdisciplinarity in
problem-solving and innovation in research settings, researchers
have identified many barriers to such work, some of which
are the knowledge and skills necessary for interdisciplinary
collaboration (Holley, 2009). In order to begin developing the
knowledge, skills, and experiences necessary to prepare students
to be the next generation of problem-solvers, educational
tools and pedagogies that highlight and leverage the utility of
interdisciplinary problem-solving [e.g., problem-based learning
(Savery, 2006; Brassler and Dettmers, 2017), introducing
students to wicked problems (Denning, 2009), etc.,] can be
leveraged in formal classrooms as well as informal learning
environments such as hackathons.

Problem-based learning

Problem-based learning (PBL) is a learning strategy in which
the driving force of the learning experience is a problem. This
problem cannot be any problem because students should learn
by “resolving complex, realistic problems under the guidance of
faculty” (Allen et al., 2011, 21). PBL was first used in medical
programs, where it was identified as a successful learning
technique, and thus grew in popularity and adoption through
the 1980s and 1990s (Savery, 2006). After PBLs initial success,
it was adapted in a variety of contexts and learning levels from
elementary to higher education.

Central to a PBL experience is the problem and how
students interact with that problem. PBL is learner-centered
and driven by an ill-structured problem or set of problems
that encourages free inquiry (Savery, 2006). Torp and Sage
(2002) describe PBL as experiential learning that is organized
around and focused on the investigation and resolution of
a messy, real-world problem. Similarly, Hmelo-Silver (2004)
described PBL as an instructional method in which students
learn through facilitated problem solving centered on a complex
problem that does not have a single correct answer. These
definitions indicate that the problem guiding PBL needs
to be complex enough that students can approach solving
the problem from a variety of ways while considering real-
world scenarios and generating solutions that create real-world
value. Calls for student learning experiences to resemble “real
world” and realistic experiences outside of classrooms have
specifically highlighted PBL and its benefits (Bransford et al.,
2000, 77).

What is also important to PBL is the focus on collaboration
and knowledge connections. In PBL collaborations are central,
both between students and in the environment where students
need to integrate knowledge to solve the problem. These
qualities of PBL are reflected in Duch et al. (2001)’s description
of the skills that should be used and developed by students
include: the ability to find, evaluate, and use appropriate
learning resources; to work cooperatively, to demonstrate
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effective communication skills; and to use content knowledge
and intellectual skills to become continual learners.

Problem-based learning in science, technology, engineering,
and mathematics (STEM) disciplines has gained traction in
elementary schools through college-level courses (Elsayary
et al,, 2015). Research shows that PBL is a successful strategy
in improving instruction and student learning outcomes in
STEM settings (Akinoglu and Ozkardes Tandogan, 2007) and
more specifically in engineering (Yadav et al, 2011) and
computer science and programming spaces (Peng, 2010; Chang
et al,, 2020). Beyond learning gains, PBL positively impacts
students’ learning experiences by improving attitudes and
motivation toward STEM disciplines and future STEM careers
and opportunities (LaForce et al., 2017; Sar1 et al., 2018). One
way in which PBL has found its way into STEM learning spaces
is through hackathons.

Hackathons can vary in structure but those that center
on a single challenge prompt most closely resemble PBL. As
an example, a PBL model was applied as a hackathon where
community partners posed specific challenges for participants
to address (Lara and Lockwood, 2016). This hackathon
combined significant peer-to-peer learning using student
mentors with needs assessment, product development, and
building communication skills when working with community
partners. The qualities of this example hackathon, as well as
many others in industry, education, and civic engagement,
align well with the collaborative nature of solving similar
ill-structured problems that distinguish PBL as a learning
approach.

Wicked problems

Wicked problems got their start when complex social
problems were being compared to technical scientific problems
(Skaburskis, 2008). There exist clear methods for determining
the answer to a technical or scientific problem, but addressing
social problems tends to involve multiple stakeholders, often
with competing priorities. Early wicked problem literature
focused on these problems as existing in social science,
for instance public policy and government contexts (Peters,
2017). In literature, wicked problems have distinguishing
characteristics and are often contrasted against tame problems
in technical and science fields (Ritchey, 2013). Examples of
these characteristics include not being well-defined and having
no clear point at which the problem is officially solved.
Additionally, solutions to wicked problems cannot be assessed
or evaluated as “right or wrong” because they cannot be tested —
each solution impacts multiple stakeholders in many ways
(Ritchey, 2013).

Scientists and engineers have been labeled as leaders in the
next generation of the world’s problem solvers (Jablokow, 2007),
and solving wicked problems calls for the interdisciplinary
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integration of knowledge and expertise from a variety of
domains and specialties to develop and evaluate solutions
(Denning, 2009). Educators of these future problem solvers in
STEM fields have recognized this shift, leading to a noticeable
increase in the consideration of wicked problems and how to
introduce students to them in engineering and computer science
spaces (Lonngren et al., 2019).
STEM

interdisciplinary, complex, ill-structured problem solving with

Oftentimes students  introduction  to
many viable solutions has been done through PBL in formal
classroom settings and hackathons as informal collaborative
learning spaces. Given the fuzzy and flexible nature of wicked
problems, hackathons and PBL approaches are excellent
techniques for brainstorming solutions to wicked problems.
Interdisciplinary PBL can help increase interdisciplinary skills
needed for employability and development as well as reflective
behavior and interdisciplinary competence (Brassler and
Dettmers, 2017). By leveraging the interdisciplinary nature of
PBL and wicked problems, students engage in creative problem
solving and can make connections between their own content
knowledge and real-world solutions [e.g., (Christy and Lima,
2007)].

learning environments lead to students engaging in the creative

Overall, these experiences in formal and informal

process of solving wicked problems to prepare them for future
challenges and collaborations.

Purpose

The purpose of this paper is to offer a framework for
interdisciplinary hackathon challenge development, as well
as provide resources to aid interdisciplinary teams in better
understanding the context and needs of a hackathon to evaluate
and refine their hackathon challenge. This article takes a unique
perspective on furthering hackathons as learning expeditions,
as it focuses not on the learning of hackathon participants but
instead on the experiences, innovations, and learning of those
who create hackathon challenges.

In this manuscript, we achieve this purpose by leveraging
the accounts of participants within interdisciplinary STEAM
cohorts paired with observations from the research project
team. We explored how these cohorts navigated the challenge
of creating a hackathon challenge that integrated elements
of all participants’ unique disciplines - truly modeling a
problem-based learning challenge, as well as the complex and
interdisciplinary nature of a wicked problem.

We also offer quality considerations as well as guiding
principles that we recommend using to develop, evaluate, and
refine a hackathon challenge to best serve the needs of the
hackathon sponsors as well as the hackathon participants. By
exploring the experiences of those who develop hackathon
challenges, identifying their needs, and providing resources
to address those needs, we make a unique contribution with
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this manuscript that provides others with clear practices
and considerations that can be leveraged by others creating
hackathon challenges.

Methodology

Study context

To better prepare researchers for science communication
with the public, our combined research and evaluation team
developed a program that included a series of individual
and group public communication opportunities (Pelan et al,
2020). Participants filled out a questionnaire to apply for the
program and were intentionally selected to represent a diverse
faculty body as well as participants’ interests and experiences
in interdisciplinary work. Once selected for the program, each
participant was assigned a pseudonym to be used for all research
reporting, including the present paper. Participants were also
placed into four interdisciplinary cohorts. Each cohort included
3-5 individuals and reflected a broad topic. The broad topics
(energy, space, movement, and elements) were used as a starting
point for participants to bring their research domains together.
After cohort formation, the program began with Portal-to-
the-Public-like training (Selvakumar and Storksdieck, 2013)
to develop basic skills around public science communication.
Participants then used their newly developed skills to present
their work in individual and collaborative ways across a variety
of public settings (Desing, forthcoming).

One of the public venues for the collaborative portion of
the work included a virtual hackathon for high school students
which is the focus of this manuscript. For this activity, the
cohorts designed challenge prompts that would be used for the
hackathon. The goal of each cohort was to create a prompt
relating to all their disciplines around their assigned topic. Each
cohort took different approaches to developing their hackathon
challenge, and in the end, each developed a unique prompt
that showcased the interdisciplinarity of their cohorts. All four
cohorts participated in this activity; however, the first cohort
completed the exercise in person while the remaining three
cohorts participated virtually. Subsequently, we used the first
cohort as a pilot to understand the needs of the cohorts in
challenge making. This manuscript focuses on the experiences
of the three virtual cohorts. The three interdisciplinary virtual
cohorts and their members are summarized in Table 1.

Data collection and analysis methods

The data that informed this manuscript came from two
sets of qualitative data. The first data set was transcripts of
interviews conducted with the cohort participants. Each cohort
participant participated in two 15-30-min virtual interviews.
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TABLE 1 Cohort participant disciplines.

Cohort Participant discipline

Astronomy

Integrated Systems Engineering

Space Ecology

Agricultural Education

Geography
STEM Education

Music
Movement

Mechanical Engineering

City and Regional Planning

Theater

Material Science and Engineering
Elements

Environmental Science

Chemical Engineering

The first interview was before the hackathon event and asked
questions related to how the challenge development went
within the cohort including the challenges and success of
preparing for the hackathon. The second interview was after
the hackathon event and asked questions related to how the
event went and how students worked with the challenges the
cohorts developed. The second data set was observations of
the meetings in which cohort participants met to develop the
interdisciplinary hackathon challenge prompt. Members of the
research project team - specifically the evaluation team and
the event experts — attended these meetings. Their attendance
served a dual purpose, as they observed the interactions of
the cohort participants but also participated in discussions
by providing occasional guidance and feedback to cohort
participants. This form of data collection between the research
project team and cohort participants is described in Ciesielska
etal. (2018) as direct partial-participant observation.

Data analysis began with the transcribed interviews
undergoing thematic analysis. Thematic analysis is a qualitative
data analysis technique that allows for salient ideas and
meaningful patterns to be identified that are related to the
research questions and topic of interest (Braun and Clarke,
2006). After reading the transcripts and focusing our thematic
analysis on the experiences of interdisciplinary collaboration
in creating a hackathon challenge, four themes were identified
using the participants’ experiences and perceptions documented
in the interview transcripts. Next, the evaluation team compared
their documented observation data to the four themes. Using
this observation data, the themes were further developed
and refined, thus representing both the participants’ accounts
of their experiences and the observational perspective and
expertise of project team members. Balancing participants’
self-reported data with accompanying research observations
is a method of data triangulation that is commonly used
to further improve the quality and reliability of qualitative
research and its results (Flick, 2007). What emerged from

Frontiers in Education

05

10.3389/feduc.2022.954044

this analysis was four sequential themes that our cohort
participants used when developing an interdisciplinary
hackathon challenge.

Results and discussion: Stages of
interdisciplinary hackathon
challenge development

What emerged from the analysis described in the previous
section was four sequential themes that our cohort participants
used when developing a hackathon challenge that centered
on their cohorts’ topic and related to all their disciplines.
Because these themes were sequential, we present them
here as stages of hackathon development. Based on (1) the
salience of these stages and (2) their alignment with literature
on small group work and team development (Tuckman,
1965), team problem-solving (Kozlowski et al., 2009; Super,
2020), curriculum development (Jonassen, 2008), and more
specifically PBL problem development (Hung, 2006, 2016), we
offer these stages as a useful process framework for others
working within interdisciplinary groups to develop a hackathon
challenge. The four stages that emerged through thematic
analysis are illustrated in Figure 1 but are also elaborated
upon and connected with literature in the sub-sections that
follow.

Stage 1: Understanding and
communicating between research
disciplines

In order to collaborate effectively, team members first
needed to communicate their own discipline and specialty as
well as understand the disciplines of other team members. Amy
and Doug, both in their interviews prior to the hackathon event,
spoke to how each of their cohorts went about this initial stage.

“We made concept maps of each other’s disciplines at one
point. We had spent a lot of time telling each other what
we do and then trying to repeat it back to each other and
figure out where we were inspired and where we imagined
cross-disciplinary insights.” - Amy (Movement cohort).

“Those moments, where each one of us introduced an idea
that was like core to our practice which was accessible enough
to the others, those were successful moments, you know. Those
moments, where we introduce something that was core to our
practice that kind of flew over the heads of the others or wasn’t
accessible that's where it was tricky, I feel so much of this entire

endeavor is about sort of identifying for yourself in ways you
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Stage 1

Understanding &
Communicating
Between Research
Disciplines

Stage 2

Finding Connections
Between Disciplines

Consideration of multiple
aspects of research (e.g., data,

Meetings & conversation methods, scopes, subjects)

Review personal understanding
of others’ disciplines

Idea sharing activities (e.g.,
concept maps)
Less use of jargon Listening intently

Time consuming

FIGURE 1

Summary of the four stages of interdisciplinary hackathon development.

Stage 3

Stage 4

Evaluating and
Refining Challenge
Topics and Prompts

Developing
Challenge Topics &
Prompts

Identification of a lack of
context knowledge

Resource seeking & leveraging
Critical reflection & evaluation

Creativity and “out-of-the-
box” thinking

Iterative in nature

Flexibility
Resource seeking

haven’t thought about before, like what parts of what you
do are sort of graspable and digestible by folks outside your

immediate discipline.” — Doug (Elements cohort).

The project evaluation team’s observations confirmed the
importance of this stage of development. Their observations
also noted that this specific development stage appeared to
be more challenging for the “Arts” members of each STEAM
cohort of participants. While many of the STEM cohort
participants relied on already-shared STEM language, those
cohort participants who research in the Arts struggled
to understand and find shared language between Arts
and STEM fields. These observations align well with Pahl
and Facer (2017) account of collaborative research teams
needing to develop a common language to allow for
collaboration and emergent ideas. This stage aligns with
what Tuckman (1965) described as “forming.” Tuckman
(1965) notes that that while forming, team members are
concerned with orienting themselves with one another
through identifying and testing interpersonal and task
boundaries as well as establishing dependency relationships.
As Doug noted in his quote, there were both successful
and unsuccessful moments of identifying relationships and
creating shared understanding. Kozlowski et al. (2009) calls
this early step in project solving “problem diagnosis” - in
which those who are doing the problem solving identify
issues and expose weaknesses. The lack of understanding
of each other’s disciplines was quickly identified as a
barrier in persisting with the task and needed resolved.
Super (2020) identifies a need for learning and continual
improvement at this stage of team problem solving - and
both Amy and Doug speak to the importance of learning
and knowledge sharing to better communicating your
own specialty and understanding others. The learning
and knowledge sharing happening within this stage was
not immediate though; as both Doug and Amy point
out, it is time consuming and integral to the “entire
endeavor” of developing an interdisciplinary hackathon
challenge.
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Stage 2: Finding connections between
disciplines

This second stage identified was interdisciplinary cohort
participants shifting their focus from communicating their own
specialties and understanding others to identifying similarities
and connections between the seemingly disparate disciplines.
This stage of development seemed to be difficult for each
cohort. The quotes below from pre-hackathon interviews
illustrate this difficulty of connecting various strands of STEAM
specialties and the development of a hackathon challenge with
all disciplines represented.

“But finding these things that come together, I think it
was listening and listening for these concepts and the other
disciplines that resonate as opposed to jumping in and
saying,. .. "No, no, no. Mines about.” Or, “My tribe says it
this way.” Instead listening and say, “Yeah, thats the same.
And maybe heres where I think I could inject something a
little different in order to elevate the discussion,” as opposed
to “Your discipline just doesn’t think about this as well as my
discipline.” I think that was really critical.” - Mitchell (Space
cohort).

“I couldn’t figure out how to do it. I really couldn’t. I think
I sat there in one or two meetings just thinking this is not
going to happen. There’s no way that the four of our disciplines
can work, but Amy, did it. Amy came up with this fantastic
prompt, basically took their three disciplines data. What
about data from [. . .] planning? What about data from [...]
education? What about data from cancer research and Todds
work has also.” — David (Movement cohort).

We see from these quotes that identifying these bridges
between the disciplines was not an easy task. Tuckman’s
(1965) second phase of team development - storming -
describes interpersonal relationship difficulties involved in team
development. The “storming” happening within these cohorts
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is better described as interdisciplinary relationship difficulties.
Due to the innovation needed to create a challenge that
integrated disparate disciplines, it is not surprising that the
environment was complex, stressful, and portions of the process
did not run as smoothly as some had hoped (Kozlowski et al.,
2009). Project evaluation team observations noted that each
cohort of participants struggled when working within this stage.
Observations also revealed that the cohorts that struggled and
stormed the most in this stage were those who did not spend
a lot of time working iteratively and aimed for broad, high-
level connections. These observations align with claims by
Jonassen (2008) that instructional design is an open-ended and
ill-structured problem that calls for iteration.

In cohort participant Mitchell’s quote above, he spoke
to the need for more careful and critical listening and
acceptance of differing perspectives when the group was still
functioning within the first theme related to the stage of
establishing communication and understanding. This need
aligns with Super’s (2020) recommendation for leaders of
problem-solving teams to encourage collective rather than
individual cognition, as well as what Pahl and Facer (2017)
describe as the development of a language that can be
used by all team members that best allowed for open
communication and emergence of new ideas that crossed
disciplinary boundaries. David and his cohort looked not only
at the different disciplines’ research outputs and significance
but also at the data all cohort participants use in their
These
strategies used by cohort participants — such as adjusting

research and found connections across data sets.

goals, changing approaches and strategies, and identifying
and leveraging multiple perspectives when looking how to
solve a problem - mirror recommendations from literature
on team-based problem solving (Kozlowski et al., 2009; Super,
2020).

Stage 3: Developing challenge topics
and prompts

The third stage emerged when cohort participants started
leveraging the connections and commonalities between their
various disciplines to create a high school hackathon challenge
prompt that was related to all the disciplines represented in the
cohort, as well as each cohorts’ theme. The most used word
when cohort participants spoke about working within this stage
was “creative,” but that creativity appeared in many ways. An
example of this creativity is illustrated below.

“He identified that there was this common denominator in
all of our research, which was climate change. That provided
a nice anchor for us to adopt and use as something that the

students themselves could latch on to. Its a nice theme. .. So,
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then it was just a matter of refining.. .. We're almost using
“space” as more of a rhetorical tool to prompt students to think
a little bit more creatively than they might otherwise.” - Mark
(Space cohort).

As the cohort participants worked to turn the connections
and similarities between their disciplines into a hackathon
challenge prompt, the teams moved into Tuckman’s (1965)
“norming” phase. In the norming phase teams develop a
cohesive goal and working style in which roles and standards
evolve and are accepted, and the standards and working style
led to clear progress toward the cohesive goal. In most cases,
the norming working style within these cohorts that was useful
and effective within this stage was brainstorming and creativity.
Mark’s quote above illustrates how that working style emerged as
the space cohort identified a common dominator between their
disciplines as climate change. While the cohorts’ themes were
meant to be a starting point for their convergent thinking, the
space cohort leveraged creativity to redefine what “space” meant
in the context of their challenge (i.e., space between people
emotionally or physically rather than outer space).

While at this point teams began making strong forward
progress toward the development of a challenge, the project
evaluation team noted that a common sticking point within this
stage was how much structure (or lack of structure) the prompt
should have. What was observed by the evaluation team to be
most helpful for teams in determining how much structure to
provide in the prompt was guidance from hackathon experts.
After consultations, cohort participants were able to gain better
knowledge of the context the created challenge would be
functioning within - hackathons. Sean’s quote, below, speaks to
this need for hackathon context expertise.

“I think we’re maybe a bit stuck. Just because I think most of
us, maybe haven’t been involved with a hackathon so kind of,
I think, especially on Tuesday we had some more background
on in in some previous projects what had been done, and I
think that was definitely helpful” - Sean (Elements cohort).

While in this stage, cohort participants were still embodying
qualities of good problem solving, examples of this being
working together to identify and explore potential paths forward
to overcome a challenge (Kozlowski et al., 2009), planning and
organizing themselves such that new ideas or perspectives can
emerge (Super, 2020) — as demonstrated in MarK’s quote — and
approaching the task of creating this challenge as a learning
opportunity (Kozlowski et al., 2009). Despite functioning well as
a team with regards to Tuckman’s (1965) phases of teaming and
Super’s (2020) strategies for leaders in team development, as well
as navigating problem solving in ways aligned with literature
related to task engagement and learning cycles (Kozlowski
et al,, 2009), guidance from event experts was still necessary for
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teams to complete work within this theme in a way that was
appropriately structured and scoped.

Stage 4: Evaluating and refining
challenge topics and prompts

This final stage emerged after the team had decided on
a broad topic or challenge prompt but worked to refine the
challenge prompt so that the hackathon participants would
work on it and be able to do so in a meaningful way. At this
point, the teams would be “performing” according to Tuckman’s
(1965) classification of team working phases — meaning that
team members are flexible with one another, functioning well
together to achieve their goal because group energy is channeled
into the task. Dougs reflection, below, illustrates what it was like
for him to be working within this stage with his fellow cohort
participants.

“I've just been thinking a little bit about this idea of sort of like
sacrificing personal research stakes or something in order to
find collaborative sort of balance. There’s a sacrifice involved
a bit, you have to kind of maybe let go of what would be in
your classroom or your lecture or something maybe the most
perfect idea. But the trade-off is that you get to something that
three other people can support and so actually in a way it feels
like ultimately you give a little in order to actually be sort of
buoyed up by even more so I've just been thinking about that
idea of like sort of sacrifice.” - Doug (Elements cohort).

Doug demonstrates personal flexibility in the name of
group functionality and goal achievement. This reflection is
also important, as literature tell us that there are forms of
interdisciplinary task-related conflict within small teams that
lead to higher levels of creativity when problem solving (Yong
et al., 2014). While Doug’s quote is very reflective of his “stage
4” experience, MarK’s quote below speaks more directly to how
his cohort evaluated and then adjusted their prompts as ideas
continued to develop.

“Something that we identified as an aspect that could provide
some unique characteristics to the student projects. That was
cooperation and games. We've moved a little bit away from
both those themes, but they were helpful early. We've basically
since broadened the challenge and provided the idea of a
cooperation game as just one example of a way in which
groups could get focused on climate change projects. But that
was very helpful actually in getting us in spurring our own
thinking and development, at least have that idea.” - Mark
(Space cohort).

Mark notes how his cohorts’ ideas ebbed and flowed
as they worked in both coming up with initial ideas for
their challenge and the structure of the challenge. He speaks
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to the iterative, re-designing nature of developing these
prompts. Participants in each cohort went through many
iterations of turning connections between their disciplines into
potential hackathon challenge prompts which allowed them
to reflect on improvements as well as what would make the
challenge appealing for participants. Jonassen (2008) argues that
instructional design is not linear, but instead is a process of
iterative decision making. He argues that it is like building
a model, and then making decisions throughout iterations of
implementations and the consideration of additional model
constraints. Similarly, Kozlowski et al. (2009) echoes this idea
in their task engagement and learning cycle, stating the need for
innovative teams to engage in stages of reflection and repetition
in a no-blame, learning-from-failure environment.

While these
refinement are salient when talking to cohort participants about

iterations of reflection, evaluation, and
their experience in creating their hackathon challenge prompt,
what was just as salient was their need for the contributions
of experienced hackathon researchers and practitioners when
working within this stage. This is illustrated in Sean’s quote in

the previous section, as well as Mitchell’s quote below.

“I think we came together with a good pitch. I am not sure.
I mean, I don’t know what this thing is, to be honest. I think
weve crafted a pitch that helps convey our perspective and,
hopefully, it will be attractive to more than one group. Its
unclear whats a good pitch or whats a bad pitch or what
gets folks excited about our topic or not.” — Mitchell (Space
cohort).

Within this research’s large project team were two
project event experts who have many years of experience
coordinating, facilitating, and researching hackathons. As
cohort participants developed, evaluated, and refined their
hackathon prompts, a project event expert also participated
in the meetings to provide cohort participants with context
regarding the hackathon’s student participants, general event
structure and logistics, as well as guidelines as to how
structured/open-ended challenge prompts should be. These
project event experts served the purpose Super (2020)
describes as the necessary leadership role on innovative
teams when they are learning as they problem solve and
reflecting on and refining their solution. They facilitate
the team’s reflection and evaluation of the strengths and
weakness of their ideas, as well as provide feedback when
needed.

Implications and recommendations
One important finding of this research was the clear need
and benefit of having a resource that can serve the purpose of

helping teams evaluate and revise their hackathon challenge.
As we recognize that not everyone in the growing community
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of people who might develop hackathon challenges will have
expertise with hackathon events or even have access to an event
expert, we aimed to provide in this paper a resource for quality
considerations for creating, evaluating, and refining a hackathon
challenge. To do this, we turned back to our data as well as the
hackathon experts situated on our team. First, we thematically
analyzed the participant interview transcripts again, this
time focusing on identifying evaluation considerations that
appear to be important and impactful when developing a
hackathon challenge. The results revealed that as cohort
participants described their experiences working within stages
three and four of interdisciplinary hackathon development,
five different quality considerations of hackathon challenges
appeared to be driving their brainstorming, development,
and revisions: topic of the challenge, audience considerations,
communication of scope, outcomes (explicit/implicit), and
resource considerations.

The topic of challenge consideration related to not only
how the cohort members chose a topic that integrated all their
disciplines, but how they also aimed to choose a challenge topic
that would be of interest to the hackathon participants. This was
done by thinking about topical issues and challenges that would
feel relevant to participants and be of broader consequence
in the real world. The second important consideration that
emerged was defining the topic and outcomes with attention
to the likely knowledge, skills, and abilities of the high-school
aged students in the hackathon audience. Without taking the
audience of the hackathon into consideration the challenge may
be uninteresting to them or too easy/hard for them to enjoy
engaging in. The third emergent consideration was the scope of
the problem. While there was no right or wrong answer for how
much freedom or guidance to provide students with when giving
them a hackathon challenge, this is something to iteratively
reflect on and adjust accordingly. Scoping how much structure
is given in the challenge always presents a trade-off. Give more
information and students may hit fewer sticking points and
be less confused, but they also may have less flexibility and
creativity when designing and implementing solutions. Often
what guides the communication of the scope are the outcomes
of the hackathons. As backward curriculum design (McTighe
and Thomas, 2003) tells us, many decisions about content and
delivery need to be driven by the desired outcomes, and a similar
principle applies in hackathon challenge design. Consider what
the hackathon goals are for both participants and facilitators
(both implicitly and explicitly) and make design challenge
decisions accordingly. Finally, consider the resources that will
be available as students navigate addressing the challenge and
achieving the goals set out for them. The consideration of
availability of resources such as data, access to equipment and
networks, and content experts available for mentorship can
impact a hackathon challenge’s success.

Because many of these considerations relate to one another
and are flexible in nature depending on the goals of the
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hackathon being designed, experienced hackathon experts on
our team suggested we sort the considerations into three
guiding principles that can help support the development
of hackathon challenges: the hook, actions, and collaborative
knowledge sharing. Figure 2 maps the five emergent evaluation
considerations to the three guiding principles. Figure 3 provides
supporting quotes from interviews that illustrate how cohort
participants identified these emergent considerations being
important or impactful as well as maps the quote to the guiding
principle it is related to. Below we offer further elaboration
on each of the guiding principles for use by anyone who
needs hackathon expert content knowledge when designing a
challenge, just as our participants did.

Recommendations for the hook

The “Hook” theme has two quality considerations -
audience experience considerations and topic of challenge. In
marketing terms, a hook is an angle that grabs attention, creates
interest, and makes an audience receptive to your messages.
Hackathon challenge designers will need to make sure their
hook grabs the attention of the hackathon audience. Ensure the
topic will interest and have value to those who are participating
in the hackathon. Why would the participants of the hackathon
want to spend their time and energy addressing the challenge
prompt you put forward? The topic must be understandable
and exciting, and the challenge prompt related to that topic a
balance between too general and overly prescriptive. The topic
should be relatable such that participants are familiar with the
topic and have some level of context so that they will have
a basis for designing potential solutions to address the given
challenge. The challenge must be multidimensional enough to
have multiple solutions, but not so complex that participants
are overwhelmed. The challenge should not be prescriptive to
allow for creative solutions, but also clear and direct enough
that a solution could be produced in the timeframe of the
event. While balancing these aspects of a hackathon topic and
challenge prompt it is helpful to consider the zone of proximal
development (ZPD), which refers to space between what is
known and unknown. These are skills or knowledge that a
person does not individually have mastery of but can acquire
with the aid or guidance of someone who does (Vygotsky,
1978). When considering the hook, we recommend setting a
challenge with an outcome expectation that falls in the ZPD of
the audience that generates intrigue and interest to better hook
participants on a topic.

Recommendations for actions

The “Action” theme has three quality considerations -

audience considerations, communication of scope, and
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Emergent evaluation considerations mapped to the three hackathon consideration themes.

Supporting Participant Quotes Key: ‘ the Hook ‘ ‘ Actions
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ﬁ with” - Amy readily have at hand.” - Doug

FIGURE 3

Cohort participant quotes describing how they evaluated the success and quality of their hackathon challenges.

outcomes. For this, hackathon challenge developers should
consider what they want hackathon participants to be doing
(actions) and what they want the results of those actions to
be (outcomes). These are skills or knowledge that a person
does not individually have mastery of yet but can acquire with
the aid or guidance of someone who does (Vygotsky, 1978).
We recommend determining both the challenge’s scope and
outcome expectations by considering the ZPD of the audience.
This may take time and iteration, as the zone is different for
high school students than it is for college students, much in
the same way it differs between a novice hacker and an expert.
The challenge creators will need to think about what skills
the participants have, what mentorship is available, and what
materials/resources/data are accompanying the challenge in
order to facilitate active learning through the development
of a challenge solution. You should also communicate the
scope in a way that guides participants’ actions in a productive
direction but gives them autonomy to choose the direction
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of their problem-solving actions. Participants should not be
building a product based on specifications, but instead solving a
problem. Additionally, there should be a clear description of the
explicit outcomes you hope for participants completing your
challenge to achieve to provide additional clarity and directions
to allow them to plan their actions accordingly. It is important
in this step to determine who will own the product that is
developed (the participant, the challenge provider, both) and
to communicate that clearly to the participants (HackerEarth,
2022).

Recommendations for collaborative
knowledge sharing
The “Collaborative Knowledge Sharing” theme has two

quality considerations — outcomes and resource considerations.
Important defining features of PBL are collaboration and
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drawing and leveraging connections between fields of
knowledge (Duch et al., 2001; Torp and Sage, 2002; Savery,
2006). Collaborative knowledge sharing should also be a
desired outcome of hackathons (Pe-Than and Herbsleb,
2019). Whether there is an explicit or implicit outcome, the
challenge should not only allow for, but encourage collaboration
with others and knowledge sharing across topics areas and
fields of study. Participants will need to know what the
judging criteria are if it is a competitive event or what the
grading criteria are if it is part of a course. The goals of
the event provide the parameters that set the tone of your
hackathon. Consider if the goal is about the technical prowess
and demonstrating specific skills or development around a
particular hardware/software, creating something that others
are able to iterate on, developing a list of potential solutions
or if the focus of the event is about brainstorming/ideation
building diverse networks and facilitating teamwork and
communication, or creating a workable prototype so that the
focus is more entrepreneurial in spirit. Additionally, if a pitch
session or a video demonstration of the product is expected
for the participants, resources for developing those should also
be provided at the event. Challenge developers will also want
to think about the work products (what participants submit in
response to challenges) as a piece of evidence of collaboration
and knowledge-sharing. Prompt developers may want the
outcomes to focus on network building or collaboration, or
whether the work products address the problem. Creating a
rubric for what will be judged or evaluated will be helpful
for participants to understand the full scope and goals of the
challenge.

Contribution and conclusion

Both PBL and hackathons are grounded in collaborative
problem-solving. Collaborative problem solving becomes
increasingly important across disciplines as professionals across
STEAM and social science disciplines work to address the
world’s growing complex and wicked problems. Hackathons
commonly function as learning environments that leverage
PBL characteristics and practices to prompt students to design
a solution collaboratively and creatively by integrating multiple
domains of knowledge and expertise.

This research took a novel approach in studying the
of STEAM tasked
interdisciplinary prompt

experiences of cohorts researchers

with designing an challenge
for high school hackathon participants, rather than the
hackathon participants themselves. By using both interview
and observation data to explore the experiences of our
interdisciplinary cohorts as they developed hackathon
challenges, we were able to make a unique contribution
to the field that (1) offers a framework of helpful process

stages used when developing an interdisciplinary challenge
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and (2) provides resources that aid in addressing identifying
knowledge gaps related to hackathon contexts and challenge
considerations. It is our goal that this manuscript provides
others participating in the hackathon community with clear
practices and considerations that can be leveraged when
creating hackathon challenges.

The cohorts navigated developing an interdisciplinary
challenge in four sequential phases that emerged through
thematic analysis of the interview transcripts and observational
data. The experiences of the cohort participants in the
four phases aligned closely with literature on curriculum
development, teaming, and problem solving. These phases,
while they emerged from the data as primarily sequential,
also demonstrated a need for iterations when working
within each phase to improve team communication and
final deliverables. Also salient in the data was the cohort
participants’ need for context (hackathon) expertise and
experience when creating and refining their challenges.
Creating a challenge prompt to be “hackathon ready” was
often more difficult for cohorts than the interdisciplinary
nature of the task.

Hackathons are great opportunities for students to learn
the complexities and interdisciplinary nature of addressing
wicked problems. For high-quality hackathon challenges to
emerge from multi-disciplinary design teams, the context of
the hackathon environment and its target audience should be
given considerable attention. In conclusion, for those creating
hackathon challenges for discrete events or as a PBL assignment,
hackathon challenges should hook participants with the topic
of interest, have clear actionable goals that participants will
address, and a means for collaborative knowledge sharing to
ensure the development of a workable solution.
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